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Description

[0001] The presentinvention relates to a glow plug ac-
cording to the preamble of claim 1.

[0002] Conventionally, a glow plug for diesel engines
has a first coil and a second coil housed in a metal heater
case held by a housing so as to be placed in order from
an end of the heater case. The heater case facing the
first and second coils is heated by supplying current to
both of the coils so that the glow plug generates heat.
[0003] It is required for the glow plug that the heater
case is rapidly heated to secure faster engine starting
and current for after glow s further supplied for a relatively
long time to stabilize combustion after the engine starting.
Generally, current for after glow is supplied for continu-
ously generating heat to the glow plug for two to five
minutes after the engine starting so that a fire source may
be formed in a combustion chamber to stabilize combus-
tion just after the engine starting.

[0004] Further, as a recent tendency, a direct injection
type diesel engine is coming out to meet exhaust gas
regulations. In many cases, the direct injection engine
has many intake and exhaust valves in the combustion
chamber. Accordingly, it is preferable that a heater por-
tion of the glow plug have a smaller diameter (not larger
than 4.0 mm) and longer length (not shorter than 15 mm).
[0005] In a conventional glow plug for a swirl chamber
type engine, the first coil is housed in a smaller diameter
portion and the second coil is housed in a larger diameter
portion. Therefore, temperature of a portion of the heater
case corresponding to the first coil is higher than that
corresponding to the second coil.

[0006] However, in another conventional glow plug in
which the diameter of the heater portion is not larger than
4.0 mm, the length thereof is not shorter than 15 mm,
and almost whole length of the second coil is housed in
the smaller diameter portion, temperature of the heater
case corresponding to the second coil is higher than that
corresponding to the first coil since surface current den-
sity of the second coil is higher.

[0007] Accordingly, the second coil, whose corrosion
resistance is inherently poorer than that of the first coill,
is likely to be broken so that a life of the glow plug is
shortened.

[0008] The EP 0834 699 A2 discloses a generic glow
plug having a metal heater case having at one end thereof
a smaller diameter portion whose diameter is not larger
than 4 mm and whose length is not shorter than 15 mm
and having at the other end thereof a larger diameter
portion whose diameter is larger than that of the smaller
diameter portion. The glow plug further comprises a first
coil, which is embedded via insulation powder in the
smaller diameter portion of the heater case and whose
one end is electrically connected with the heater case, a
second coil, which is embedded via insulation powder in
the heater case, whose one end is connected to the other
end of the first coil and whose more than half in length
is housed in the smaller diameter portion and a housing
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holding the heater case by enveloping a part of the larger
diameter portion of the heater case. A portion of the heat-
er case corresponding to the first coil shows highest tem-
perature in the heater case when rated voltage is applied
to the firstand second coils and temperature of the heater
case is saturated. The first coil is made of a nickel chro-
mium alloy having a resistance change ratio of 1, wherein
the resistance change ratio is a ratio of a resistance value
at temperature of 1000°C against a resistance value at
temperature of 20°C. The second coil is made of cobalt
iron alloy having the resistance ratio of 5 to 14.

[0009] Itisthe object of the invention to further develop
the above generic glow plug, such that the life of the glow
plug is prolonged.

[0010] This object is achieved by a glow plug having
the features of claim 1. Advantageous further embodi-
ments are subject of the dependent claims.

[0011] With the construction mentioned above, a por-
tion of the heater case corresponding to the first coil
shows highesttemperature in the heater case when rated
voltage is applied to the first and second coils and tem-
perature of the heater case is saturated. Therefore, sur-
face temperature of a portion of the heater case corre-
sponding to the second coil becomes lower than that cor-
responding to the first coil. As a result, the second coil is
unlikely to be broken so that the life of the glow pug may
be prolonged.

[0012] It is preferable that surface temperature of the
portion showing the highest temperature in the heater
case is not larger than 950 °C for prolonging the life of
the glow plug.

[0013] Further, preferably, the first and second coils
are placed outside the housing. That s, the first and sec-
ond coils do not exist inside the housing. This construc-
tion makes it easy to adjust temperature of the respective
first and second coils.

[0014] The glow plug having the construction men-
tioned above is applicable to an engine in which a length
of the heater case protruding into a combustion chamber
is not longer than 7mm. The highest temperature portion
of the heater case may be easily provided within 7 mm
from the end of the heater case.

