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GLOW PLUG 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a glow plug, par 
ticularly of the kind for use in a diesel engine. 

[0002] A gloW plug for a diesel engine has an electric 
resistor or electric resistors, e.g., of coil type for performing 
a heating function and a temperature control function. 

[0003] Research has been made on resistive material for 
such an electric resistor or electric resistors, Which contains 
iron-group metals (i.e., iron, nickel and cobalt) as major 
components. This kind of resistive material has a positive 
temperature characteristic for electrical resistance so that the 
ratio of the electrical resistance at room temperature to the 
electric resistance at elevated temperature (hereinafter 
referred to as the resistance ratio) rises up With an increase 
in the temperature of the resistive material. 

[0004] An example of such resistive material is disclosed 
in Japanese Laid-Open Patent Publication No. 58-83124 
(JP-A-58-83124). According to JP-A-58-83124, a preheat 
ing plug has a heating resistance unit made of a Fe—Ni—Co 
alloy that comprises 40 to 70% by Weight cobalt, 2 to 15% 
by Weight nickel and the remainder of iron. As shoWn in 
FIG. 1 of JP-A-58-83124, the Fe—Ni—Co alloy has a 
resistance ratio that rapidly rises With temperature increase 
up to about 900° C., and attains a good quick heating ability 
With toughness. 

[0005] Another example of the resistive material is dis 
closed in US. Pat. No. 5,093,555. In accordance With US. 
Pat. No. 5,093,555, an electrical resistance element is made 
of a Fe—Ni—Co alloy essentially consisting of 20 to 35% 
by Weight iron and the remainder of nickel and cobalt. In 
FIG. 1 of US. Pat. No. 5,093,555, the resistance ratios of 
iron and nickel are indicated by curves 4 and 5, respectively. 
As nickel has a loWer Curie temperature than iron, the 
resistance ratio of nickel starts to settle doWn at a loWer 

temperature around 400° C. than that of Iron. Further, the 
resistance ratio of another alloy (i.e., a Fe—Co alloy) is 
shoWn in FIG. 1A of US. Pat. No. 5,093,555. This Fe—Co 
alloy contains 25% by Weight iron, and has a resistance ratio 
that starts to increase rapidly at around 800° C. and starts to 
settle doWn at around900° C. On the other hand, a family of 
Fe—Ni—Co alloys de?ned by US. Pat. No. 5,093,555 has 
resistance ratios as indicated by curves 1, 2 of FIG. 1 and 
curve 3 of FIG. 3. Each of these Fe—Ni—Co alloys exhibits 
a hysteresis curve in its resistance ratio-temperature char 
acteristic so that the resistance ratio rises up to about 1000° 
C. and starts to settle doWn at around 1000° C. In other 
Words, the Fe—Ni—Co alloy de?ned by US. Pat. No. 
5,093,555 can attain a good quick heating ability up to about 
1000° C. and can perform a ?ne temperature control func 
tion from about 1000° C. 

[0006] Still another example is disclosed in US. Pat. No. 
5,319,180. In accordance With US. Pat. No. 5,319,180, a 
sheathed-element gloW plug has a resistor element com 
posed of tWo resistor spirals. One of the resistor spirals 
performs a temperature control function, and is made of a 
Fe—Co alloy containing 6 to 18% by Weight iron (prefer 
ably, 12 to 14% by Weight iron), 81 to 94% by Weight cobalt 
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and any remainder not exceeding 1% by Weight. This 
Fe—Co alloy maintains a face-centered cubic material struc 
ture throughout an operating temperature range of the gloW 
plug so that the resistor spiral is not broken. 

SUMMARY OF THE INVENTION 

[0007] From groWing aWareness of environmental con 
cerns in the recent years, it has become necessary to keep 
heating the gloW plug for a longer time than before, after the 
starting of the diesel engine, so that exhaust gas from the 
engine becomes cleaner. It is therefore being demanded that 
the resistive material of the electric resistor attains not only 
a quick heating ability and a self-temperature control func 
tion but also high durability. HoWever, any conventional 
resistive material disclosed in e.g., the above patent docu 
ments is easily oxidiZed due to its relatively high iron 
content. Namely, the conventional resistive material does 
not have enough oxidation resistant for long-time heating. 

