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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to a
glow plug which is designed to preheat an auxiliary
chamber of a diesel engine for assuring quick starting,
and more particularly to an extended life of a heating
coil arrangement for such a glow plug.

BACKGROUND ART

[0002] A glow plug is well known in the art as a pre-
heating element serving to heat a diesel engine above
a self-starting temperature during a starting mode of en-
gine operation. Shortening a heating time period of the
glow plug makes it possible to start the diesel engine
quickly.

[0003] Japanese Patent First Publication No.
2-110212 discloses a glow plug including a filament type
resistance wire element disposed in a heat-resistant in-
sulating material with which a plug tube is filled. The re-
sistance wire element is formed with a plurality of resist-
ant filaments, each having different chemical composi-
tions, welded in series with each other. The plurality of
resistant filaments include first, second, and third coils.
The first coil is made of a Fe-Cr-Al alloy. The second
coil is made of a 75Wt%Co-25Wt%Fe alloy. The third
coil is made of a 92Wt%Co-8Wt%Fe alloy.

[0004] The above prior art glow plug, however, has
suffered from a drawback in that a sudden change in
temperature under severe operational conditions such
as quick heating causes the resistance wire element to
expand and contract, resulting in wire breakage.
[0005] This wire breakage is found to be caused by
the second coil. The 75Wt%Co-25Wt%Fe (74At%Co-
26At%Fe) alloy used in the second coil, as shown in Fig.
6, has an o/y transformation point in the vicinity of
800°C. Therefore, due to heating of the second coil dur-
ing the engine starting operation and combustion in the
engine, the temperature of the second coil will pass re-
peatedly through the a/y transformation point, resulting
in a change in volume to create a strain on the second
coil. This causes the second coil to be broken.

[0006] In order to avoid the above drawback, the in-
ventors of this application have proposed an arrange-
ment wherein the first coil consists of a Fe-Cr-Al alloy
and the second coil is made of a 92Wt%Co-BWt%Fe
alloy in view of the fact that they have a rate of change
in resistance which is smaller than that of the75Wt%Co-
25Wt%Fe alloy, but greater than that of Fe or Ni com-
monly used in the art, and do not have the a/y transfor-
mation point. Experiments were conducted with respect
to a glow plug formed with the first coil and the second
coil thus constructed. The experiments show that the
glow plug provides quicker heating but remains indicat-
ing a short life (see the second comparative example
C2in Fig. 4).
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[0007] Additionally, upon checking the life-tested glow
plugs, as constructed above, it was found that a wire-
breakage existed in a welded connection between the
first and second coils for the following reasons. Since
the content of Fe in the Fe-Cr-Al alloy of the first coil is
70W1t% and the content of Fe in the second coil is 8Wt%,
a Fe-Co weight ratio of the welded connection shows
78:92 (i.e., atomic percentage ratio of 47: 53), the weld-
ed connection, as is clear from Fig. 6, has the a/y trans-
formation point. Therefore, the volume of the welded
connection is subject to change due to coil heating and
combustion heating of the engine, resulting in a strain
on the welded connection, causing wire-breakage to oc-
cur prematurely.

[0008] The DE-A-40 10 479 describes an electric re-
sistance element for its use in a glow plug for an internal
combustion engine, which glow plug comprises a hous-
ing, a heater tube extending from an end of the housing,
and an insulating member arranged in the heater tube,
the resistance element comprising a first resistance el-
ement having a given electric resistance and a second
resistance element connected in series with the first re-
sistance element, the second resistance element hav-
ing a resistance temperature coefficient positively high-
er than that of the first resistance element and providing
a function of regulating a current to the first resistance
element, wherein the second resistance is made of a
Co-Fe alloy whose compositions fall in a range where a
change in phase from a body-centered cubic lattice ar-
rangement to a face-centered cubic lattice arrangement
does not occur and a change in phase from a close-
packed hexagonal lattice arrangement to the face-cen-
tered cubic lattice arrangement does not occur even
when the second resistance element is subjected to a
temperature change from a given room temperature to
1000 °C, and wherein the first resistance element is
welded at its end to an end of the second resistance
element to form a connection therebetween which in-
cludes part of material forming the first resistance ele-
ment and part of the Co-Fe alloy forming the second re-
sistance element.

SUMMARY OF THE INVENTION

[0009] Itis therefore a principal object of the present
invention to avoid the disadvantages of the prior art.
[0010] It is another object of the present invention to
provide an extended service life of a glow plug for pre-
heating a diesel engine.

[0011] These objects are solved by the present inven-
tion by providing an electric resistance element as spec-
ified in claim 1, and by providing a glow plug as specified
in claim 5.