[0015] Other features and advantages of the present
invention will be appreciated, as well as methods of op-
eration and the function of the related parts, from a study
of the following detailed description, the appended
claims, and the drawings, all of which form a part of this
application. In the drawings:

Fig. 1 is a cross sectional view of a glow plug ac-
cording to an embodiment of the present invention;
Fig. 2 is an enlarged view of a heater portion of the
glow plug of Fig. 1;

Fig. 3A is a view showing dimensions of the heater
portion of the spark plug of Fig. 1;

Fig. 3B is a view showing dimensions of the heater
portion of a conventional spark plug;

Fig. 4 is a graph showing a test result with respect



3 EP 1102 007 B1 4

to temperature distribution on the heater portion;
Fig. 5 is a chart showing resistance values of test
samples;

Fig. 6 is a chart showing conditions of an endurance
test; and

Fig. 7 is a chart showing an endurance test result.

[0016] A glow plug 100 shown in Figs. 1 and 2 is in-
stalled in each of a plurality of cylinders (not shown), for
example, four cylinders, of a diesel engine. The glow plug
serves to ignite fuel and to promote combustion at an
engine starting time.

[0017] The glow plug 100 has a cylindrical housing 10
made of iron based material. The housing 10 is provided
with a thread portion 13 for detachably fastening the glow
plug to the cylinder. A long narrow cup shaped heater
tube 20, which constitutes a heater portion, is partly in-
serted into an opening of the housing 10 on a side of an
end 11 thereof and is fitted by brazing or press fitted to
the housing 10.

[0018] The heater case 20 is made of conductive ma-
terial (for example, stainless such as SUS 310S) having
good heat resistance and good anti-oxidization charac-
tristic. The heater case 20 is integrally provided on a side
of aclosed end 21 thereof with a smaller diameter portion
22 and on a side of an open end (23) thereof with a larger
diameter portion 24 whose diameter is larger than that
of the smaller diameter portion 22. The diameter of the
smaller diameter portion 22 is not larger than 4 mm and
a length thereof is not shorter than 15 mm.

[0019] Thelargerdiameter portion 24 is internally fitted
to and held by the housing on a side of the end 11. A part
of the larger diameter portion 24 and a whole of the small-
er diameter portion 22 are exposed out of the end 11 of
the housing 10. A taper portion 25 is provided between
the larger and smaller diameter portions 24 and 22 of the
heater case 20. The diameter of taper portion 25 is grad-
ually enlarged toward the larger diameter portion 24 from
the smaller diameter portion 22.

[0020] A first coil 30 (first resistance) and second coil
40 (second coil) are placed in series inside the heater
case 20 in an axial direction thereof. The first coil 30 is
housed inside the smaller diameter portion 22. More than
half of the second coil 40, which is placed on a side of
an opening portion 23 of the heater case with respect to
the first coil, is also housed inside the smaller diameter
portion 22. Both of the first and second coils 30 and 40
are placed outside the housing 10.

[0021] An end 31 of the first coil 30 is electrically con-
nected to the closed end 21 of the heater case 20 and
another end 32 of the first coil 30 is electrically connected
to an end 41 of the second coil 40. Another end 42 of the
second coil 40 is electrically connected by welding to an
end 51 of a center axis 50, which is inserted into the
opening of the housing 10 and fixed to the housing 10.
A part of the first coil 30 on a side of the end 32 and a
part of the second coil on a side of the end 41 are folded
each other to constitute a folding portion. The first and
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second coils 30 and 40 are connected by welding the
folding portion so that molten portions 35 of the first and
second coils 30 and 40 are formed.

[0022] A part of the center axis 50 on a side of the end
51 and the firstand second coils 30 and 40 are embedded
in insulation powder 26 made of heat resistant electric
insulating material (forexample, magnecia). Accordingly,
the part of the center axis 50 on a side of the end 51 and
the first and second coils 30 and 40 except the end 31
of the first coil 30 are electrically insulated from the heater
case 20.

