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Description
Technical Field

[0001] The invention relates to a glow plug which is
used as a starting aid for a diesel engine at cold times,
and in particular, to a glow plug incorporating a ceramic
heater as a heating element, and a method of manufac-
turing same.

Description of the Related Art
Background Art

[0002] To accommodate for regulatory requirements
on exhaust gases, a combustion scheme of a diesel en-
gine is shifting from a type using sub-combustion cham-
bers to a so-called direct injection type and also toward
a multiplication of valves. A glow plug which is used in
a diesel engine of direct injection type is disposed in fac-
ing relationship with a main combustion chamber
through the wall of an interposed cylinder head, and thus
requires an increased overall length and a reduced di-
ameter as compared with one which has been used to
preheat sub-combustion chambers.

[0003] The thickness of the cylinder head must be in-
creased in order to secure the strength thereof, and this
results in an opening of a smaller diameter and a greater
length which is formed therein to receive the glow plug,
which thus must be formed into an elongate configura-
tion in a corresponding manner.

[0004] Fig. 4 illustrates schematically an example of
conventional glow plug for a diesel engine which is de-
signed to meet the requirements for a greater length and
a reduced diameter. A conventional glow plug incorpo-
rating a ceramic heater as a heating element for a diesel
engine will be described below with reference to Fig. 4.
[0005] A ceramic heating element 6 is cemented as
by brazing inside a metallic outer sleeve 8 and has an
electrode fitting 14, which is integrally connected, as by
welding, brazing or caulking, to an end of an external
connection terminal 10, the outer periphery of which is
integrally formed with an insulating member of bushing
12 which may be molded from resin. The integral as-
sembly comprising the ceramic heating element 6, the
metallic outer sleeve 8, the external connection terminal
10 and the insulating bushing 12 is inserted into an in-
ternal bore 4 of a housing 2 through an opening thereof,
which is an upper end thereof as viewed in Fig. 4, which
is later used to secure the external connection terminal,
and the metallic outer sleeve 8 is secured, as by brazing,
to the other end or lower end as viewed in Fig. 4 of the
housing 2. Subsequently the end of the housing 2 is
caulked at a location toward the insulating bushing 12,
thus securing the external connection terminal 10 and
the insulating bushing 12 to the housing 2.

[0006] In the conventional ceramic heater glow plug,
one end, or an upper end as viewed in Fig. 4, of a coiled
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heating wire, not shown, disposed within the ceramic
heating element 6 is taken out thereof to be electrically
connected with the electrode fitting 14. The metallic out-
er sleeve 8 is fitted around and cemented with the outer
periphery of the ceramic heating element 6 intermediate
its length. Accordingly, an increased strength is required
of the ceramic heating element 6 and the electrode fit-
ting 14. The increased length of the ceramic heating el-
ement results in an increased cost. To accommodate for
this, a ceramic heater is now available which is struc-
tured such that the heater 6 and the sleeve 8 are ce-
mented together under a condition that the heating wire
of the element 6 is connected to the electrode fitting 14
within the element 6 and the end of the element 6 con-
nected to the electrode fitting 14 is contained inside the
sleeve 8.

[0007] In the ceramic heater thus structured, the con-
nection between the internal heating wire of the heating
element 6 and the electrode fitting 14 as well as the ce-
mentation between the heating element 6 and the
sleeve 8 generally both take place by brazing. Steps tak-
en to braze these members 6, 8 and 14 will now be de-
scribed with reference to Figs.2 (a), (b) and (c). Initially,
the ceramic heating element 6 and the metallic outer
sleeve 8 are mounted on a brazing jig 20 to adjust their
relative positions. One end of the electrode fitting 14 is
passed through an attachment opening 6b formed in an
upper end 6a of the heating element 6. A given quantity
of silver brazing filler metal 22 in the form of a coiled
wire is placed on the face of the upper end 6a of the
ceramic heating element 6 (see Fig. 2(a)), and is then
heated to 900°C in hydrogen ambient.

[0008] When heated to 900°C, the silver brazing filler
metal 22 on the upper end face 6a of the ceramic heating
element 6 melts (see Fig. 2(b)) to flow into interstices
between the element 6 and the sleeve 8 and between
the opening 6b in the element 6 and the electrode fitting
14, cementing them together (see Fig. 2(c)). When the
silver brazing takes place properly to achieve a cemen-
tation, no silver brazing filler metal 22 is left on the upper
end face 6a of the element 6, but it flows into the inter-
stices in its entirety.

[0009] However, when the silver brazing does not
take place properly, if the coiled silver brazing filler metal
22 placed on the upper end face 6a (see Fig. 3a) melts
(see Fig. 3b), itdoes not flow into the interstices between
the element 6 and the sleeve 8 and between the opening
6b and the electrode fitting 14, but remains on the upper
end face 6a (see Fig. 3c¢). If the silver brazing filler metal
22 remains on the heating element 6 in this manner,
there is a likelihood of causing an electrical short-circuit
between the electrode fitting 14 and the metallic outer
sleeve 8. The present invention is made to avoid such
likelihood.

[0010] EP 0869 698 discloses a glow plug according
to the preamble of claim 1.
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Disclosure of Invention

[0011] It is an object of the invention to provide a ce-
ramic heater glow plug which is free from the likelihood
of causing an electrical short-circuit between an elec-
trode fitting and a metallic outer sleeve, by choosing op-
timum conditions which assure that during a silver braz-
ing operation, a molten silver brazing filler metal flows
into interstices between the ceramic heater and the me-
tallic outer sleeve and between an attachment opening
in the ceramic heater and the electrode fitting. It is,also
an object of the invention to provide a method of man-
ufacturing the ceramic heater glow plug mentioned
above.

[0012] A ceramic heater glow plug according to the
present invention comprises the features of claim 1.
[0013] A method of manufacturing a ceramic heater
glow plug according to the invention is defined in Claim
10 or 11.

Brief Description of Drawings
[0014]

Fig. 1 is a longitudinal section of a ceramic heater
glow plug according to one embodiment of the in-
vention;

Figs. 2a, 2b and 2c illustrate steps of assembling a
ceramic heater of a ceramic heater glow plug by
brazing operations, illustrating a brazing operation
which takes place normally;

Figs. 3a, 3b and 3c show steps of assembling a ce-
ramic heater of the ceramic heater glow plug, illus-
trating an unsuccessful brazing operation;

Fig. 4 is a longitudinal section of an example of a
conventional ceramic heater glow plug;

Fig. 5 is a chart showing results of a first confirma-
tion test;

Fig. 6 graphically shows results of the first confir-
mation test;

Fig. 7 is a chart showing results of a second confir-
mation test;

Fig. 8 is a chart showing results of a third confirma-
tion test;

Fig. 9 is a chart showing results of a fourth confir-
mation test; and

Fig. 10 is a chart showing results of a fifth confirma-
tion test.