[0012] According to one aspect of the present inven-
tion, there is provided an electric resistance element
which comprises a first resistance element having a giv-
en electric resistance and a second resistance element,
connected in series with the first resistance element,
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having a resistance temperature coefficient positively
higher than that of the first resistance element and pro-
viding a function of modifying a current to the first resist-
ance element. The second resistance element is made
of a Co-Fe alloy whose compositions fall in a range
where a change in phase from a body-centered cubic
lattice arrangement to a face-centered cubic lattice ar-
rangement does not occur and a change in phase from
a close-packed hexagonal lattice arrangement to the
face-centered cubic lattice arrangement does not occur
even when the second resistance element is subjected
to a temperature change from a given room temperature
to 1000°C. The first resistance element is welded at its
end to an end of the second resistance element to form
a connection therebetween which consists of part of ma-
terial forming the first resistance element and part of the
Co-Fe alloy forming the second resistance element, the
material forming the first resistance element being so
selected as to prevent compositions of the Co-Fe alloy
in the connection from changing in phase from the body-
centered cubic lattice arrangement to the face-centered
cubic lattice arrangement and from the close-packed
hexagonal lattice arrangement to the face-centered cu-
bic lattice arrangement. Thus, the composition of the
Co-Fe alloy in the connection is defined by a Fe content
of 5 to 22 At.% by selecting the material forming said
first resistance element such that a change in phase of
the composition of the Co-Fe alloy in the connection
from the body-centered cubic lattice arrangement to the
face-centered cubic lattice arrangement and from the
close-packed hexagonal lattice arrangement to the
face-centered cubic lattice arrangement does not occur
at temperatures from a given room temperature to
1000°C.

[0013] In the preferred mode, the second resistance
element contains 78At% to 95At% of Co and a remain-
ing content of Fe. The first resistance element is made
of a Ni-Cr alloy.

[0014] The Fe-Cr-Al alloy of the first resistance ele-
ment has a Fe content of 68Wt% to 72Wt%. The Co-Fe
alloy of the second coil has a Fe content of 7W% to
9W1t%. The volume ratio of the second to first resistance
elements in a connection therebetween lies in a range
from 1:0.15 to 1:0.25.

[0015] According to another aspect of the present in-
vention, there is provided a glow plug for an internal
combustion engine which comprises a housing, a heater
tube extending from an end of the housing, an insulating
member arranged in the heater tube, and a resistance
element. The resistance element includes at least two
elements: a heating element and a regulating element
connected in series with each other. The regulating el-
ement is electrically arranged upstream from the heat-
ing element. The regulating element assumes a positive
resistance temperature coefficient higher than that of
the heating element for regulating a current flowing to
the heating element. The regulating element is made of
a Co-Fe alloy whose compositions fall in a range where
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a change in phase from a body-centered cubic lattice
arrangement to a face-centered cubic lattice arrange-
ment does not occur and a change in phase from a
close-packed hexagonal lattice arrangement to the
face-centered cubic lattice arrangement does not occur
even when the second resistance element is subjected
to a temperature change from a given room temperature
to 1000°C. The heating element is welded at its end to
an end of the regulating element to form a connection
therebetween which includes material of which the first
resistance element is made and the Co-Fe alloy forming
the regulating element. The material forming the heating
elementis so selected as to prevent compositions of the
Co-Fe alloy in the connection from changing in phase
from the body-centered cubic lattice arrangement to the
face-centered cubic lattice arrangement and from the
close-packed hexagonal lattice arrangement to the
face-centered cubic lattice arrangement. Thus, the com-
position of the Co-Fe alloy in the connection is defined
by a Fe content of 5 to 22 At.% by selecting the material
forming said first resistance element such that a change
in phase of the composition of the Co-Fe alloy in the
connection from the body-centered cubic lattice ar-
rangement to the face-centered cubic lattice arrange-
ment and from the close-packed hexagonal lattice ar-
rangement to the face-centered cubic lattice arrange-
ment does not occur at temperatures from a given room
temperature to 1000°C.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The presentinvention will be understood more
fully from the detailed description given hereinbelow and
from the accompanying drawings of the preferred em-
bodiment of the invention.

[0017] In the drawings:

Fig. 1 is a cross-sectional view which shows a glow
plug according to the present invention.

Fig. 2illustrates a connection between first and sec-
ond coils of a heating coil of a glow plug.

Fig. 3 illustrates energizing testing conditions for
testing the life of a glow plug.

Fig. 4 is a table which shows the test results of glow
plugs performed under the conditions, as shown in
Fig. 3.

Fig. 5is a graph which shows temperature rise char-
acteristics of a glow plug.

Fig. 6 is a graph which shows the relation between
a Co-Fe ratio of an alloy forming a second coil and
a transformation temperature.