[0023] The first coil 30 is made of first conductive ma-
terial (for example, nickel chromium alloy) whose resist-
ance change ratio (resistance value at temperature 1000
°C / resistance value at 20 °C) between normal temper-
ature and temperature 1000 °C (temperature of the first
coil 30 at preheating) is very small, for example, near 1.
The second coil 40 is made of second conductivematerial
(for example, cobalt iron alloy) whose resistance change
ratio mentioned above is relatively large, for example, 5
to 14.

[0024] The center axis 50 on a side of the end 51 is
partly inserted into the heater case 20 on a side of the
open end 23 thereof. A portion of the center axis 50 on
a side of another end 52 is insulated from and fixed to
the housing 10 on a side of another end 12 thereof with
anut 62 via a sealing member 60 such as an o ring, which
is made of insulation elastic material such as fluorine
rubber, and aresin insulation bush 61. The portion of the
center axis 50 on a side of another end 52 is provided
with a thread portion 53 to which a wiring element such
as a connecting bar or a lead terminal extending from an
electric source (not shown) is to be fixed.

[0025] In the glow plug 100 mentioned above, when
rated current (for example, 11 V) is applied between the
center axis 50 and the housing 10, which is grounded to
an engine body, both of the first and second coils 30 and
40 generate heat. According to the embodiment of the
present invention, when temperature of the heater case
20 is saturated after the rated voltage is applied to the
glow plug 100, a portion of the heater case 20 corre-
sponding to the first coil 30 shows highest temperature
in the heater case 20.

[0026] Fig. 3A shows a dimension of the heater portion
according to the embodiment mentioned above and Fig.
3B shows a dimension of the conventional heater portion
(prior art) as a comparison.

[0027] Each of K1 and K2 is a diameter of the smaller
diameter portion 22 of the heater case 20. Each of the
diameter K1 of the present embodiment and the diameter
K2 of prior art is $3.5 mm. D1 or D2 is a thickness of the
closed end 21 of the heater case 20. The thickness D1
of the present embodiment is 1.5 mm and the thickness
D2 of prior artis 2 mm. L1 or L2 is a length of the smaller
diameter portion 22. Each of the lengths L1 and L2 is 26
mm. LA1 or LA2 is an axial length of the first coil 30. The
length LA1 of the present embodiment is 9 mm and the
length LA2 of prior art is 5 mm. LB1 or LB2 is an axial
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length of the second coil 40. The length LB1 of the present
embodiment is 25.5 mm and the length LB2 of prior art
is 26 mm.

[0028] According tothe presentembodiment, a portion
of the second coil 40 embedded in the insulation powder
26 in the larger diameter portion 24 is longer than that
according to the prior art, as shown in Figs. 1 to 3. This
serves to lower the temperature of the portion of the heat-
er case 20 corresponding to the second coil 40, com-
pared with the prior art. Further, if the length LB1 of the
second coil 40 of the present embodiment is much longer
than the length LB2 of the second coil of the prior art, the
temperature of the portion of the heater case 20 corre-
sponding to the second coil 40 becomes lower. This is
because that the temperature of the second coil 40 of
the present embodiment becomes lower than that of the
prior art, if electric power applied to the respective present
embodiment and prior art are same.

[0029] Furthermore, a ratio of the length LA1 of the
first coil 30 to the length LB2 of the second coil 40 ac-
cording to the present embodiment is larger than that
accordingtothe prior artso thata heatamountgenerating
in the first coil 30 becomes larger than that in the second
coil 40 when current is supplied to the coils 30 and 40
for heating.

[0030] The resistance values of the first and second
coils 30 and 40 of the prior art are 0.29 Q and 0.18 Q at
normal temperature, respectively. On the other hand, the
resistance values of the first and second coils 30 and 40
of the present embodiment are 0.74 Q and 0.24 Q at
normal temperature, respectively. A resistance ratio (the
resistance value of the first coil 30 / the resistance value
of the second coil 40) of the coils is about 3.1 in case of
the present embodiment and about 1.6 in case of the
prior art. A relative resistance value of the first coil 30 to
the second coil 40 is higher, compared with that of the
prior art.

[0031] It is common as a construction of the recent
glow plug that a length of the heating portion protruding
into a combustion chamber is not larger than 7 mm when
the glow plug is installed in the engine. Therefore, it is
required to start red heat on the heater portion protruding
into the chamber and it is preferable to generate heat at
the heater portion as nearer to the closed end 21 of the
heater case 20 as possible.