Best Mode for Carrying Out the Invention

[0015] Referring to the drawings, an embodiment of
the invention will now be described. Fig. 1 shows a glow
plug for a diesel engine incorporating a ceramic heater
according to one embodiment of the invention. The glow
plug includes a cylindrical housing 2 having an internal
bore 4, which is a stepped axial opening including a por-
tion 4a of a medium diameter located to the left as
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viewed in Fig. 1, and representing a region where a ce-
ramic heating element is secured, a portion 4c of a
greater diameter located to the right as viewed in Fig. 1
and representing a region where an external connection
terminal is later secured, and a portion 4b of an smaller
diameter disposed between the portion 4a of a medium
diameter and the portion 4c of a greater diameter. In the
present embodiment, the portion 4c of a greater diam-
eter has different diameters for an inner portion 4ca and
an outer portion 4cb.

[0016] A ceramic heating element 6 is contained in-
side a metallic outer sleeve 8, both of which are silver
brazed together to define a ceramic heater 9, which is
inserted into the portion 4a of a medium diameter of the
housing 2. Part of the outer peripheral surface of the
metallic outer sleeve 8 is secured to the housing 2 by
being a press fit therein or by brazing. The metallic outer
sleeve 8 has an inner end face 8a, which is positioned
by abutment against the step 4d defined between the
portion 4a of a medium diameter and the portion 4b of
a smaller diameter of the internal bore 4, which is a
stepped axial opening.

[0017] An external connection terminal 10 has an in-
sulating member or bushing 12 which is integrally mold-
ed with the outer periphery of the terminal 10, and the
insulating member 12 is inserted into the portion 4c of
a greater diameter of the internal bore 4, or more spe-
cifically, into the outer portion 4cb, and is secured there-
in by caulking an end 2a of the housing. The outer pe-
riphery of the external connection terminal 10 is knurled,
and an insulating resin is integrally molded therearound
to form the insulating bushing 12. The external connec-
tion terminal 10 is formed with an axial through-opening
10a in alignment with the axis thereof, and an electrode
fitting 14 of the ceramic heating element 6 is passed
through the through-opening and has a distal end 14a,
which is electrically connected to an outer end face 10b
of the external connection terminal, located at the right
end, as viewed in Fig. 1, either by brazing or by caulking.
[0018] Assembly steps for the glow plug incorporating
the ceramic heater for a diesel engine will now be de-
scribed with reference to Figs 1, 2a, 2b and 2c. The ce-
ramic heating element 6 has a coiled heating wire 16
embedded therein, which is externally exposed, inter-
mediate the length of the heating element 6, at its one
end 16a to be electrically connected to the internal sur-
face of the metallic outer sleeve 8. The other end 16b
of the heating wire 16 is exposed within an electrode
fitting attachment opening 6b formed in an end face 6a
of the ceramic heating element 6, which is a right-hand
end face as viewed in Fig. 1 or an upper end face as
viewed in Figs. 2a-2c, to be electrically connected to an
end 14b of the electrode fitting 14.

[0019] When the ceramic heating element 6, the me-
tallic outer sleeve 8 and the electrode fitting 14 are ce-
mented together to assemble the ceramic heater 9, the
ceramic heating element 6 is initially inserted into the
metallic outer sleeve 8, and they are mounted in a braz-
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ing jig 20 to adjust their relative positions. When the ce-
ramic heating element 6 and the metallic outer sleeve 8
are positioned, a heating area 6¢ located at the inner
end of the ceramic heating element 6 projects outside
the metallic outer sleeve while the opposite end 6a or
upper end where it is connected to the electrode fitting
14 is located within the metallic outer sleeve 8.

[0020] One end 14b of the electrode fitting 14 is in-
serted into the attachment opening 6b which is formed
in the upper end 6a of the ceramic heating element 6
and where the end 16b of the coiled heating wire is ex-
posed. Subsequently, a wire-shaped silver brazing filler
metal 22 is coiled to exhibit an external diameter sub-
stantially comparable to the internal diameter of the me-
tallic outer sleeve 8, and is inserted into the sleeve 8 to
be placed on the upper end face 6a of the ceramic heat-
ing element 6 (see Fig. 2a). Upon being heated to 900°C
in a hydrogen ambient, the silver brazing filler metal 22
melts (see Fig. 2b) to flow into interstices between the
outer peripheral surface of the ceramic heating element
6 and the inner peripheral surface of the metallic outer
sleeve 8 and between the attachment opening 6b in the
upper end face 6a of the ceramic heating element 6 and
the external surface of the electrode fitting 14, thus
achieving a brazing operation (see Fig. 2c).

[0021] Because the affinity or wettability between the
silver brazing filler metal 22 and the ceramic material is
very low, there remains no silver brazing filler metal 22
on the upper end face 6a of the ceramic heating element
6. It is to be noted that in the regions where the silver
brazing filler metal is applied between the ceramic heat-
ing element 6 and the metallic outer sleeve 8 and be-
tween the ceramic heating element 6 and the electrode
fitting 14, the surfaces of these members are treated to
increase the affinity with the silver brazing filler metal 22
in order to facilitate spreading the silver brazing filler
metal 22 extensively. At this end, a surface treatment by
Ni plating is applied to the metallic outer sleeve 8 and
the electrode fitting 14, for example, and a surface treat-
ment which provides an Ni metallization is applied to the
surface of the ceramic heating element 6 which is to be
brazed, for example. Accordingly, the upper end face 6a
of the ceramic heating element 6 which is not subject to
a brazing operation is not provided with a surface treat-
ment and thus has a very low level of wettability with
respect to the silver brazing filler metal 22.

[0022] As mentioned previously, the ceramic heating
element 6 is inserted into the metallic outer sleeve 8,
and after the ceramic heating element 6, the metallic
outer sleeve 8 and the electrode fitting 14 are secured
together by brazing, the distal end 14a of the electrode
fitting 14 which is now connected to the ceramic heating
element 6 is passed through the axial bore 4 in the hous-
ing 2 through an opening thereof which is later used to
secure the ceramic heating element or the left opening
as viewed in Fig. 1 while one end of the metallic outer
sleeve is inserted into the portion 4a of a medium diam-
eter of the housing 2 and is secured in place by brazing
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or by being a press fit therein. At this time, the inner end
face 8a of the metallic outer sleeve 8 is positioned in
abutment against the step 4d defined between the por-
tion 4a of a medium diameter and the portion 4b of a
smaller diameter of the internal bore 4. Under the con-
dition that the metallic outer sleeve 8 is secured, the dis-
tal end 14a of the electrode fitting 14 extends to the out-
side of the portion 4c of a greater diameter of the hous-
ing 2.