Fig. 7 is a graph which shows the relation between
temperature and a resistance change rate of an al-
loy forming a heating coil.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018] Referring now to the drawings, wherein like
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numbers refer to like parts in several views, particularly
to Fig. 1, there is shown a glow plug 9 according to the
present invention which is commonly used in internal
combustion engine such as a diesel engine to provide
additional heat required for insuring quicker starting.
[0019] The glow plug 9 includes generally a housing
7, a heater tube 90 partially inserted into the housing 7,
and a heating coil 1 disposed within an insulating mem-
ber 2 provided in the heating tube 90. The heating coil
1 is formed of a resistant filament including a first coil 11
serving as a heating element and a second coil 12 func-
tioning as a regulating element for regulating a current
flowing to the first coil. The first and second coils are
connected in series by an arc welding process to form
a welded connection 120.

[0020] The first coil 11 is made of a Ni-Cr alloy which
contains Ni of 80Wt% and Cr of 20Wt%. The second coil
12 is made of a Co-Fe alloy which contains Co of 92Wt%
and Fe of 8Wt%. The Co-Fe alloy represents a rate of
change in resistance (i.e., a resistance temperature co-
efficient) of about 13 in a range from the room temper-
ature to 1000°C. This value, as can be seen in Fig. 8, is
greater than those of Fe, Ni, and the first coil 11. It is
desired that the Fe content of the second coil 12 fall in
a range from 5At% to 22At%. When the Fe content is
less than 5At%, it will cause the ¢/y transformation to
occur, resulting in a change in volume. Alternatively,
when the Fe content is more than 22At%, the a/y trans-
formation may occur. Additionally, it is preferable that
the Co content of the second coil 12, as shown in Fig.
7, lie in a range from 78At% to 95At%. The welded con-
nection 120 between the first and second coils 11 and
12 has a Co-Fe atomic percentage ratio of 91.6: 8.4
The Fe content of the welded connection 120 which is
less than or equal to 22Wt% is desirable. When more
than 22Wt%, it will cause the welded connection 120 to
assume the o/y transformation at an operational tem-
perature of the glow plug 9.

[0021] The heater tube 90 has a smaller diameter end
portion which is bottomed. Outer and inner diameters of
the heater tube 90 are so selected that the insulating
member 2 around the first coil 11 is denser than that
around the second coil 12.

[0022] The insulating member 2 is made of insulating
powder such as MgO. The heater tube 90 is formed of
a heat-resistant alloy (e.g., SUS3108S).

[0023] The first coil 11 of the heating coil 1 is welded
to the bottom of the heater tube 90, while the second
coil 12 is welded to the end of a core shaft 6 which is
disposed coaxially in the housing 7. The core shaft 6 is
electrically connected at its end to a positive terminal of
a battery (not shown).

[0024] The housing 7 is so constructed as to mount
the glow plug 9 in an engine head. The heater tube 90
is brazed to the housing 7.

[0025] Arranged between the housing 7 and the core
shaft 6 is an O-ring 8 made of fluororubber.

[0026] The operation and effect of the glow plug thus
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constructed will be discussed below.

[0027] When the heating coil 1 is energized, it will
glow to heat the glow plug 9, providing additional heating
required for insuring quicker starting of the engine.
[0028] The heating coil 1, as mentioned above, in-
cludes the first and second coils 11 and 12. The second
coil 12, as shown in Fig. 7, has the resistance temper-
ature coefficient positively higher than that of the first
resistance element, and is made of the Co-Fe alloy
whose compositions, as shown in Fig. 6, fall in a range
where a change in phase from a body-centered cubic
lattice arrangement to.a face-centered cubic lattice ar-
rangement does not occur and a change in phase from
a close-packed hexagonal lattice arrangement to the
face-centered cubic lattice arrangement does not occur
even when the second coil 12 is subjected to a temper-
ature change from a given room temperature to 1000°C.
The connection 120 between the first and second coils
11 and 12 shows the Co-Fe atomic percentage ratio of
91.6 : 8.4 so that it lies, as is clear from Fig. 6, out of a
range wherein changes in phase from the body-cen-
tered cubic lattice arrangement to the face-centered cu-
bic lattice arrangement and from the close-packed hex-
agonal lattice arrangement to the face-centered cubic
lattice arrangement occur. It will be appreciated that
even when the temperature is changed rapidly, the con-
nection 120 does not expand and contract so that it
shows stable mechanical properties. Accordingly, the
connection 120 is not broken even when the heating coil
is heated rapidly many times so that the service life of
the glow plug 9 is increased greatly.

[0029] The O-ring 8 arranged between the core shaft
6 and the housing 7 serves to prevent oil and/or water
from leaking into the housing 7. This avoids the heating
coil 1 from being oxidized undesirably.