[0008] In addition, the resistive material With its high 
cobalt content has come into use, particularly for the electric 
resistor that performs the temperature control function, as 
disclosed in the above patent documents. HoWever, When the 
resistive material contains a relatively large amount of 
cobalt, its Workability becomes loWered. It is therefore 
dif?cult to shape the material into a ?ner Wire, especially by 
cold-Working, to be used as the electric resistor of coil type. 
This results in failure to meet an increasing demand of 
doWnsiZing the gloW plug. 

[0009] In vieW of the foregoing, the present invention has 
been made to provide a gloW plug With an electric resistor, 
Which is free from the above-described draWbacks and can 
satisfy the folloWing requirements [1] to [3] adequately. 

[0010] [1] The electric resistor has a high resistance ratio 
so that the gloW plug can attains an excellent quick heating 
ability. 

[0011] [2] The electric resistor has high oxidation resis 
tance so that the gloW plug has a long life even When used 
for long-time heating. 

[0012] [3] The electric resistor can be shaped into a ?ne 
Wire so that the gloW plug can be doWnsiZed. 

[0013] To achieve the above objects, the invention pro 
vides a gloW plug having an electric resistor that comprises 
20 to 60% by Weight nickel, less than 5% by Weight iron, and 
the balance being cobalt and unavoidable impurities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The invention Will be more clearly understood 
from the folloWing description, given by Way of example 
only, With reference to the accompanying draWings in 
Which; 

[0015] FIG. 1 is a sectional vieW of a gloW plug for a 
diesel engine, comprising a single coil (i.e., a heating/control 
coil) according to a ?rst embodiment of the invention; 

[0016] FIG. 2 is a sectional vieW of a gloW plug for a 
diesel engine, comprising tWo coils (i.e., a heating coil and 
a control coil) according to a second embodiment of the 
invention; 
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[0017] FIG. 3 is a sectional vieW of a glow plug for a 
diesel engine, comprising three coils (i.e. a heating coil, a 
control coil and an additional coil) according to a third 
embodiment of the invention; 

[0018] FIG. 4 is a composition diagram of materials for 
electric resistors according to the invention; and 

[0019] FIG. 5 is a graph shoWing resistance ratio-tem 
perature characteristics of materials used for electric resis 
tors according to embodiments of the invention and to 
comparative examples. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] A gloW plug according to the invention has an 
electric resistor made of a material comprising 20 to 60% by 
Weight nickel, less than 5% by Weight iron, and the balance 
being cobalt and unavoidable impurities, based on the total 
Weight of the material. As intended by the invention, the 
electric resistor can serve as a heating coil and/or a control 

coil When the gloW plug is structured as e.g., the folloWing 
embodiments. 

[0021] The structures of gloW plugs 11 to 13 according to 
?rst to third of the invention Will be described With reference 
to FIGS. 1 to 3, respectively. Herein, like parts and compo 
nents are designated by the same reference numerals to 
avoid duplicating the description. 

[0022] The gloW plug 11 of the ?rst embodiment com 
prises a sheathed tube 5 (hereinafter referred to as a tube) 
made of, e.g., stainless steel or Inconel (Inconel is trade 
name), and a heating/control coil 3 arranged Within the tube 
5. The heating/control coil 3 combines tWo functions: one is 
a heating function and the other is a temperature control 
function. The heating/control coil 3 has loW electrical resis 
tance in the initial stage of energiZation, so that the heating/ 
control coil 3 is supplied With relatively large electricity and 
is heated rapidly to a higher temperature. During the heating, 
the electrical resistance of the heating/control coil 3 
increases due to its positive temperature coefficient of resis 
tance, thereby regulating the electricity. As a consequence, 
the temperature of the gloW plug 11 settles doWn to a 
saturated temperature. 