[0023] The insulating bushing 12 and the external
connection terminal 10 are inserted into the portion 4c
of the housing 2 while allowing the distal end 14a of the
electrode fitting 14 to pass through the axial through-
opening 10a formed in the external connection terminal
which is integral with the insulating bushing 12. Subse-
quently, the end 2a of the housing 2 is caulked to secure
the external connection terminal in place. The electrode
fitting 14 is electrically connected to the external con-
nection terminal 10 at an outer end 10b of the external
connection terminal as by brazing or by caulking. The
ceramic heater glow plug for a diesel engine which is
shown in Fig. 1 is assembled in this manner.

[0024] When the ceramic heating element 6 and the
metallic outer sleeve 8 are cemented together by a braz-
ing operation as are the ceramic heating element 6 and
the electrode fitting 14, if the brazing operation takes
place normally, the molten silver brazing filler metal 22
flows, in its entirety, into interstices between the inner
peripheral surface of the metallic outer sleeve 8 and the
outer peripheral surface of the ceramic heating element
6 and between the inner surface of the attachment open-
ing 6b formed in the end face 6a of the ceramic heating
element 6 and the external surface of the electrode fit-
ting 14, and therefore there remains no silver brazing
filler metal 22 on the upper end face 6a of the ceramic
heating element 6. Accordingly, there cannot occur an
electrical short-circuit between the metallic outer sleeve
8 and the electrode fitting 14.

[0025] A mechanism which allows the silver brazing
filler metal 22 to flow into the interstices between the
ceramic heating element 6 on one hand and the metallic
outer sleeve 8 and the electrode fitting 14 on the other
hand during the brazing operation will now be briefly
considered. The affinity between the liquid and the solid
surface is generally referred to as wettability. When the
wettability or the affinity is high, the liquid tends to
spread extensively along the solid surface while when
the wettability or the affinity is low, the liquid tends to
agglomerate at a single point on the solid surface to as-
sume a spherical configuration. The molten silver braz-
ing filler metal 22 has a very low wettability with respect
to the ceramics and has a high wettability with respect
to a surface of Ni (nickel), Ti containing Ni, Cu, Ag alloy
or glass.

[0026] Accordingly, when the molten silver brazing fill-
er metal 22 is located on the upper end face 6a of the
ceramic heating element 6 in an annular space between
the inner periphery of the metallic outer sleeve 8 and the
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outer periphery of the electrode fitting 14, the capillary
action of the clearance formed between the inner pe-
ripheral surface of the metallic outer sleeve 8 and the
outer peripheral surface of the ceramic heating element
6 is combined with an absorbing power created by the
wettability between the silver brazing filler metal 22 and
the Ni which is applied by the surface treatment of the
outer peripheral surface of the ceramic heating element
6 and the inner peripheral surface of the metallic outer
sleeve 8 to exert an influence upon the silver brazing
filler metal 22 to pull it into the clearance. On the other
hand, the wettability of the silver brazing filler metal 22
with the entire surface which is contacted by the silver
brazing filler metal 22 inclusive of the inner peripheral
surface of the metallic outer sleeve 8 located above the
upper end face 6a of the ceramic heating element 6 and
contacted by the molten silver brazing filler metal 22, the
outer peripheral surface of the electrode fitting 14 and
the upper end face 6a of the ceramic heating element 6
produces a force which tends to maintain the molten sil-
ver brazing filler metal 22 on the ceramic heating ele-
ment 6. If the sum of the force of the capillary action
combined with the absorbing power is greater than the
force produced by the wettability which tends to main-
tain the molten silver brazing filler metal on the ceramic
heating element, the silver brazing filler metal 22 can be
withdrawn into the clearance.

[0027] It will be seen that the silver brazing filler metal
22 in molten condition which is located on the upper end
face 6a of the ceramic heating element 6 includes a frac-
tion which is in contact with the ceramic having a low
wettability and another fraction which is in contact with
the metallic outer sleeve 8 and the electrode fitting 14
which are Ni plated and have a high wettability. The
higher the proportion of an area of contact with the ce-
ramic having a low wettability, the lower the resulting
overall wettability. In this instance, the molten silver
brazing filler metal 22 is withdrawn into the clearance
between the ceramic heating element 6 and the metallic
outer sleeve 8, and there remains no silver brazing filler
metal 22 on the end face 6a of the ceramic heating el-
ement 6. However, as the proportion of the area of con-
tact with the ceramic is reduced, the overall wettability
increases, and accordingly, the molten silver brazing fill-
er metal 22 is not withdrawn into the clearance, but re-
mains on the end face 6a of the ceramic heating ele-
ment.

[0028] As mentioned above, if the brazing operation
takes place normally, there remains no silver brazing fill-
er metal 22 on the upper end face 6a of the ceramic
heating element 6 between the metallic outer sleeve 8
and the electrode fitting 14, and thus there cannot occur
an electrical short-circuit between the metallic outer
sleeve 8 and the electrode fitting 14. However, there is
an instance that the silver brazing filler metal 22 placed
on the upper end face 6a of the ceramic heating element
6 as shown in Figs. 3a-3c cannot flow into the clearance
after it melts, as shown in Fig. 3b, thus remaining on the
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end face 6a (see Fig. 3c). If the silver brazing filler metal
22 remains on the ceramic heating element 6 located
between the electrode fitting 14 and the metallic outer
sleeve 8, an electrical short-circuit between the elec-
trode fitting 14 and the metallic outer sleeve 8 is likely
to occur.

[0029] In consideration of the mechanism by which
the molten silver brazing filler metal 22 on the end face
6a of the ceramic heating element 6 is withdrawn into
the clearance between the ceramic heating element 6
and the metallic outer sleeve 8, the present inventors
have conducted tests to confirm boundary conditions
between a normal brazing operation in which no silver
brazing filler metal 22 remains on the end face 6a of the
ceramic heating element 6 and an unsuccessful brazing
operation.

[0030] To choose parameters used during these tests,
both factors relating to the affinity or the wettability and
the capillary action and factors relating to the brazing
operation have been considered.

[0031] Factors relating to the wettability and the cap-
illary action are listed below.

1. Surface treatment applied to a region which is to
be brazed:

The surface of the member in the region where
it is silver brazed is treated to increase the wet-
tability or affinity with the silver brazing filler
metal 22. For example, it may be formed of Ni
or Ni alloy. The surface is Ni plated, the surface
is metallized by Ni, Ti containing Ni, Cu or Ag
alloy or the surface is formed with a glass film
to increase the wettability or affinity with the sil-
ver brazing filler metal 22.

2. Clearance between the outer peripheral surface
of the ceramic heating element 6 and the inner pe-
ripheral surface of the metallic outer sleeve 8:

The force created by the capillary action in-
creases as the clearance is reduced.

3. Area of the end face 6a of the ceramic heating
element 6 or the area between the internal diameter
of the metallic outer sleeve 8 and the external di-
ameter of the electrode fitting 14:

As the proportion of the area of contact with the
ceramic having a reduced wettability with the
silver brazing filler metal 22 increases, the
overall wettability is reduced. On the contrary
when the proportion of the area of contact is
reduced, the overall wettability increases.