[0030] The second coil 12 includes the Co-Fe alloy
which assumes a relatively great rate of change in re-
sistance of about 13 under the variation in temperature
from the room temperature to 1000°C. In addition, the
insulating member 2 is arranged to be denser around
the first coil than that around the second coil 12. There-
fore, the glow current controlling effect caused by a tem-
perature rise of the second coil 12 is enhanced.

[0031] Further, the heater tube 90 includes the small-
er diameter end portion in which the first coil is disposed
and the large diameter middle portion in which the sec-
ond coil is arranged so that the saturation temperature
of the heating coil 1 is maintained safety and the tem-
perature rising speed thereof is also improved greatly.
[0032] Fig. 2 shows an essential part of a second em-
bodiment according to the invention. The heating coil 1
of this embodiment, similar to the first embodiment, in-
cludes first and second coils 11 and 12 which are welded
to form a connection 120 by a laser beam welding proc-
ess. The connection 120 is constructed by adjusting the
output and the focal depth of a laser beam to have a
0.2 : 1 ratio of the volume B of a fused portion 121 of the
first coil 11 to the volume A of a fused portion 122 of the
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second coil 12.

[0033] Similarto the second embodiment, the first coil
11is made of a 70Wt% Fe-25Wt% Cr-5Wt%Al alloy. The
second coil 12 is also made of a 92Wt%Co-8Wt%Fe al-
loy. The connection 120 between the first and second
coils 11 and 12 shows a Co-Fe atomic percentage ratio
of 80 : 20.

[0034] Other arrangements and operation are the
same as the first embodiment and explanation thereof
in detail will be omitted here.

[0035] Inthe second embodiment, the B-A volume ra-
tio of the connection 120, as stated above, falls in a
range from 0.15 to 0.25 and thus the content of Fe in
the connection 120 is low. Therefore, the o/y transfor-
mation does not occur in the connection 120. The life of
the glow plug is increased greatly without the connection
120 being broken.

[0036] Energizing cycle tests were performed with re-
spect to the glow plugs constructed according to the
above first and second embodiments (examples 1 and
2). The glow plugs were, as shown in Fig. 3, applied with
current for seventy minutes to be heated up to about
1000°C after which it is maintained at approximately
900°C. Subsequently, cooling and heating processes
were conducted in an electric furnace three times in
three minutes, and then cooled down to the room tem-
perature. These were assumed to be one cycle and re-
peated continuously.

[0037] In order to compare the results of the tests of
the glow plugs of the invention, additional comparative
experiments were performed with respect to prior art
glow plugs (see comparative examples C1 and C2).
[0038] The glow plug of the comparative example C1
includes a first coil made of a 70Wt%Fe-25Wt%Cr-
15Wt%Al alloy and a second coil made of Ni. Other ar-
rangements are substantially the same as the first em-
bodiment. The glow plug of the comparative example
C2 includes a first coil made of a 70Wt%Fe-25Wt%Cr-
15W1t%Al alloy and a second coil made of a 92Wt%Co-
8Wit%Fe alloy. Other arrangements are substantially the
same as the comparative example.

[0039] The energizing cycle tests, as explained
above, were performed four times with respect to the
above examples, respectively. Fig. 4 is a table showing
the results of the tests. As will be appreciated from the
table, the lifespans of the examples 1 and 2 all exceed
over 20000 cycles. In examples 1 and 2, the wire-break-
age has occurred at the central portion of the first coil
which is subjected to the intensest heat. Therefore, the
glow plugs according to the invention may be used until
their inherent service lives have expired.

[0040] Additionally, the comparative example C1
shows substantially the same results as in the first and
second embodiments, however, the use of Ni having a
ratio of change in resistance of 6 in the second coil gives
rise to a problem in regard to quick heating when a stat-
uary temperature is the same as the examples accord-
ing to the present invention. The comparative example
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C2 exhibits an extremely shortened service life. There
is a wire-breakage in a connection between the first and
second coils.

[0041] Fig. 5 shows the relation between energizing
time and temperature-rising speed in the glow plugs ac-
cording to the first embodiment of the invention and the
comparative example C1.

[0042] As will be clear from the graph, when the glow
plug according to the first embodiment is heated up to
800°C within 4.5 minutes, the statuary temperature is
maintained at 900°C which permits the glow plug to be
energized constantly. This eliminates the need for re-
ducing a voltage level applied to the glow plug after start-
ing the engine, thereby eliminating the use of an after-
glow resister, a sub-relay, and their attachment harness-
es. Thus, the manufacturing costs are reduced greatly.
[0043] The glow plug of the comparative example C1
shows a statuary temperature above 1000°C. It is thus,
required to decrease the voltage applied to the glow plug
after the engine starts.