[0023] The gloW plug 12 of the second embodiment 
comprises a tube 5, a heating coil 1 arranged in a front-end 
portion Within the tube 5, and a control coil 2 electrically 
connected in series to the heating coil 1 Within the tube 5. In 
this structure, the heating coil 1 and the control coil 2 
perform a heating function and a temperature control func 
tion, respectively. 

[0024] The gloW plug 13 of the third embodiment com 
prises a tube 5, a heating coil 1, a control coil 2, and a coil 
4 arranged betWeen the heating coil 1 and the control coil 2 
Within the tube 5. The coil 4 prevents electricity supply from 
being regulated in the initial stage of energiZation. 

[0025] In each of the gloW plugs 11 to 13, the tube 5 is 
?lled With an electrical insulating material 6 of, e. g., 
magnesia (MgO), so that each coil is buried and ?xed 
therein. Each of the gloW plugs 11 to 13 further comprises 
a ?tting 7 for retaining the tube 5. 
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[0026] As mentioned above, a gloW plug is required to 
provide quick heating performance and to keep its operating 
temperature at a saturation temperature after the heating. In 
other Words, it is demanded that the material for the electric 
resistor of the gloW plug has a quick heating ability and a 
self-temperature control function. The quick heating ability 
and the self-temperature control function can be achieved by 
the folloWing characteristic of the material: the electrical 
resistance is loW at a loW temperature in the initial stage of 
energiZation so that the material is supplied With relatively 
large electricity, and then, the electrical resistance rises 
rapidly With temperature increase so that the material is 
supplied With smaller electricity. A high-performance gloW 
plug can be provided With an electric resistor made of a 
material having such characteristics. 

[0027] In addition, in order to use such a material for the 
electric resistor of coil type, the material needs to be shaped 
into a ?ne Wire of a diameter of several hundred pm. When 
the material is of a hexagonal cobalt-containing alloy, it is 
hard to shape the material into a ?ne Wire of the above 
diameter, especially by cold-Working. HoWever, the Work 
ability of the material can be improved by changing its 
crystal structure from an unWorkable hexagonal crystal 
structure to an easily Workable cubic crystal structure. 

[0028] Accordingly, When the material of the electric 
resistor comprises less than 20% by Weight nickel, the 
Workability of the material becomes so loW that the material 
cannot be shaped into a ?ne Wire of a diameter of several 
hundred pm by cold-Working. On the other hand, When the 
material comprises more than 6% by Weight nickel and not 
less than 5% by Weight iron, the oxidation resistance of the 
material becomes loW, at the same time, the resistance ratio 
of the material becomes too small to attain an adequate quick 
heating ability. It is therefore essential, according to the 
invention, that the material comprises 20 to 60% by Weight 
nickel, less than 5% by Weight iron and the balance of cobalt 
and unavoidable impurities so as to attain an excellent quick 
heating ability, high oxidation resistance and good Work 
ability. 

[0029] Also, the material according to the invention does 
not change its volume rapidly due to ot/y phase conversion 
during the heating as often observed in conventional Fe—Co 
alloys. This makes it possible to prevent the breaking of 
electric resistor from occurring. 

[0030] Further, the material according to the invention has 
a cubic crystal structure. Therefore, the Workability of the 
material can be highly improved so that the material can be 
easily shaped into a ?ne Wire by cold-Working. 

[0031] In the case Where the gloW plug of the invention is 
structured as shoWn in FIG. 2 or 3, it may be necessary to 
connect the electric resistor to another electric resistor of a 
different material by Welding. As the material according to 
the invention has high oxidation resistance, it is not easily 
oxidiZed during the Welding, i.e., provides good Weldability. 