4. Material of silver brazing filler metal 22:

For the ceramic heater 9 which is used within
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the glow plug, the silver brazing filler metal may
melt during the time the glow plug produces
heat if the brazing temperature is equal to or
below 900°C. Accordingly, it is necessary that
the brazing temperature be at least equal to
900°C or higher. For this reason, the silver
brazing filler metal 22 is limited to one having a
silver content which is equal to or greater than
70% such as BAg-8 which has a silver content
from 71 to 73%.

[0032] Factors relating to the brazing operation are
listed below.

1. Quantity of silver brazing filler metal 22:

A minimum quantity of the silver brazing filler
metal 22 is determined from the need to
achieve a successful brazing operation in a re-
gion which is to be brazed. However, it is nec-
essary to confirm an influence which could re-
sult when a quantity in excess of the minimum
quantity is used.

2. Runs of brazing operation:

It is necessary to confirm what differences ap-
pear between the brazing operation in a single
run, namely, in which the brazing between the
ceramic heating element 6 and the metallic out-
ersleeve 8 and the brazing between the ceram-
ic heating element 6 and the electrode fitting 14
take place in one step, and the brazing opera-
tion in two runs, namely, in which the electrode
fitting 14 is initially brazed to the ceramic heat-
ing element 6 and then the ceramic heating el-
ement 6 is inserted into the metallic outer
sleeve to be brazed therewith.

[0033] A number of confirmation tests have been con-
ducted to consider the various factors mentioned above.
In a first confirmation test, the influence of the area of
the upper end face 6a of the ceramic heating element 6
is considered.

[0034] Test specimens includes the metallic outer
sleeve 8 which is formed of stainless steel SUS430 with
its surface Ni plated to a thickness on the order of 10 ,
the electrode fitting 14 which is formed of soft steel wire
material with its surface Ni plated to a thickness on the
order of 10 u, and the ceramic heating element 6 which
is formed of silicon nitride ceramics with a surface treat-
ment being applied to the inner surface of the electrode
fitting attachment opening 6b and a surface portion
which is to be brazed to the internal surface of the me-
tallic outer sleeve 8. The surface treatment comprises
applying an Ni paste to the surface portion to be brazed,
followed by metallizing or baking it at a temperature of
950°C to metallize the metal component (Ni) in the
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paste. The silver brazing filler metal 22 comprises BAg-
8 in the form of a wire weighing 0.3 gr. The quantity of
the silver brazing filler metal 22 is determined in a man-
ner such that when the brazing length between the ce-
ramic heating element 6 and the metallic outer sleeve 8
is 30 mm, the quantity which is required to fill the result-
ing clearance is incremented by 10%.

[0035] Sizes for the test specimens are such that for
the metallic outer sleeve 8, 15 values have been chosen
for the internal diameter in a range from ¢$2.0 to 4.8 mm
in increment of 0.2 mm, and ten values have been cho-
sen for the external diameter of the electrode fitting 14
in a range from ¢0.4 to 2.5 mm, namely, $0.4mm, 0.5
mm, 0.6 mm, 0.8 mm, 1.0 mm, 1.2 mm, 1. 5 mm, 1.8
mm, 2.0 mm and 2.5 mm. The clearance between the
internal diameter of the metallic outer sleeve 8 and the
external diameter of the ceramic heating element 6
measures 75 pon one side. The brazing length between
the metallic outer sleeve 8 and the ceramic heating el-
ement 6 is equal to 30 mm.

[0036] Above specimens are sequentially combined
to change the area of the upper end face of the ceramic
heating element 6 which is contacted by the silver braz-
ing filler metal 22 to perform a brazing operation, and a
confirmation is made to see if an electrical short-circuit
occurred between the metallic outer sleeve 8 and the
electrode fitting 14.

[0037] The test procedure comprises choosing a
combination of the specimens, namely, the ceramic
heating element 6, the metallic outer sleeve 8 and the
electrode fitting 14, disposing them on the brazing jig 20
in the manner illustrated in Fig. 2, placing the silver braz-
ing filler metal 22, heating the assembly to 900°C and
leaving it in a hydrogen ambient for 30 minutes to per-
form a brazing operation. In this manner, the brazing op-
eration takes place in a single step. Subsequently, the
occurrence of an electrical short-circuit between the me-
tallic outer sleeve 8 and the electrode fitting 14 is exam-
ined.

[0038] Test results are shown in Figs 5 and 6. Fig. 5
is a chartindicating the occurrence of an electrical short-
circuit between the metallic outer sleeve 8 and the elec-
trode fitting 14 after the brazing operation and any res-
idue of the silver brazing filler metal 22 on the upper end
face 6a of the ceramic heating element after the brazing
operation for various combinations of the metallic outer
sleeve 8 and the electrode fitting 14. Fig. 6 is a graphical
illustration of the test results. In these Figures, a circle
indicates the absence of a short-circuit and no residue
of the silver brazing filler metal 22 while X indicates the
occurrence of a short-circuit and a residue of the silver
brazing filler metal 22.

[0039] Results shown in Figs 5 and 6 can be summa-
rized as follows:
[0040] Forthe internal diameter (X) of the metallic out-

er sleeve which is in the range from ¢2.0mm to $4.8 mm
and the external diameter (Y) of the electrode fitting 14
in the range from $0.5 mm to ¢ 2.5 mm, it is confirmed
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that if the difference between the internal diameter of
the metallic outer sleeve 8 and the external diameter of
the electrode fitting 14 (X-Y) has a value which is equal
to or greater than 1.5 mm, there remains no silver braz-
ing filler metal 22 on the upper end face 6a of the ce-
ramic heating element 6 after the brazing operation, and
no short-circuit occurs between the electrode fitting 14
and the metallic outer sleeve 8. Conversely, for the dif-
ference (X-Y) which is less than 1.5 mm, there is a res-
idue of silver brazing filler metal 22 on the upper end
face 6a of the ceramic heating element 6, and the elec-
trode fitting 14 is short-circuited to the metallic outer
sleeve 8.

[0041] Analyzing the test results, it is considered that
for a difference (X-Y) between the internal diameter of
the metallic outer sleeve 8 and the external diameter of
the electrode fitting 14 which is less than 1.5 mm, the
proportion of the area of contact with the ceramic having
a very low affinity or wettability is reduced among the
total area of contact of the molten silver brazing filler
metal 22 disposed on the upper end face 6a of the ce-
ramic heating element 6 with the ceramic heating ele-
ment 6, the metallic outer sleeve 8 and the electrode
fitting 14, whereby the overall wettability increases. As
a consequence, the high wettability produces a force
which tends to maintain the silver brazing filler metal 22
in position, overcoming the effect of the capilary action
or the absorbing power produced by the wettability
which tends to withdraw the silver brazing filler metal
into the clearance between the ceramic heating element
6 and the metallic outer sleeve 8, preventing the molten
silver brazing filler metal 22 from being withdrawn into
the clearance and thus allowing it to remain on the upper
end face 6a.