Claims
1. An electric resistance element comprising:

a first resistance element (11) having a given
electric resistance; and

a second resistance element (12) connected in
series with said first resistance element (11),
said second resistance element having a resist-
ance temperature coefficient positively higher
than that of said first resistance element and
providing a function of regulating a current to
said first resistance element (11),

wherein said second resistance element (12)
is made of a Co-Fe alloy whose compositions fall in
arange where a change in phase from a body-cen-
tered cubic lattice arrangement to a face-centered
cubic lattice arrangement does not occur and a
change in phase from a close-packed hexagonal
lattice arrangement to the face-centered cubic lat-
tice arrangement does not occur even when the
second resistance element is subjected to a tem-
perature change from a given room temperature to
1000°C, and

wherein said first resistance element (11) is
welded at its end to an end of said second resist-
ance element (12) to form a connection (120) ther-
ebetween which includes part of material forming
said first resistance element and part of the Co-Fe
alloy forming said second resistance element (12),
characterized in that
the composition of the Co-Fe alloy in the connection
(120) is defined by a Fe content of 5 to 22 At.% by
selecting the material forming said first resistance
element (11) such that a change in phase of the
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composition of the Co-Fe alloy in the connection
(120) from the body-centered cubic lattice arrange-
ment to the face-centered cubic lattice arrangement
and from the close-packed hexagonal lattice ar-
rangement to the face-centered cubic lattice ar-
rangement does not occur at temperatures from a
given room temperature to 1000 °C.

An electric resistance element as set forth in claim
1, wherein said second resistance element (12)
contains 78 At.% to 95 At.% of Co and a remaining
content of Fe.

An electric resistance element as set forth in claim
1 or 2, wherein said first resistance element (11) is
made of a Ni-Cr alloy.

An electric resistance element as set forth in claim
1, wherein said first resistance element (11) is made
of Fe-Cr-Al alloy having a Fe content of 68 wt.-% to
72 wt.-%, said second resistance element (12) be-
ing made of a Co-Fe alloy having a Fe content of 7
wt.-% to 9 wt.-%, a volume ratio of said second to
first resistance elements in a connection therebe-
tween lying in a range of from 1:0.15 to 1:0.25.

A glow plug for an internal combustion engine com-
prising:

a housing (7);

a heater tube (90) extending from an end of said
housing (7);

an insulating member (2) arranged in said heat-
er tube (90); and

a resistance element (1), said resistance ele-
ment (1) including at least two elements: a heat-
ing element (11) and a regulating element (12)
connected in series with each other, said regu-
lating element (12) being electrically arranged
upstream from said heating element (11), said
regulating element (12) assuming a positive re-
sistance temperature coefficient higher than
that of the heating element (11) for regulating a
current flowing to said heating element (11),

wherein said regulating element (12) is made
of a Co-Fe alloy whose compositions fall in a range
where a change in phase from a body-centered cu-
bic lattice arrangement to a face-centered cubic lat-
tice arrangement does not occur and a change in
phase from a close-packed hexagonal lattice ar-
rangement to the face-centered cubic lattice ar-
rangement does not occur even when the second
resistance element is subjected to a temperature
change from a given room temperature to 1000 °C,
and

wherein said heating element (11) is welded
at its end to an end of said regulating element (12)
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to form a connection (120) therebetween which in-
cludes material of which said first resistance ele-
ment is made and the Co-Fe alloy forming said reg-
ulating element (12),

characterized in that

the composition of the Co-Fe alloy in the connection
(120) is defined by a Fe content of 5 to 22 At.% by
selecting the material forming said heating element
(11) such that a change in phase of the composition
of the Co-Fe alloy in the connection (120) from the
body-centered cubic lattice arrangement to the
face-centered cubic lattice arrangement and from
the close-packed hexagonal lattice arrangement to
the face-centered cubic lattice arrangement does
not occur at temperatures from a given room tem-
perature to 1000 °C.

A glow plug as set forth in claim 5,

wherein said regulating element (12) contains 78
At.% to 95 At.% of Co and a remaining content of
Fe.

A glow plug as set forth in claim 5 or 6,
wherein said heating element (11) is made of a
Ni-Cr alloy.

A glow plug as set forth in claim 5,

wherein said heating element (11) is made of a
Fe-Cr-Al alloy having a Fe content of 68 wt.-% to
72 wt.-%, said regulating element (12) being made
of a Co-Fe alloy having a Fe content of 7 wt.-% to
9 wt.-%, a volume ratio of said regulating element
to said heating element in a connection therebe-
tween falling in a range from 1:0.15 to 1:0.25.