[0032] Under the reason mentioned above, it is not
preferable to make the length LA1 of the first coil 30 longer
since a position where the red heat starts becomes more
away from the closed end 21. It is concluded, therefore,
that a maximum length LA1 of the first coil 30 is 14 mm.
As a result, the resistance ratio (the resistance value of
the first coil 30 / the resistance value of the second coil
40) is 2 to 3.5 at normal temperature on condition that a
highest temperature portion of the heater case 20 at a
heat generating time is placed within 7 mm from the
closed end 21. Further, to prolong the life of the glow
plug, it is preferred that temperature at the highest tem-
perature portion is not higher than 950 °C.
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[0033] An experimental test was conducted on sam-
ples of embodiments @, @ and ® (see figure 5) accord-
ing to the present embodiment and samples according
to the prior art to study a temperature distribution on the
heater portion. The resistance values of the first and sec-
ond coils 30 and 40 and the resistance ratio (the resist-
ance value of the first coil 30 / the resistance value of the
second coil 40) of the respective present embodiment
and prior art are shown in Fig. 5.

[0034] Fig. 4 shows a test result with respect to the
temperature distribution on the heater portion. In Fig. 4,
temperature (°C) on respective portions of the heater
case 20 located away by respective length (mm) from
the closed end 21 of the heater case 20 were measured
and plotted as heatertemperature on the respective sam-
ples. The heater temperature is temperature measured
after a lapse of 60 seconds upon applying rated voltage
(11 V), that is, when temperature of the heater case is
saturated.

[0035] As understood from solid lines shown in Fig. 4,
each of the embodiments @, @ and ® samples shows
that the highest temperature portion of the heater case
20 is located on a portion of the heater case 20 corre-
sponding to the first coil 30 (a portion away by 6 to 7 mm
from the closed end 21). On the other hand, the prior art
sample shows that the highest temperature portion of the
heater case 20 is located on a portion of the heater case
20 corresponding to the second coil 40 (a portion away
by about 15 mm from the closed end 21), as understood
from a dotted line shown in Fig. 4.

[0036] As mentioned above, though the glow plug 100
according to the present embodiment has the heater por-
tion whose diameter is not larger than 4.0 mm and whose
length is not shorter than 15 mm, highest temperature of
the portion of the heater case 20 corresponding to the
second coil 40 is lower than that corresponding to the
first coil 30 after a lapse of 60 seconds on starting the
rated voltage application.

[0037] Next, an endurance test result on samples ac-
cording to the present embodiment and the prior art,
whose temperature distribution are shown in Fig. 4, is
described hereinafter.

[0038] The endurance test was conducted on condi-
tions shown in Fig. 6, that, after the rated voltage is ap-
plied to each of the samples for 70 seconds, each of the
samples is heated and cooled for 3 minutes without cur-
rent application.

[0039] Heating was conducted by placing the samples
in an electric furnace at about 900 °C and cooling was
conducted by taking the samples out of the furnace and
exposing the samples to air ventilated with a fan. 70 sec-
onds heating and 20 seconds cooling were twice repeat-
ed. The temperature shown in Fig. 6 is surface temper-
ature of the portion of the heater case corresponding to
the first or second coil 30 or 40.

[0040] The endurance test on the samples was con-
ducted by repeating cycles whose one cycle is based on
a current supply and heating & cooling pattern shown in
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Fig. 6 and finding out a number of cycles in which the
firstand second coils 30 and 40 of the respective samples
are broken. As shown in Fig. 7, the grow plug 100 ac-
cording to the present embodiment has a longer lifetime,
compared with the conventional glow plug.

[0041] Though the second coil 40 is broken by oxidi-
zation in the case of the conventional glow plug, the first
coil 30 is broken in the case of the present embodiment.
[0042] As a result, the glow plug of the present em-
bodiment can realize a longer lifetime by arranging the
portion of the heater case corresponding to the first coil
as a highest temperature portion in the heater case and,
further, secure much longer life by setting the highest
temperature portion to temperature not higher than 950
°C, compared with the conventional glow plug. Accord-
ingly, itis concluded that the glow pug having the heater
portion whose diameter is not larger than 4.0 mm and
whose length is not shorter than 15 mm can endure a
longer current supply for after glow so that longer life may
be assured.