[0032] Particularly, it is preferable to satisfy the folloWing 
equation: X+7Y§70, in Which X and Y are the contents of 
nickel and of iron in terms of % by Weight in the above 
mentioned composition of the material. When this equation 
is satis?ed (e.g., the content of nickel increases With 
decrease in the content of iron), the material can attain 
particularly high oxidation resistance. 
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[0033] Herein, for explanation purpose, a ?rst composi 
tion is de?ned as comprising 20 to 60% by Weight nickel and 
less than 5% by Weight iron. Also, a second composition is 
herein de?ned as satisfying the equation: X+7Y§70 Within 
the ?rst composition. 

[0034] The ?rst and the second compositions are indicated 
in FIG. 4, as described beloW. It is noted that vertical and 
horiZontal axes of FIG. 4 represent the contents of iron and 
of nickel in terms of % by Weight, respectively, but are not 
on the same scale. The ?rst composition corresponds to an 
area Within a rectangular area de?ned by apexes A, B, C and 
D, except for a line CD, in FIG. 4. The second composition 
corresponds to an area Within a pentagonal area de?ned by 
apexes A, B, E, F and D, except for a line DF, in FIG. 4. The 
coordinate values of the apexes A, B, C, D, E, F, indicative 
of (the content of iron, the content of nickel), are (20, 0), (60, 
0), (60, 5), (20, 5), (60, 1.43) and (35, 5), respectively, in 
terms of % by Weight. 

[0035] In order to achieve suitable oxidation resistance in 
addition to a suitable resistance ratio for the electric resistor 
of the gloW plug, it is desirable that the material of the 
electric resistor contains a less amount of iron. On the other 
hand, When the material contains a less amount of iron, its 
Workability becomes loWered. 

[0036] Further, the material of the electric resistor is 
oxidiZed from its surface, thereby causing an increase in the 
electrical resistance With progress in oxidation. In the case 
Where the material is shaped into a ?ner Wire, such an 
increase in the electrical resistance becomes remarkable. 

[0037] HoWever, When the material of the invention has 
the second composition, it becomes possible to maintain the 
resistance ratio of the material appropriately Without dete 
riorating the Workability, at the same time, becomes possible 
to highly improve the oxidation resistance of the material. 
As a result, the material of the second composition is 
oxidiZed especially sloWly from its Wire surface, and its 
electrical resistance increases only slightly With the process 
in oxidation. That is, the material of the second composition 
can be made more durable (i.e., have a longer life) particu 
larly than any conventional material shaped into a Wire of 
the same diameter. Even When the material of the second 
composition is shaped into a ?ner Wire, the gloW plug can 
attain a suf?ciently long life. This leads to the doWnsiZing of 
the gloW plug. 

[0038] Moreover, the material according to the invention 
is usable not only for a control coil but also for a heating coil 
due to its high oxidation resistance. The electric resistor of 
the invention can combine a heating function With a tem 
perature control function, as illustrated in FIG. 1. 

[0039] A relationship betWeen the compositions and the 
abilities of the material can be summarized as folloWs With 
reference to FIG. 4. The material of the ?rst composition 
can attain an excellent quick heating ability, long durability 
and good Workability. The material of the second composi 
tion can attain a more excellent quick heating ability and 
longer durability. When the material has a composition 
de?ned by a triangular area With apexes C, E and F, the 
material does not attain so good quick heating ability and so 
high durability as the material of the second composition 
does. 
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[0040] The unavoidable impurities, contained in the mate 
rial according to the invention, may include carbon, silicon, 
titanium, manganese, chrome, aluminum, boron and/or bis 
muth. It is preferred that carbon is contained in an amount 
of 0.1% by Weight or less, and that silicon, titanium, 
manganese, chrome, aluminum, boron and bismuth are 
contained in an amount of 0.1% by Weight or less in total. 
When the material contains more than the above amounts of 
these unavoidable impurities, there is a tendency that the 
Workability of the material is often deteriorated. 