[0042] When the difference (X-Y) between the inter-
nal diameter of the metallic outer sleeve 8 and the ex-
ternal diameter of the electrode fitting 14 is equal to or
greater than 1.5 mm, the area of contact of the ceramic
heating element 6 with the silver brazing filler metal 22
occupies a greater proportion among the total area of
contact, thus reducing the overall wettability. As a con-
sequence, the absorbing power which tends to withdraw
the silver brazing filler metal into the clearance over-
comes the effect of the wettability, withdrawing the mol-
ten silver brazing filler metal 22 into the clearance and
preventing it from remaining on the upper end face 6a
of the ceramic heating element 6.

[0043] A second confirmation test is made to see the
influence of the surface treatment applied to the metallic
outer sleeve 8 and the ceramic heating element 6.
[0044] Test specimens for the second confirmation
test comprises the metallic outer sleeves 8 including
samples subject to the same surface treatment by Ni
plating as mentioned above in connection with the first
confirmation test and samples (of stainless steel
SUS430) without the surface treatment, and the ceramic
heating elements 6 including samples which are metal-
lized with the same Ni paste as used in the first confir-
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mation test and samples formed with glass films. It is to
be understood that when a glass film is provided, no sur-
face treatment is applied to an area of the upper end
face 6a of the ceramic heating element 6 which is not
subject to a brazing operation. No film is formed on the
area which passes the current flow.

[0045] Sizes for the test specimens are an internal di-
ameter of ¢ 2.6 mm for the metallic outer sleeve and four
external diameters of ¢ 0.8 mm, 1.0 mm, 1.2 mm and
1.5 mm for the electrode fitting 14. These test speci-
mens are tested in the same manner as in the first con-
firmation test.

[0046] Results of the second confirmation test are
shown in Fig. 7. As indicated, no difference over results
of the first confirmation test is recognized depending on
the presence or absence or the variety of the surface
treatment applied to the test specimens. It is seen that
a change in the surface treatment according to the sec-
ond confirmation test does not have any influence upon
the results obtained in the first confirmation test, and
when the difference (X-Y) between the internal diameter
of the metallic outer sleeve 8 and the electrode fitting 14
is equal to or greater than 1.5 mm, there remains no
silver brazing filler metal 22 on the upper end face 6a of
the ceramic heating element 6 after the brazing opera-
tion, and accordingly, without causing any short-circuit
between the electrode fitting 14 and the metallic outer
sleeve 8.

[0047] When no surface treatment is applied to the
metallic outer sleeve 8, its wettability with the silver braz-
ing filler metal 22 is reduced, but a reduction in the wet-
tability caused by the absence of the surface treatment
does not have a manifest influence. With respect to the
surface treatment of the ceramic heating element 6, pro-
viding a glass film thereon results in no difference as
compared with the metallization of Ni paste. Obviously
when no surface treatment is applied to an area of the
ceramic heating element 6 which is to be silver brazed,
the wettability is greatly reduced. Accordingly, no test
has been conducted inasmuch as there can be no flow
of the silver brazing filler metal 22 into the clearance be-
tween the metallic outer sleeve 8 and the ceramic heat-
ing element 6 under such circumstance.

[0048] A third confirmation test has been conducted
to see the influence of the material and the quantity of
the silver brazing filler metal 22. The test specimens for
the third confirmation test comprises the same as the
specimens used in the first confirmation test. To provide
different test specimens, BAg-8 and a silver brazing filler
metal having a silver content from 95 to 97 % are used
for the silver brazing filler metal 22. The quantity of the
silver brazing filler metal 22 is in two varieties of 0.5 gr
and 0.8 gr, both of which are greater than the quantity
used in the first confirmation test.

[0049] The testing procedure remains the same as in
the first confirmation test. When the silver brazing filler
metal 22 having a silver content from 95 to 97 % is used,
the brazing temperature is chosen to be 950°C.
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[0050] Test result of the third confirmation test are
shown in Fig. 8. As indicated, no difference over the re-
sults obtained in the first confirmation test is found de-
pending on the material and the quantity of the silver
brazing filler metal 22, and thus, the test results indicate
that there is no influence upon the results obtained in
the first confirmation test. Considering the results of the
third confirmation test, itis considered that if the quantity
of the silver brazing filler metal 22 is chosen to be in
excess of that which is required to fill the clearance be-
tween the ceramic heating element 6 and the metallic
outer sleeve 8, as the molten silver brazing filler metal
22 begins to flow into the clearance, an excess amount
of the silver brazing filler metal 22 flows out of the lower
opening of the clearance. Thus, an increase in the quan-
tity of the silver brazing filler metal 22 used has no influ-
ence upon the results. It will be understood that the frac-
tion of the silver brazing filler metal 22 which has flown
downward of the clearance rises through the clearance
between the outer peripheral surface of the metallic out-
er sleeve 8 and the brazing jig 20 by capillary action to
be attached to the outer peripheral surface of the me-
tallic outer sleeve 8. Because the ceramic heating ele-
ment 6 and the brazing jig 20 has a low wettability with
the silver brazing filler metal 22, the silver brazing filler
metal 22 is attached to the outer peripheral surface of
the metallic outer sleeve 8.

[0051] A fourth confirmation test is made to see an
influence of the size of the clearance between the ce-
ramic heating element 6 and the metallic outer sleeve
8. The test specimens for the fourth confirmation test
comprises the same specimens as used in the first con-
firmation test. To provide different specimens, the inter-
nal diameter of the metallic outer sleeve 8 is chosen to
be ¢ 2.6 mm, and the clearance (on one side) between
the internal surface of the metallic outer sleeve 8 and
the external surface of the ceramic heating element 6 is
chosen to be 50 p and 100 p, which represent a clear-
ance less than and greater than the clearance used in
the first confirmation test (75 ). The testing procedure
remains the same as in the first confirmation test.
[0052] Results of the fourth confirmation test are
shown in Fig. 9. As indicated, no difference over the re-
sults obtained by the first confirmation test is found if the
size of the clearance between the metallic outer sleeve
8 and the ceramic heating element 6 is changed, and
thus the test results indicate that there is no influence
upon the results obtained in the first confirmation test.
This is considered to be attributable to the fact that the
clearance in a range (50 p to 100 p) used in the fourth
confirmation test does not cause any significant change
in the force produced by the capillary action, and ac-
cordingly has no influence upon the results of the first
confirmation test.

[0053] Finally, a fifth confirmation test is made to see
the influence of performing the brazing operation in one
run or two runs. Test specimens for the fifth confirmation
test comprises the same specimens as used in the first
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confirmation test. The metallic outer sleeve 8 has an in-
ternal diameter ¢ 2.6 mm. The testing procedure com-
prises the same procedure as used during the first con-
firmation test when the brazing operation takes place in
one run, and when the brazing operation takes place in
two runs, the distal end of the electrode fitting 14 is ini-
tially inserted into the electrode fitting attachment open-
ing 6b formed in the end face of the ceramic heating
element 6 to perform a brazing operation, and then the
metallic outer sleeve 8 and the ceramic heating element
6 are then loaded on the brazing jig 20 to perform a braz-
ing operation in the similar manner as conducted during
the first confirmation test.