[0043] Further, according to the present embodiment,
as the firstand second coils 30 and 40 are located outside
the housing 10, heat dissipation of the first and second
coils are good so that temperature control of both of the
coils 30 and 40 may be easily conducted.

[0044] In a glow plug, a metal heater case (20) has at
one end thereof a smaller diameter portion (22) whose
diameter is not larger than 4 mm and whose length is not
shorter than 15 mm and has at the other end thereof a
larger diameter portion (24). A first coil (30) is embedded
via insulation powder (26) in the smaller diameter portion
of the heater case and one end thereof is electrically con-
ducted with the heater case. A second coil (40) is em-
bedded via insulation powder (26) in and insulated with
the heater case and one end thereof is connected to the
other end of the first coil. A housing (10) holds the heater
case by enveloping a part of the larger diameter portion
of the heater case. A portion of the heater case corre-
sponding to the first coil shows highest temperature in
the heater case in 60 seconds after rated voltage is ap-
plied to the first and second coils.

Claims
1. A glow plug comprising:

a metal heater case (20) having at one end
thereof a smaller diameter portion (22) whose
diameter is not larger than 4 mm and whose
length is not shorter than 15 mm and having at
the other end thereof a larger diameter portion
(24) whose diameter is larger than that of the
smaller diameter portion;

afirst coil (30), which is embedded via insulation
powder (26) in the smaller diameter portion of
the heater case and whose one end is electri-
cally connected with the heater case;
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a second coil (40), which is embedded via insu-
lation powder (26) in the heater case, whose one
end is connected to the other end of the first coil
and whose more than half in length is housed in
the smaller diameter portion; and

a housing (10) holding the heater case by en-
veloping a part of the larger diameter portion of
the heater case,

wherein a portion of the heater case correspond-
ing to the first coil shows highest temperature in
the heater case when rated voltage is applied
to the first and second coils and temperature of
the heater case is saturated,

the first coil (30) is made of a nickel chromium
alloy having a resistance change ratio of 1,
wherein the resistance change ratio is a ratio of
a resistance value at temperature of 1000°C
against a resistance value at temperature of
20°C, and

the second coil (40) is made of a cobalt iron alloy
having the resistance ratio of 5 to 14,
characterized in that

the resistance ratio, which is the ratio of the re-
sistance value of the first coil to the resistance
value of the second coil, is between 2 and 3.5
at the temperature of 20°C.

2. A glow plug according to claim 1, wherein the first

and second coils are placed outside the housing.

3. An engine comprising a glow plug according to any
one of claims 1 and 2 and a combustion chamber,
wherein a length of the heater case protruding into
said combustion chamber is not longer than 7mm,
when the glow plug is installed in said engine.

Patentanspriiche
1. Glihkerze, die Folgendes aufweist:

eine metallene Heizkérperummantelung (20),
die an ihrem einen Ende einen Abschnitt (22)
mit kleinerem Durchmesser aufweist, dessen
Durchmesser nicht gréRerem als 4 mm ist und
dessen Lange nicht kiirzer als 15 mm ist, und
die an ihrem anderen Ende einen Abschnitt (24)
mit gréRerem Durchmesser aufweist, dessen
Durchmesser groRer als derjenige des Ab-
schnitts mit kleinerem Durchmesser ist;

eine erste Wendel (30), die mittels Isolations-
pulver (26) in dem Abschnitt mit kleinerem
Durchmesser der Heizkdrperummantelung ein-
gebettet ist und deren eines Ende elektrisch mit
der Heizkérperummantelung verbunden ist;
eine zweite Wendel (40), die mittels Isolations-
pulver (26) in der Heizkérperummantelung ein-
gebettet ist, deren eines Ende mit dem anderen
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Ende der ersten Wendel verbunden ist und von
der mehr als die Halfte der Lange in dem Ab-
schnitt mit kleinerem Durchmesser unterge-
bracht ist; und

ein Gehause (10), das die Heizkdrperumman-
telung durch Umhiullen eines Teils des Ab-
schnitts mit gréBerem Durchmesser des Heiz-
korpergehauses halt,