[0041] Furthermore, the material according to the inven 
tion may additionally comprise up to 3% by Weight vana 
dium and up to 3% by Weight tungsten, or may additionally 
comprise up to 8% by Weight molybdenum. Preferably, the 
material of the invention may comprise up to 3% by Weight 
vanadium, up to 3% by Weight tungsten and up to 8% by 
Weight molybdenum. The material With the above-men 
tioned vanadium, tungsten and/or molybdenum contents has 
higher thermal resistance and higher oxidation resistance 
(e.g., higher strength at elevated temperature and higher 
creep strength), While maintaining an excellent quick heat 
ing ability and a self-temperature control function. 

[0042] It is also preferred that a resistance ratio of 
p(1000)/p(20) falls Within a range from 7 to 12, in Which 
p(20) and p(1000) are the electrical resistance of the mate 
rial at 20° C. (i.e., room temperature) and at 1000° C. 
respectively. When the resistance ratio of p(1000)/p(20) is 
equal to or greater than 7 and the temperature coef?cient of 
resistance of the material monotonously increases from 
room temperature to a temperature about 800° C., it 
becomes easier to regulate electricity supply to the electric 
resistor effectively. The temperature of the electric resistor 
can be therefore controlled ?nely. 

[0043] Although it is desirable that the material of the 
electric resistor has a higher resistance ratio to improve its 
quick heating ability and self-temperature control function, 
the resistance ratio of p(1000)/p(20) hardly becomes larger 
than 12 according to the invention. It is because the inven 
tion has been made so as to improve the oxidation resistance 
and Workability of the material as Well as to attain the quick 
heating ability and self-temperature control function. The 
conventional resistive material recited in, e.g., JP-A-58 
83124 and US. Pat. No. 5,093,555 may have a resistance 
ratio of p(1000)/p(20) greater than 12, but such resistive 
material is loWer in oxidation resistance than the material of 
the invention due to its iron and nickel contents. 

[0044] The invention Will be speci?cally illustrated in 
more detail by Way of the folloWing examples. 

EXAMPLE 11 

[0045] Samples 1 to 7 (materials having a variety of 
compositions according to the invention) and Samples 9 to 
12 (materials of comparative examples) Were given by the 
folloWing procedures, respectively. The components listed 
in TABLE 1 Were dissolved Within an induction heater in a 
vacuum and Were cast into a casting mold of a diameter of 
25 mm, thereby obtaining a cast alloy. The surface of the cast 
alloy Was removed by cutting for the purpose of removing 
surface de?ciencies caused during the casting. Then, the cast 
alloy Was formed into a Wire of a diameter of 10 mm by 
hot-casting. The Wire Was treated With heat at 900° C. for 1 
hour. While repeating cold-Wiring and heat-treating, the cast 
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alloy was formed in a wire of a predetermined diameter of 
0.15 to 0.35 mm. The cast alloy of Samples 9 and 11 were 
found to be unworkable into such thin wires. Sample 8 
(comparative example) was a wire given by coating a 
commercially available steel wire with nickel. Sample 10 
(comparative example) was a commercially available nickel 
wire. 

[0046] For each of Samples 1 to 8, 10 and 12, the 
resistance ratio between the electrical resistance at 20° C. 
(i.e., room temperature) and the electrical resistance at 
1000° C., the temperature coefficient of resistance, the limit 
workability in cold-working and the oxidation resistance 
were evaluated. The evaluation results are indicated in 
TABLE 1. Also, the resistance ratio-temperature character 
istics are indicated in FIG. 5 for Samples 1 to 8, 10 and 12. 
Samples 9 and 11 were left out from the evaluation, because 
those samples were found to be unworkable as described 
above. 

[0047] In TABLE 1, the temperature coefficient of resis 
tance was marked as follows. 

[0048] A: The temperature coefficient of resistance 
monotonously increases over the range from room 
temperature up to at least 800° C. 

[0049] B: The temperature coefficient of resistance 
decreases at a temperature lower than 800° C. 
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[0057] As is apparent from TABLE 1 and FIG. 5, it has 
been found that Samples 1 to 7 according to the invention 
attain good workability, high resistance ratio and high oxi 
dation resistance. Namely, any of Samples 1 to 7 is suitable 
for the electric resistor of the glow plug. 