A glow plug as set forth in claim 5,

wherein said heater tube (90) has a smaller diam-
eter end portion which is bottomed, outer and inner
diameters of said heater tube (90) being so selected
that said insulating member (2) around the heating
element (11) is denser than that around the regulat-
ing element (12).

Patentanspriiche

Elektrisches Widerstandselement, umfassend

ein erstes Widerstandselement (11) mit einem
vorgegebenen elektrischen Widerstand; und
ein in Reihe mit dem ersten Widerstandsele-
ment (11) geschaltetes zweites Widerstands-
element (12), wobei das zweite Widerstands-
element einen gréReren positiven Widerstand-
stemperaturkoeffizienten als das erste Wider-
standselement hat und eine Funktion zur
Steuerung eines Stroms zum ersten Wider-
standselement (11) bereitstellt,
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wobei das zweite Widerstandselement (12) aus ei-
ner Co-Fe-Legierung gefertigt ist, deren Zusam-
mensetzung in einen Bereich fallt, in welchem eine
Phasenanderung von einer innenzentrierten kubi-
schen Gitteranordnung zu einer flachenzentrierten
kubischen Gitteranordnung nicht auftritt sowie eine
Phasenanderung von einer dichtest gepackten he-
xagonalen Gitteranordnung zur flachenzentrierten
kubischen Gitteranordnung selbst dann nicht auf-
tritt, wenn das zweite Widerstandselement einer
Temperaturanderung von einer vorgegebenen
Raumtemperatur auf 1000°C unterworfen wird, und
wobei das erste Widerstandselement (11) an sei-
nem Ende an ein Ende des zweiten Widerstands-
elements (12) geschweilt ist, um eine Verknipfung
(120) zwischen beiden zu bilden, die Teile des das
erste Widerstandselelement bildenden Materials
und Teile der das zweite Widerstandselement (12)
bildenden Co-Fe-Legierung einschlief3t,

dadurch gekennzeichnet, da

die Zusammensetzung der Co-Fe-Legierung in der
Verknipfung (120) definiert ist durch einen Fe-Ge-
halt von 5 bis 22 At.-%, indem das das erste Wider-
standselement (11) bildende Material so ausge-
wahlt ist, dass eine Phasendnderung der Zusam-
mensetzung der Co-Fe-Legierung in der Verknup-
fung (120) von der innenzentrierten kubischen Git-
teranordnung zur flichenzentrierten kubischen Git-
teranordnung sowie von der dichtest gepackten he-
xagonalen Gitteranordnung zur flachenzentrierten
kubischen Gitteranordnung nicht auftritt bei Tempe-
raturen von einer gegebenen Raumtemperatur bis
1000°C.

Elektrisches Widerstandselement nach Anspruch
1, wobei das zweite Widerstandselement (12) 78
At-% bis 95 At-% Co und die verbleibende Menge
an Fe enthalt.

Elektrisches Widerstandselement nach einem der
Anspriiche 1 oder 2, wobei das erste Widerstands-
element (11) aus einer Ni-Cr-Legierung gefertigt ist.

Elektrisches Widerstandselement nach Anspruch
1, wobei das erste Widerstandselement (11) aus ei-
ner Fe-Cr-Al-Legierung mit einen Fe-Gehalt von 68
Gew.-% bis 72 Gew.-% gefertigt ist, das aus einer
Co-Fe-Legierung gemachte zweite Widerstands-
element (12) einen Fe-Gehalt von 7 Gew.-% bis 9
Gew.-% hat, wobei ein Volumenverhaltnis vom
zweiten zum ersten Widerstandselement in einer
Verkniipfung zwischen beiden in einem Bereich von
1:0,15 bis 1:0,25 liegt.

Gluhkerze fir Verbrennungsmotoren, umfassend

ein Gehduse (7);
eine sich vom einen Ende des Gehdauses (7)
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ausdehnende Heizréhre (90);

ein in der Heizréhre (90) angeordnetes isolie-
rendes Element (2); und

ein Widerstandselement (1),

wobei das Widerstandselement (1) mindestens
zwei Elemente einschlielt: Ein Heizelement (11)
und ein Steuerelement (12), die miteinander in Rei-
he geschaltet sind, wobei das Steuerelement (12)
elektrisch stromaufwarts vom Heizelement (11) an-
geordnet ist, das Steuerelement (12) einen positi-
ven Widerstandtemperaturkoeffizienten annimmt,
der hoher als der des Heizelements (11) ist, um ei-
nen zum Heizelement (11) flieBenden Strom zu
steuern,