wobei ein Abschnitt der Heizkérperummante-
lung, der der ersten Wendel entspricht, in der
Heizkdrperummantelung die héchste Tempera-
tur aufzeigt, wenn eine Nennspannung an die
erste und die zweite Wendel angelegt ist und
die Temperatur der Heizkdrperummantelung
gesattigt ist,

wobei die erste Wendel (30) aus einer Nickel-
Chrom-Legierung hergestellt ist, die ein Wider-
standsanderungsverhaltnis von 1 aufweist, wo-
bei das Widerstandsanderungsverhéaltnis ein
Verhaltnis eines Widerstandswerts bei einer
Temperatur von 1000°C gegenlber einem Wi-
derstandwert bei einer Temperatur von 20°C ist,
und

wobei die zweite Wendel (40) aus einer Kobalt-
EisenLegierung hergestellt ist, die ein Wider-
standsverhaltnis von 5 bis 14 aufweist,
dadurch gekennzeichnet, dass

das Widerstandsverhaltnis, das das Verhéltnis
des Widerstandswerts der ersten Wendel zu
dem Widerstandswert der zweiten Wendel ist,
bei der Temperatur von 20° zwischen 2 und 3,5
liegt.

Gliihkerze gemal Anspruch 1, wobei die erste und
die zweite Wendel auRerhalb des Gehéauses plat-
ziert sind.

Maschine mit einer Gliihkerze geman einem der An-
spriiche 1 und 2 und einer Brennkammer, wobei eine
Léange der Heizkdrperummantelung, die in die
Brennkammer hervorsteht, nicht Ianger als 7 mmiist,
wenn die Glihkerze in die Maschine eingebaut ist.

Revendications

Bougie a incandescence comprenant :

un boitier de I'élément chauffant métallique (20)
ayant, a une de ses extrémités, une portion de
plus petit diamétre (22), diamétre qui n’est pas
supérieur a 4 mm et dont la longueur n’est pas
inférieure a 15 mm et ayant sur son autre extré-
mité une portion de plus grand diametre (24),
diameétre qui est supérieur a celui de la portion
de petit diametre ;

une premiére bobine (30) qui est logée par l'in-
termédiaire de poudre isolante (26) dans la por-

15

20

25

30

35

40

45

50

55

tion de plus petit diamétre du boitier de I'élément
chauffant et dont une extrémité est raccordée
électriquement au boitier de I'élément
chauffant ;

une seconde bobine (40) qui est logée par I'in-
termédiaire de poudre isolante (26) dans le boi-
tier de I'élément chauffant, dont une extrémité
est raccordée a l'autre extrémité de la premiére
bobine et dont plus de la moitié de sa longueur
estlogée dans la portion de plus petit diamétre ;
et

un logement (10) contenant le boitier de I'élé-
ment chauffant en enveloppant une partie de la
portion de plus grand diametre du boitier de
I'élément chauffant,

dans lequel une portion du boitier de I'élément
chauffant correspondant a la premiére bobine
présente la température la plus élevée dans le
boitier de I'élément chauffantlorsqu’une tension
nominale est appliquée sur les premiere et se-
conde bobines et que la température du boitier
de I'élément chauffant est saturée,

la premiere bobine (30) est réalisée a partir d’'un
alliage chrome nickel ayant un rapport de mo-
dification de résistance de 1, dans lequel le rap-
port de modification de résistance est un rapport
d’'une valeur de résistance a une température
de 1000°C par rapport a une valeur de résistan-
ce a une température de 20°C, et

la seconde bobine (40) estréalisée en un alliage
fer cobalt ayant le rapport de résistance entre 5
et 14,

caractérisée en ce que

le rapport de résistance qui est le rapport de la
valeur de résistance de la premiére bobine et
de la valeur de résistance de la seconde bobine
se situe entre 2 et 3,5 a la température de 20°C.

Bougie a incandescence selon la revendication 1,
dans laquelle les premiére et seconde bobines sont
placées a 'extérieur du logement.

Moteur comprenantune bougie aincandescence se-
lon I'une quelconque des revendications 1 et 2 et
une chambre de combustion, dans laquelle la lon-
gueur du boitier de I'élément chauffant faisant saillie
dans ladite chambre de combustion n’est pas supé-
rieure a 7 mm lorsque la bougie a incandescence
est montée dans ledit moteur.
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