[0054] Test results of the fifth confirmation test are
shown in Fig. 10. As indicated, no difference is noted
between the one run and the two run brazing operation,
and thus the test results indicate that there is no influ-
ence upon the results obtained during the first confirma-
tion test.

During the two run brazing operation, if the electrode
fitting 14 is initially brazed to the ceramic heating ele-
ment 16, the amount of the silver brazing filler metal 22
required to braze the electrode fitting 14 represents a
reduced proportion with respect to the total quantity of
the silver brazing filler metal 22 required, and it is con-
sidered that this explains why no influence appeared by
the two run blazing operation.

[0055] To summarize the results of the five confirma-
tion tests, it is concluded that when the metallic outer
sleeve has an internal diameter (X) in a range from ¢
2.0 mm to ¢$4.8 mm, the electrode fitting 14 has an ex-
ternal diameter (Y) in a range from ¢ 0.4 mm to 2.5 mm,
and the difference (X-Y) between the internal diameter
(X) of the metallic outer sleeve 8 and the external diam-
eter (Y) of the electrode fitting 14 is equal to or greater
than 1. 5 mm, there remains no silver brazing filler metal
on the upper end face 6a of the ceramic heating element
6 and no electrical short-circuit occurs between the elec-
trode fitting 14 and the metallic outer sleeve 8 upon com-
pletion of the brazing operation.

[0056] When the metallic outer sleeve 8 comprises
stainless steel SUS430 with Ni plating or stainless steel
SUS430 without surface treatment and the surface
treatment of the ceramic heating element 6 is such that
it is applied with an Ni paste which is subsequently met-
allized or it is provided with a glass film, it is concluded
that the presence or absence of the surface treatment
or a change in the surface treatment does not influence
the test result obtained when the difference (X-Y) be-
tween the internal diameter (X) of the metallic outer
sleeve and the external diameter (Y) of the electrode
fitting 14 is equal to or greater than 1.5 mm. Because
there is no influence upon the test results, if the metallic
outer sleeve 8 is left without a surface treatment, it is
seen that it is sufficient for the purpose of the present
invention that a wettability or the affinity comparable to
that of the stainless steel can be secured. The same is
true when the silver brazing filler metal 22 has a silver
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content equal to or greater than 70 % and when the
clearance between the outer peripheral surface of the
ceramic heating element 6 and the inner peripheral sur-
face of the metallic outer sleeve 8 is chosen in a range
from 50 to 100 p.

[0057] As discussed above, a ceramic heater glow
plug according to the present invention comprises a ce-
ramic heater including a ceramic heating element, an
end of which is silver brazed to an electrode fitting and
which is also silver brazed to a metallic outer sleeve un-
der a condition that the end of the ceramic heating ele-
ment brazed to the electrode fitting is contained inside
the sleeve, with an internal diameter X of the metallic
outer sleeve and an external diameter Y of the electrode
fitting being chosen to satisfy the relationship X-Y =1.5
mm. In this manner, any residue of silver brazing filler
metal on the end face of the ceramic heating element
between the metallic outer sleeve and the electrode fit-
ting after the silver brazing operation is avoided, and the
occurrence of an electrical short-circuit between the me-
tallic outer sleeve and the electrode fitting is also avoid-
ed.

[0058] A method of manufacturing a ceramic heater
glow plug according to Claim 10 employs a single run
of the brazing operation to cement the ceramic heating
element and the electrode fitting together and to cement
the ceramic heating element and the metallic outer
sleeve together, thus allowing a brazing operation of a
high quality to be completed in one step to enable a sub-
stantial cost reduction.

Claims

1. A ceramic heater glow plug comprising a ceramic
heater including a ceramic heating element (6), an
electrode fitting (14) connected to the ceramic heat-
ing element within an end thereof, and a metallic
outer sleeve (8) secured to the ceramic heating el-
ement (6) under a condition that the end of the ce-
ramic heating element (6) connected to the elec-
trode fitting (14) is contained inside the metallic out-
er sleeve (8), the ceramic heating element (6) and
the electrode fitting (14) as well as the ceramic heat-
ing element (6) and the metallic outer sleeve (8) be-
ing cemented together by brazing operations,

characterized by the relationship of Y < X -
1.5 mm, where X represents an internal diameter of
the metallic outer sleeve (8) and Y an external di-
ameter of the electrode fitting (14).

2. Aceramic heater glow plug according to Claim 1, in
which the internal diameter X of the metallic outer
sleeve (8) and the external diameter Y of the elec-
trode fitting (14) satisfies the relationships of g 2.5
mm=Y>2g04mm,and24.8mm=>X=>g 2.0 mm.

3. A ceramic heater glow plug according to Claim 1 or
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10.

2, in which the metallic outer sleeve (8) and the elec-
trode fitting (14) are formed of materials having a
high affinity with a silver brazing filler metal (22) or
are treated to increase the affinity with the silver
brazing filler metal (22) in a region where they are
brazed to the ceramic heating element (6).

A ceramic heater glow plug according to Claim 3, in
which the metallic outer sleeve (8) comprises Ni al-
loy or is surface treated by an Ni plating.

A ceramic heater glow plug according to Claim 3, in
which the electrode fitting (14) is formed of an Ni
wire or is surface treated by an Ni plating.

A ceramic heater glow plug according to one of
Claims 1 to 5, in which the ceramic heating element
(6) comprises a silicon nitride ceramic and is treated
to increase the affinity with the silver brazing filler
metal (22) in regions where it is to be brazed to the
metallic outer sleeve (8) and the electrode fitting
(14).

A ceramic heater glow plug according to Claim 6, in
which a region of the ceramic heating element (6)
which is to be brazed is metallized by Ni.

A ceramic heater glow plug according to one of
Claims 1 to 7, in which the silver brazing filler metal
(22) comprises a wire material having a silver con-
tent equal to or greater than 70%.

A ceramic heater glow plug according to one of
Claims 1 to 8, in which the clearance between the
external surface of the ceramic heating element (6)
and the internal surface of the metallic outer sleeve
(8) is in a range from 50 to 100 p.

A method of manufacturing a ceramic heater glow
plug, comprising the step of providing a ceramic
heater including a ceramic heating element (6), an
electrode fitting (14) connected to the ceramic heat-
ing element (6) within an end thereof, and a metallic
outer sleeve (8) secured to the ceramic heating el-
ement (6) under a condition that the end of the ce-
ramic heating element (6) connected to the elec-
trode fitting (14) is contained inside the metallic out-
er sleeve (8), the ceramic heating element (6) and
the electrode fitting (14) as well as the ceramic heat-
ing element (6) and the metallic outer sleeve (8) be-
ing cemented together by brazing operations,

characterized by the relationship of Y < X -
1.5 mm, where X represents an internal diameter of
the metallic outer sleeve (8) and Y an external di-
ameter of the electrode fitting (14),

wherein the ceramic heating element (6) and
the electrode fitting (14) as well as the ceramic heat-
ing element (6) and the metallic outer sleeve (8) are
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cemented together in one run brazing operation.