[0058] Herein, Sample 7 does not satisfy the equation: 
X+7Yé70. as X+7Y equals 78 (i.e. , is over 70). Thus, 
Sample 7 had a little lower resistance ratio than Samples 1 
to 6. Further, the temperature coefficient of resistance of 
Sample 7 decreases at a lower temperature (about 700° C.) 
than those of Samples 1 to 6. 

[0059] Sample 12, containing 8% by weight iron, was 
good at workability, but was a little low in oxidation 

resistance. On the other hand, Sample 9, containing 4% by 
weight iron with no nickel, was better at oxidation resistance 

than Sample 12, but was so low in workability that it was 

unable to be cold-worked. Based on the comparison between 

Samples 9 and 12, it has been understood that the material 
for the electric resistor needs to comprise a predetermined 
amount of nickel therein. 

TABLE 1 

TEMPARATURE 
SAM- COMPOSITION (Wt %) COEFFICIENT LIMIT 

PLE IMPURITIES RESISTANCE OF WORKABILITY OXIDATION 

NO. Ni Fe CO V W MO C OTHERS RATIO RESISTANCE (%) RESISTANCE 

EXAMPLES 1 40 — (r) — — — 0.04 0.07 8.9 A 90 A 

2 25 4 (r) — — — 0.02 0.08 9.8 A 92 B 

3 45 2 (r) 1.5 1.1 5.0 0.06 0.04 8.5 A 88 A 
4 40 4 (r) — — — 0.02 0.02 8.7 A 93 B 

5 55 1 (r) 3.3 1 6 4.5 0.03 0.08 6.7 B 86 A 
6 25 2 (r) _ _ _ 0.15 0.03 9.5 A 75 A 

7 50 4 (r) — — — 0.03 0.05 7.9 B 90 B 

COMPARATIVE 8 (steel wire coated with nickel) 9.2 B — D 
EXAMPLES 9 — 4 (r) — — — 0.02 0.03 — — unworkable — 

10 100 — — — — — — — 6.3 B 99 or more A 

11 10 4 (r) — — — 0.02 0.26 — — unworkable — 

12 — 8 (r) — — — 0.02 0.04 10.7 A 92 C 

The content of Co is marked “(r)” in TABLE 1, indicating that the composition except for Ni, Fe, V, W, Mo and impurities was balanced with Co in 
each sample. 

[0050] Further, in TABLE 1, “OTHERS” under the head 
ing of “COMPOSITION” refer to silicon, titanium, manga 
nese, chrome, aluminum, boron and bismuth, and their total 
content is indicated for each sample. 

[0051] The resistance ratio was de?ned as p(1000)/p(20), 
where p(20) is the electrical resistance at 20° C. and p(1000) 
is the electrical resistance at 1000° C. 

[0052] The oxidation resistance was examined after plac 
ing each sample in the air at 900° C. for 50 hours and was 
rated as follows in TABLE 1. 