wobei das Steuerelement (12) aus einer Co-Fe-Le-
gierung gemacht ist, deren Zusammensetzung in
einen Bereich fallt, in welchem eine Phasenénde-
rung von einer innenzentrierten kubischen Gitteran-
ordnung zu einer flaichenzentrierten kubischen Git-
teranordnung nicht auftritt sowie eine Phasenande-
rung von einer dichtest gepackten hexagonalen Git-
teranordnung zur flaichenzentrierten kubischen Git-
teranordnung selbst dann nicht auftritt, wenn das
zweite Widerstandselement einer Temperaturande-
rung von einer vorgegebenen Raumtemperatur auf
1000°C unterworfen wird, und

wobei das Heizelement (11) an seinem Ende an ein
Ende des Steuerelements (12) geschweildt ist, um
eine Verknipfung (120) zwischen beiden zu bilden,
die Material, aus dem das erste Widerstandsele-
ment gemacht ist, und die das Steuerelement (12)
bildende Co-Fe-Legierung einschlief3t,

dadurch gekennzeichnet, daB

die Zusammensetzung der Co-Fe-Legierung in der
Verknulpfung (120) definiert ist durch einen Fe-Ge-
halt von 5 bis 22 At.-%, indem das das Heizelement
(11) bildende Material so ausgewahlt ist, dass eine
Phasenanderung der Zusammensetzung der Co-
Fe-Legierung in der Verknupfung (120) von der in-
nenzentrierten kubischen Gitteranordnung zur fla-
chenzentrierten kubischen Gitteranordnung sowie
von der dichtest gepackten hexagonalen Gitteran-
ordnung zur flachenzentrierten kubischen Gitteran-
ordnung nicht auftritt bei Temperaturen von einer
gegebenen Raumtemperatur bis 1000°C.

Gliihkerze nach Anspruch 5, wobei das Steuerele-
ment (12) 78 At-% bis 95 At-% Co und die verblei-
bende Menge an Fe enthélt.

Glihkerze nach einem der Anspriiche 5 oder 6, wo-
bei das Heizelement (11) aus einer Ni-Cr-Legierung
gefertigt ist.

Gliihkerze nach Anspruch 5, wobei das Heizele-
ment (11) aus einer Fe-Cr-Al-Legierung mit einen
Fe-Gehalt von 68 Gew.-% bis 72 Gew.-% gefertigt
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ist, das aus einer Co-Fe-Legierung gemachte Steu-
erelement (12) einen Fe-Gehalt von 7 Gew.-% bis
9 Gew.-% hat, wobei ein Volumenverhéltnis vom
Steuerelement zum Heizelement in einer Verknup-
fung zwischen beiden in einem Bereich von 1:0,15
bis 1:0,25 liegt.

Gliihkerze nach Anspruch 5, wobei die Heizrohre
(90) einen Endabschnitt mit kleinerem Durchmes-
ser als Boden hat, wobei die AuRen- und Innen-
durchmesser der Heizréhre (90) so gewahlt sind,
dal das isolierende Element (2) um das Heizele-
ment (11) dichter als um das Steuerelement (12) ist.

Revendications

Elément de résistance électrique comprenant :

un premier élément de résistance (11) possé-
dant une résistance électrique donnée ; et

un second élément de résistance (12) connecté
en série avec ledit premier élément de résistan-
ce (11), ledit second élément de résistance
ayant un coefficient de température de résis-
tance nettement supérieur a celui dudit premier
élément de résistance et fournissant une fonc-
tion de régulation du courant pour ledit premier
élément de résistance (11),

dans lequel ledit second élément de résistan-
ce (12) est formé d'un alliage Co-Fe, dont les com-
positions se situent dans une gamme dans laquelle
un changement de phase depuis un agencement
de réseau cubique centré a un agencement de ré-
seau cubique a faces centrées ne se produit pas,
et un changement de phase depuis un agencement
deréseau hexagonal trés condensé a l'agencement
de réseau cubique a faces centrées ne se produit
pas méme lorsque le second élément de résistance
est soumis a une variation de température depuis
une température ambiante donnée jusqu'a 1000°C,
et

dans lequel ledit premier élément de résistan-
ce (11) est soude, par son extrémité, a une extré-
mité dudit second élément de résistance (12) pour
former entre eux une connexion (120), qui inclut
une partie du matériau formant ledit premier élé-
ment de résistance et une partie de I'alliage Co-Fe
formant ledit second élément de résistance (12),

caractérisé en ce que la composition de l'al-
liage Co-Fe dans la connexion (120) est définie par
une teneur en Fe de 5 a 22 % at. en choisissant le
matériau formant ledit premier élément de résistan-
ce (11) de maniére a empécher qu'un changement
de phase de la composition de I'alliage Co-Fe dans
la connexion (120) depuis I'agencement de réseau
cubique centré a I'agencement de réseau cubique
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a faces centrées et depuis I'agencement de réseau
hexagonal trés condensé a I'agencement de réseau
cubique a faces centrées ne se produise a des tem-
pératures allant d'une température ambiante don-
née jusqu'a 1000°C.