A method of manufacturing a ceramic heater glow
plug, comprising the step of providing a ceramic
heater including a ceramic heating element (6), an
electrode fitting (14) connected to the ceramic heat-
ing element (6) within an end thereof, and a metallic
outer sleeve (8) secured to the ceramic heating el-
ement (6) under a condition that the end of the ce-
ramic heating element (6) connected to the elec-
trode fitting (14) is contained inside the metallic out-
er sleeve (8), the ceramic heating element (6) and
the electrode fitting (14) as well as the ceramic heat-
ing element (6) and the metallic outer sleeve (8) be-
ing cemented together by brazing operations,

characterized by the relationship of Y < X -
1.5 mm, where X represents an internal diameter of
the metallic outer sleeve (8) and Y an external di-
ameter of the electrode fitting (14),

wherein the ceramic heating element (6) and
the electrode fitting (14) are cemented together by
a silver brazing operation, followed by cementing
the ceramic heating element (6) and the metallic
outer sleeve (8) by a silver brazing operation.

Patentanspriiche

1.

Keramikheizer-Glihkerze mit einem Keramikheizer
einschliellich eines keramischen Heizelements
(6), einem mit dem keramischen Heizelementinner-
halb eines Endes dieses keramischen Heizele-
ments verbundenen Elektrodenpassstiick (14) so-
wie einer metallischen duferen Hiilse (8), die an
dem keramischen Heizelement (6) unter der Bedin-
gung gesichert ist, dass das Ende des keramischen
Heizelements (6), welches mit dem Elektroden-
passstick (14) verbunden ist, sich innerhalb der
metallischen aueren Hulse (8) befindet, wobei das
keramische Heizelement (6) und das Elektroden-
passstiick (14) sowie das keramische Heizelement
(6) und die metallische duRere Hiilse (8) durch Lot-
vorgange zusammenzementiert sind,

gekennzeichnet durch die Beziehung Y < X
- 1,5 mm, wobei X fir einen Innendurchmesser der
metallischen auleren Hilse (8) steht und Y fir ei-
nen AuRBendurchmesser des Elektrodenpassstlicks
(14).

Keramikheizer-Gliihkerze nach Anspruch 1, bei
welcher der Innendurchmesser X der metallischen
auleren Hilse (8) und der AuRendurchmesser Y
des Elektrodenpassstiicks (14) die Beziehungen &
2,5mm > d 0,4 mm sowie 4.8 mm =@ 2,0 mm
erfiillen.

Keramikheizer-Gliihkerze nach Anspruch 1 oder 2,
bei welcher die metallische auere Hulse (8) und
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das Elektrodenpassstlick (14) aus Materialien mit
einer hohen Affinitdt zu einem Silberl6tfullmetall
(22) ausgebildet sind oder so behandelt sind, dass
ihre Affinitdt zu diesem Silberl6tfillmetall (22) er-
héht ist, und zwar in einem Bereich, wo sie mit dem
keramischen Heizelement (6) verlétet sind.

Keramikheizer-Gliihkerze nach Anspruch 3, bei
welcher die metallische duRere Hilse (8) eine Nik-
kellegierung aufweist oder ihre Oberflache mit einer
Nickelbeschichtung behandelt ist.

Keramikheizer-Gliihkerze nach Anspruch 3, bei
welcher das Elektrodenpassstlck (14) aus einem
Nickeldraht gebildet ist oder seine Oberflache mit
einer Nickelbeschichtung behandelt ist.

Keramikheizer-Glihkerze nach einem der Ansprii-
che 1 bis 5, bei welcher das keramische Heizele-
ment (6) eine Siliziumnitritkeramik aufweist und so
behandelt ist, dass seine Affinitdt zu dem Silberl6t-
fullmetall (22) in Bereichen erhéht ist, wo es mit der
metallischen duReren Hiilse (8) und dem Elektro-
denpassstlick (14) zu verloten ist.

Keramikheizer-Gliihkerze nach Anspruch 6, bei
welcher ein Bereich des keramischen Heizele-
ments (6), welcher zu verldten ist, mit Nickel metal-
lisiert ist.

Keramikheizer-Gliihkerze nach einem der Ansprii-
che 1 bis 7, bei welcher das Silberlétfilllmetall (22)
ein Drahtmaterial mit einem Silberanteil von zumin-
dest 70% aufweist.

Keramikheizer-Glihkerze nach einem der Ansprii-
che 1 bis 8, bei welcher der Zwischenraum zwi-
schen der Aulienflache des keramischen Heizele-
ments (6) und der Innenflache der metallischen &u-
Reren Hilse (8) in einem Bereich von 50 bis 100 p
liegt.

Verfahren zur Herstellung einer Keramikheizer-
Gluhkerze, bei welchem ein keramischer Heizer
vorgesehen wird einschlieRlich eines keramischen
Heizelements (6), einem mit dem keramischen Hei-
zelement innerhalb eines Endes dieses kerami-
schen Heizelements verbundenen Elektroden-
passstiick (14) sowie einer metallischen duleren
Hilse (8), die an dem keramischen Heizelement (6)
unter der Bedingung gesichert ist, dass das Ende
des keramischen Heizelements (6), welches mit
dem Elektrodenpassstuick (14) verbunden ist, sich
innerhalb der metallischen auReren Hilse (8) befin-
det, wobei das keramische Heizelement (6) und das
Elektrodenpassstiick (14) sowie das keramische
Heizelement (6) und die metallische auRere Hiilse
(8) durch Létvorgange zusammenzementiert sind,
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gekennzeichnet durch die Beziehung Y < X
- 1,5 mm, wobei X einen Innendurchmesser der me-
tallischen dufieren Hiilse (8) darstellt und Y einen
AuBlendurchmesser des Elektrodenpasssticks
(14),

wobei das keramische Heizelement (6) und
das Elektrodenpassstiick (14) sowie das kerami-
sche Heizelement (6) und die metallische auere
Hulle (8) in einem einzigen Durchlauf eines Ltvor-
gangs zusammenzementiert werden.