[0053] A: Very High 

[0054] B: High 
[0055] C: A Little Low 

[0056] D: Low 

EXAMPLE 2 

[0060] Glow plugs of Embodiments 101 to 104 according 
to the invention and of Comparative Examples 105 to 107 
were produced as described below. In each of the examples 
and the comparative examples, the glow plug was structured 
to have two coils, i.e., a heating coil and a control coil in a 
tube with an electrical insulating powder, as shown in FIG. 
2. The tube was made of SUS 310S or Inconel 601, and was 
sealed at its one end. The electrical insulating powder was of 
magnesia powder. The heating coil was made of a Fe—Cr 
alloy or a Ni—Cr alloy as shown in TABLE 2. The control 
coil was made by shaping the sample listed in TABLE 2, 
which had been given in Example 1 and formed as a wire of 
0.15 to 0.35 mm in diameter, into a coil form without 
heating. 
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[0061] Then, While supplying each of the glow plugs of 
the embodiments and of the comparative examples With a 
direct-current voltage of 11 V, the time required to raise the 
surface temperature of the gloW plug from room temperature 
to 800° C. Was measured as the basis for quick heating 
ability. (Hereinafter, the time required to raise the surface 
temperature of the gloW plug to 800° C. is just referred to as 
the time to reach 8000 C.) Subsequently supplying the 
direct-current voltage of 11 V, the surface temperature of the 
gloW plug Was measured after 30 seconds from the time to 
reach 800° C. as the basis for self-temperature control 
function. (Hereinafter, the surface temperature of the gloW 
plug after 30 seconds from the time to reach 800° C. is just 
referred to as the temperature after 30 sec.) 

[0062] Further, What is so called, heat cycle examination 
Was performed to evaluate durability. In one cycle of this 
heat cycle examination, the gloW plug Was energiZed With a 
direct-current voltage of 13 V for 300 seconds, and then, 
cooled by shutting off electricity for 60 seconds. In TABLE 
2, the durability Was rated as folloWs for each of the 
embodiments and the comparative examples. 

[0063] A: The control coil did not break While repeat 
ing 5000 cycles of the heat cycle examination. 

[0064] B: The control coil broke in process of 5000 
cycles of the heat cycle examination. 

[0065] Also, Weldability betWeen the control coil and the 
heating coil Was evaluated as folloWs. 

[0066] A; Phase conversion did not occur in a Weld 
ing portion betWeen the control coil and the heating 
coil. 

[0067] B: Phase conversion was difficult to occur due 
to the presence of nickel in the control coil, although 
iron contained in the heating coil Was distributed into 
the Welding portion during the heating. 

[0068] C: ot/y phase conversion Was easy to occur due 
to the distribution of iron from the heating coil into 
the Welding portion during the heating. 

[0069] It has become apparent from TABLE 2 that the 
gloW plugs of the Embodiments 101 to 104 attain higher 
durability. That is, the gloW plugs of the Embodiments 101 
to 104 according to the invention have longer lives and are 
more reliable than the comparative examples. 

TABLE 2 
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MATERIALS 

HEATING COIL CONTROL COIL 800° C. (sec) 

TIME TO REACH TEMPERATURE 

AFTER 30 sec (° C.) DURABILITY WELDABILITY 

EMBODIMENT 101 Fe—Cr Alloy Sample No. 

102 Fe—Cr Alloy Sample No. 
103 Ni—Cr Alloy Sample No. 
104 Ni—Cr Alloy Sample No. 

COMPARATIVE 105 Fe—Cr Alloy Sample No. 

EXAMPLE 106 Ni—Cr Alloy Sample No. 
107 Fe—Cr Alloy Sample No. 12 

OOOONHNH 
4.5 

4.5 

5.0 

5.0 

4.5 

5.0 

4.5 

980 

980 

960 

960 

980 

960 

980 >WW>>>> 
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EXAMPLE 3 

[0070] GloW plugs of Embodiments 201 and 202 accord 
ing to the invention and of Comparative Example 203 Were 
manufactured based on Example 2. In each of the embodi 
ments and the comparative example, the gloW plug Was 
con?gured to have three coils, i e., a heating coil, a control 
coil and a coil betWeen the heating coil and the control coil 
in, as shoWn in FIG. 3. The heating coil Was made of a 
Fe—Cr alloy, While the control coil Was made of the sample 
listed in TABLE 3 that had been given in Example 1. The 
coil betWeen the heating coil and the control coil Was made 
of pure nickel, Which is loW in electrical resistance. 

[0071] The gloW plugs of Embodiments 201 and 202 and 
of Comparative Example 203 Were evaluated in the same 
manner to Example 2. The evaluation results are indicated in 
TABLE 3. 