Elément de résistance électrique selon la revendi-
cation 1, dans lequel ledit second élément de résis-
tance (12) contient 78 % atomiques a 95 % atomi-
ques de Co, le reste étant formé de Fe.

Elément de résistance électrique selon la revendi-
cation 1 ou 2, dans lequel ledit premier élément de
résistance (11) est formé d'un alliage de Ni-Cr.

Elément de résistance électrique selon la revendi-
cation 1, dans lequel ledit premier élément de ré-
sistance (11) est formé d'un alliage Fe-Cr-Al possé-
dant une teneur en Fe comprise entre 68 % en poids
et 72 % en poids, ledit second élément de résistan-
ce (12) étant formé d'un alliage Co-Fe ayant une
teneur en Fe comprise entre 7 % en poids et 9 %
en poids, un rapport volumique dudit second élé-
ment de résistance audit premier élément de résis-
tance dans une connexion entre ces éléments étant
situé dans une gamme de 1:0,15 a 1:0,25.

Bougie d'allumage pour un moteur a combustion in-
terne comprenant :

un boitier (7) ;

un tube de chauffage (90) s'étendant a partir
d'une extrémité dudit boitier (7) ;

un élément isolant (2) disposé dans ledit tube
de chauffage (90) ; et

un élément de résistance (1),

ledit élément de résistance (1) comprenant au
moins deux éléments : un élément de chauffa-
ge (11) et un élément de régulation (12) con-
nectés réciproquement en série, ledit élément
de régulation (12) étant disposé électriquement
en amont dudit élément de chauffage (11), ledit
élément de régulation (12) possédant un coef-
ficient de température de résistance positif su-
périeur a celui de I'élément de chauffage (11)
pour réguler un courant circulant dans ledit élé-
ment de chauffage (11),

dans lequel ledit élément de régulation (12)
est formé d'un alliage Co-Fe, dont les compositions
se situent dans une gamme, dans laquelle un chan-
gement de phase depuis un agencement de réseau
cubique centré a un agencement de réseau cubique
a faces centrées ne se produit pas et un change-
ment de phase depuis un agencement de réseau
hexagonal trés condensé a I'agencement de réseau
cubique a faces centrées ne se produit pas méme
lorsque le second élément de résistance est soumis
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a une variation de température depuis une tempé-
rature ambiante donnée jusqu'a 1000°C, et

dans lequel ledit élément de chauffage (11)
est soudé, par son extrémité, a une extrémité dudit
élément de régulation (12) pour former entre eux
une connexion qui inclut un matériau dont est cons-
titué ledit premier élément de résistance, et I'alliage
Co-Fe formant ledit élément de régulation (12),

caractérisée en ce que la composition de
I'alliage Co-Fe dans la connexion (120) est définie
par une teneur en Fe de 5 a 22 % atomiques en
choisissant le matériau formant ledit élément de
chauffage (11) de maniére a empécher qu'un chan-
gement de phase de la composition de I'alliage Co-
Fe dans la connexion (120) depuis I'agencement de
réseau cubique centré a l'agencement de réseau
cubique a faces centrées et depuis I'agencement
de réseau hexagonal trés condensé a I'agencement
de réseau cubique a faces centrées ne se produise
a des températures allant d'une température am-
biante donnée jusqu'a 1000°C.

Bougie d'allumage selon la revendication 5, dans
laquelle ledit élément de régulation (12) contient en-
tre 78 % atomiques et 95 % atomiques de Co, le
reste étant formé de Fe.

Bougie d'allumage selon la revendication 8 ou 9,
dans laquelle ledit élément de chauffage (11) est
formé d'un alliage Ni-Cr.

Bougie d'allumage selon la revendication 5, dans
laquelle ledit élément de chauffage (11) est formé
d'un alliage Fe-Cr-Al possédant une teneur en Fe
comprise entre 68 % en poids et 72 % en poids,
ledit second élément de résistance (12) étant formé
d'un alliage Co-Fe ayant une teneur en Fe comprise
entre 7 % en poids et 9 % en poids, un rapport vo-
lumique dudit élément de régulation audit élément
de chauffage dans une connexion entre ces élé-
ments étant situé dans une gamme de 1:0,15 a 1:
0,25.

Bougie d'allumage selon la revendication 5, dans
laquelle ledit tube de chauffage (90) posséde une
partie d'extrémité de diameétre inférieur, qui est
pourvue d'un fond, les diametres extérieur et inté-
rieur dudit tube de chauffage (90) étant choisis de
telle sorte que ledit élément isolant (2) autour de
I'élément de chauffage (11) est plus dense
qu'autour de I'élément de régulation (12).
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