Verfahren zur Herstellung einer Keramikheizer-
Gluhkerze, bei welchem ein keramischer Heizer
vorgesehen wird einschliellich eines keramischen
Heizelements (6), einem mit dem keramischen Hei-
zelement innerhalb eines Endes dieses kerami-
schen Heizelements verbundenen Elektroden-
passstiick (14) sowie einer metallischen aulleren
Hilse (8), die an dem keramischen Heizelement (6)
unter der Bedingung gesichert ist, dass das Ende
des keramischen Heizelements (6), welches mit
dem Elektrodenpassstiick (14) verbunden ist, sich
innerhalb der metallischen auReren Hiilse (8) befin-
det, wobei das keramische Heizelement (6) und das
Elektrodenpassstiick (14) sowie das keramische
Heizelement (6) und die metallische duliere Hilse
(8) durch Létvorgange zusammenzementiert sind,

gekennzeichnet durch die Beziehung Y < X
- 1,5 mm, wobei X einen Innendurchmesser der me-
tallischen auReren Hilse (8) darstellt und Y einen
AuBendurchmesser des Elektrodenpassstiicks
(14),

wobei das keramische Heizelement (6) und
das Elektrodenpassstiick (14) mittels eines Silber-
I6tvorgangs zusammenzementiert werden, gefolgt
von dem Zusammenzementieren des keramischen
Heizelements (6) und der metallischen aulleren
Hulse (8) mittels eines Silberlétvorgangs.

Revendications

Bougie de préchauffage a élément de chauffage en
céramique comprenant un élément de chauffage en
céramique incluant un élément chauffant en céra-
mique (6), un raccord d'électrode (14) relié a I'élé-
ment chauffant en céramique dans une extrémité
de celui-ci, et un manchon extérieur métallique (8)
fixé a I'élément chauffant en céramique (6) dans un
état dans lequel I'extrémité de I'élément chauffant
en céramique (6) reliée au raccord d'électrode (14)
est contenue a l'intérieur du manchon extérieur mé-
tallique (8), I'élément chauffant en céramique (6) et
le raccord d'électrode (14) de méme que I'élément
chauffant en céramique (6) et le manchon extérieur
métallique (8) étant scellés par des opérations de
brasage,

caractérisée par la relation Y < X - 1,5 mm,
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ou X représente un diametre interne du manchon
extérieur métallique (8) et Y représente un diamétre
externe du raccord d'électrode (14).

Bougie de préchauffage a élément de chauffage en
céramique selon la revendication 1, dans laquelle
le diametre interne X du manchon extérieur métal-
lique (8) et le diamétre externe Y du raccord d'élec-
trode (14) satisfont la relationde @2,5mm=>Y >0
0,4mm,etd4,8mm=X=>0 2,0 mm.

Bougie de préchauffage a élément de chauffage en
céramique selon la revendication 1 ou 2, dans la-
quelle le manchon extérieur métallique (8) et le rac-
cord d'électrode (14) sont formés a partir de mateé-
riaux ayant une haute affinité avec un métal d'ap-
port pour brasage a I'argent (22) ou sont traités pour
augmenter ['affinité avec le métal d'apport pour
brasage a l'argent (22) dans une région ou ils sont
brasés a I'élément chauffant en céramique (6).

Bougie de préchauffage a élément de chauffage en
céramique selon la revendication 3, dans laquelle
le manchon extérieur métallique (8) comprend un
alliage de Ni ou est traité en surface par un placage
au Ni.

Bougie de préchauffage a élément de chauffage en
céramique selon la revendication 3, dans laquelle
le raccord d'électrode (14) est formé d'un fil de Ni
ou est traité en surface par un placage au Ni.

Bougie de préchauffage a élément de chauffage en
céramique selon l'une des revendications 1 a 5,
dans laquelle I'élément chauffant en céramique (6)
comprend une céramique de nitrure de silicium et
est traité pour l'augmentation de I'affinité avec le
métal d'apport pour brasage a l'argent (22) dans
des régions ou il doit étre brasé au manchon exté-
rieur métallique (8) et au raccord d'électrode (14).

Bougie de préchauffage a élément de chauffage en
céramique selon la revendication 6, dans laquelle
une région de I'élément chauffant en céramique (6)
qui doit étre brasée est métallisée par du Ni.

Bougie de préchauffage a élément de chauffage en
céramique selon l'une des revendications 1 a 7,
dans laquelle le métal d'apport pour brasage a I'ar-
gent (22) comprend un matériau de fil ayant une te-
neur en argent supérieure ou égale a 70 %.

Bougie de préchauffage a élément de chauffage en
céramique selon l'une des revendications 1 a 8,
dans laquelle I'espace entre la surface externe de
I'élément chauffant en céramique (6) et la surface
interne du manchon extérieur métallique (8) se si-
tue dans la plage de 50 a 100 p.



21 EP 1 303 728 B1

10. Procédé de fabrication d'une bougie de préchauf-

1.

fage a élément de chauffage en céramique, com-
prenant I'étape consistant a fournir un élément de
chauffage en céramique comprenant un élément
chauffant en céramique (6), un raccord d'électrode
(14) relié a I'élément chauffant en céramique (6) a
I'intérieur d'une extrémité de celui-ci, et un man-
chon extérieur métallique (8) fixé a I'élément chauf-
fant en céramique (6) dans un état ou I'extrémité de
I'élément chauffant en céramique (6) reliée au rac-
cord d'électrode (14) est contenue a l'intérieur du
manchon extérieur métallique (8), I'élément chauf-
fant en céramique (6) et le raccord d'électrode (14)
de méme que I'élément chauffant en céramique (6)
et le manchon extérieur métallique (8) étant scellés
par des opérations de brasage,

caractérisé par la relation Y < X - 1,5 mm,
ou X représente un diametre interne du manchon
extérieur métallique (8) et Y représente un diamétre
externe du raccord d'électrode (14),

ou |'élément chauffant en céramique (6) et le
raccord d'électrode (14) de méme que I'élément
chauffant en céramique (6) et le manchon extérieur
métallique (8) sont scellés par une opération de
brasage en une passe.

Procédé de fabrication d'une bougie de préchauf-
fage a élément de chauffage en céramique, com-
prenant I'étape consistant a fournir un élément de
chauffage en céramique comprenant un élément
chauffant en céramique (6), un raccord d'électrode
(14) relié a I'élément chauffant en céramique (6) a
l'intérieur d'une extrémité de celui-ci, et un man-
chon extérieur métallique (8) fixé a I'élément chauf-
fant en céramique (6) dans un état ou I'extrémité de
I'élément chauffant en céramique (6) reliée au rac-
cord d'électrode (14) est contenue a l'intérieur du
manchon extérieur métallique (8), I'élément chauf-
fant en céramique (6) et le raccord d'électrode (14)
de méme que I'élément chauffant en céramique (6)
et le manchon extérieur métallique (8) étant scellés
par des opérations de brasage,

caractérisé par la relation Y < X - 1,5 mm,
ou X représente un diamétre interne du manchon
extérieur métallique (8) et Y représente un diamétre
externe du raccord d'électrode (14),

ou l'élément chauffant en céramique (6) et le
raccord d'électrode (14) sont scellés par une opé-
ration de brasage a l'argent, suivie par un scelle-
ment de I'élément chauffant en céramique (6) et du
manchon extérieur métallique (8) par une opération
de brasage a l'argent.
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