[0072] As is apparent from TABLE 3, the gloW plugs of 
Embodiments 201 and 202 according to the invention are 
also found to have longer lives and to be more reliable than 
the comparative example. 

TABLE 3 

May 23, 2002 

[0076] According to the invention, there is provided a 

gloW plug comprising an electric resistor With an excellent 

quick heating ability, a self-temperature control function, 
high oxidation resistance and good Workability, as described 

above. It is therefore possible to increase the design freedom 

of gloW plug, at the same time, to provide the gloW plug With 

high performance, long operating lifetime and high reliabil 
ity. 

[0077] Although the invention has been described With 

reference to speci?c embodiments of the invention, the 

invention is not limited to the above-described embodi 

ments. Modi?cation and variation of the embodiments 

described above Will occur to those skilled in the art in light 

of the above teaching. The scope of the invention is de?ned 

With reference to the folloWing claims. 

MATERIALS 

HEATING COIL COIL CONTROL COIL 

TIME TO REACH TEMPERATURE 

800° c. (sec) AFTER 30 sec (° c.) DURABILITY 

EMBODIMENT 201 Fe—Cr Alloy pure Ni Sample No. 1 4.0 900 A 
202 Fe—Cr Alloy pure Ni Sample No. 2 4.0 900 A 

COMPARATIVE 203 Fe—Cr Alloy pure Ni Sample No. 8 4.0 900 B 
EXAMPLE 

EXAMPLE 4 What is claimed is: 

[0073] GloW plugs of Embodiments 301 and 302 accord 
ing to the invention and of Comparative Example 303 Were 
manufactured based on Example 2. In each of the embodi 
ments and the comparative example, the gloW plug Was 
con?gured to have a single coil (i.e., a heating/control coil), 
as shoWn in FIG. 1. The heating/control coil Was made of 
the sample listed in TABLE 4 that had been given in 
Example 1. 

[0074] The gloW plugs of Embodiments 301 and 302 and 
of Comparative Example 303 Were evaluated in the same 
manner to Example 2. The evaluation results are indicated in 
TABLE 4. 

[0075] As is apparent from TABLE 4, it has been found 
that the gloW plugs of Embodiments 301 and 302 according 
to the invention have longer lives and are more reliable than 
the comparative example. 

TABLE 4 

MATERIALS TIME TO TEMPER 
HEATING/ REACH AT URE 
CONTROL 8000 C. AFTER 30 DURA 

COIL (sec) sec (O C.) BILITY 

EMBODI- 301 Sample NO. 1 13 1030 A 
MENT 302 Sample NO. 2 13 1030 A 
COMPARA- 303 pure Ni 13 1030 B 
TIVE 
EXAMPLE 

1. A gloW plug having an electric resistor comprising 20 
to 60% by Weight nickel, less than 5% by Weight iron, and 
the balance being cobalt and unavoidable impurities. 

2. The gloW plug according to claim 1, Wherein the 
folloWing equation is satis?ed: X+7Y§70, Where X and Y 
are the contents of nickel and iron in terms of % by Weight, 
respectively. 

3. The gloW plug according to claim 1, Wherein the 
unavoidable impurities include 0.1% by Weight or less 
carbon, and 0.1% by Weight or less silicon, titanium, man 
ganese, chrome, aluminum, boron and bismuth in total. 

4. The gloW plug according to claim 1, Wherein the 
electric resistor further comprises 3% by Weight or less 
vanadium, and 3% by Weight or less tungsten. 

5. The gloW plug according to claim 1, Wherein the 
electric resistor further comprises 8% by Weight or less 
molybdenum. 

6. The gloW plug according to claim 5, Wherein the 
electric resistor further comprises 3% by Weight or less 
vanadium, and 3% by Weight or less tungsten. 

7. The gloW plug according to claim 1, Wherein a resis 
tance ratio of p(1000)/p(20) falls Within a range from 7 to 
12, Where p(20) and p(1000) are the electrical resistance of 
the electric resistor at 20° C. and at 1000° C., respectively. 


