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[57] ABSTRACT 
A spark plug for internal combustion engines provided 
with a noble metal tip on the pointed top of a spark plug 
center electrode. The noble metal tip is welded to the 
center electrode top end by heating and pressing the 
portion to be welded After the welding, the center 
electrode is shaped to provide the pointed top. The 
noble metal tip is a platinum alloy consisting of platinum 
of 85 through 70 in weight percentage and iridium of 15 
through 30 in weight percentage. 

15 Claims, 2 Drawing Sheets 
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SPARK PLUG AND METHOD OF 
MANUFACTURING THE SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a division of application Ser. No. 372,148, ?led 
Apr. 27, 1982, which has been abandoned in favor of a 
continuation thereof, Ser. No. 712,917, ?led Mar. 8, 
1985, now US. Pat. No. 4,893,051. 

BACKGROUND OF THE INVENTION 

The present invention relates to a spark plug for an 
internal combustion engine and a method for manufac 
turing the same, and more particularly to a spark plug 
provided with a noble metal tip on the center electrode 
top end opposing the ground electrode and a method 
for manufacturing the same having such a center elec 
trode. 

Spark plugs used to ignite a combustible mixture 
supplied to internal combustion engines are subjected, 
during long use, to electrode wear which degrades the 
spark discharge characteristics of the spark plug. It has 
been suggested that the spark plug be provided with a 
noble metal such as platinum on the top end of the 
center electrode where the spark discharge is generated 
to thereby enhance the durability and hence maintain 
the desired spark discharge characteristics. 
One type of spark plug suggested in Japanese Utility 

Model publication No. 53-38046 and Japanese Patent 
Laid-Open No. 66945, for example, is provided with a 
noble metal tip plugged up in a recess drilled axially in 
the center electrode top end opposing the ground elec 
trode. This spark plug requires a drilling process to 
form the recess and requires a considerable quantity of 
noble metal tip to ?ll the recess to the extent that the 
noble metal tip is free of attrition or the like, thus result 
ing in impracticality for commercial production with 
respect to manufacturing cost. 
The other type of spark plug suggested in Japanese 

Utility Model Laid-open No. 54-92227, for example, is 
provided with the noble metal coating over the center 
electrode top end. The bonding between the center 
electrode and the coating is not sufficient to prevent 
attrition of the coated noble metal caused during long 
use by the heat deterioration of the noble metal and the 
oxidization of the electrode material, thus also resulting 
in irnpracticality for commercial production with re 
spect to product durability. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present inven 
tion to provide a spark plug and a method of manufac 
ture therefor which improve the above drawbacks. 

It is a further object of the present invention to pro 
vide a spark plug and a method of manufacture therefor 
which are more practical for commercial production 
with regard to manufacturing cost and product durabil 
ity. 

It is a still further object of the present invention to 
provide a spark plug and a method of manufacture 
therefor which use a lesser quantity of noble metal but 
assures sufficient bonding between the center electrode 
and the noble metal so that the spark plug can be used 
for a longer period of time without electrode wear. 
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2 
According to the present invention, a noble metal 

shaped in a thin disk tip is welded to the center elec 
trode top end by resistance welding. Then the top end 
portion of the center electrode is cut circumferentially 
to provide the center electrode with a pointed top on 
which the noble metal remains welded. The noble metal 
tip welded to the center electrode top end is a platinum 
alloy including iridium of 15 through 30 in weight per 
centage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view showing, partly in cross section, 
a spark plug according to a ?rst embodiment of the 
present invention; 

FIG. 2 is an enlarged view showing, in cross section, 
a part of the spark plug shown in FIG. 1; 
FIGS. 3 through 5 are side views showing the pro 

cess of manufacturing the center electrode of the spark 
plug shown in FIGS. 1 and 2; 
FIG. 6 is a side view showing the center electrode 

having a pointed top; 
FIG. 7 is a chart showing the relation between the 

welding current and the bonding surface between the 
center electrode and the noble metal tip; 
FIG. 8 is a chart showing the relation between the 

bonding area of the noble metal tip to the center elec 
trode and the con?guration of the center electrode 
pointed top determined in terms of the length and the 
diameter thereof; and 
FIG. 9 is an enlarged view, showing in cross section 

a part of the spark plug according to a second embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring ?rst to FIGS. 1 and 2 showing a ?rst em 
bodiment of the present invention, a center electrode 1, 
made of a base metal including a nickel, chrome and 
other elements (as known in the art), and which is elec 
trically conductive, heat resistant and corrosion resis 
tant is securely encased and support in an insulator 3. As 
shown in FIG. 2, the center electrode 1 is formed with 
a pointed top 1b of small diameter which extends from 
a trunk la of large diameter through a taper 1c. The 
pointed top 1b assures good spark discharge character 
istics, and the taper 1c promotes the propagation of 
?ame generated by the spark discharge. A noble metal 
2, such as platinum shaped in a small disk which is 0.7 
mm in diameter and 0.3 mm in thickness, for example, is 
welded to the top end of the center electrode pointed 
top 1b. An electrically conductive carbon rod 4 is in 
serted in the axial through hole 3a of the insulator 3. An 
electrically conductive brass terminal 5 is in threaded 
engagement with the carbon rod 4. A cylindrical hous 
ing 6 made of an electrically conductive, heat resistant 
and corrosion resistant metal securely encases the bot 
tom half of the insulator 3 therein, through an airtight 
ring packing 7 and a caulking ring 8. The housing 6 has 
a thread portion 6a to be threaded to the cylinder head 
of an internal combustion engine (not shown). A ground 
electrode 9 made of the like base metal as the center 
electrode 1 is welded at one end thereof to the bottom 
end of the housing 6 to be electrically conductive there 
with and is bent to face the pointed top 1b of the center 
electrode 1 leaving an air gap therebetween. The elec 
trodes 1 and 9 are electrically insulated by the insulator 
3 and the air gap. An electrically conductive glass seal 
10 which is a mixture of copper powder and glass hav 
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ing a low melting point (as known in the art) is ?lled in 
the through hole 3a of the insulator 3 to electrically 
connect the center electrode 1 with the carbon rod 4 
and to securely support the same within the insulator 3. 
The spark plug, and the center electrode in particular, 

described with reference to FIGS. 1 and 2, is manufac 
tured in the following manner. The base metal of the 
center electrode 1 of a uniform diameter is prepared 
?rst as shown in FIG. 3. Next, as shown in FIG. 4, the 
noble metal tip 2 is welded to the flat end surface of the 
center electrode by resistance welding by ?owing a 
sufficient electric welding current under the condition 
where the portion to be welded are kept heated and 
pressed together so that the noble metal tip 2 is com 
pletely welded. Then the top end portion of the center 
electrode 1 is circumferentially cut to shape the pointed 
top 1b and the taper 1c as shown in FIG. 5. The pointed 
top 1b may be formed alternatively by pressing, cold 
forging or the like after the welding of the noble metal 
tip 2 to the top end of the center electrode 1. The diame 
ter of the pointed top 1b is preferably kept larger than 
that of the welded noble metal tip 2 so that no expensive 
noble metal is wasted. The center electrode 1 thus man 
ufactured is assembled with other elements as shown in 
FIG. 1 in a well known manner. 

It is to be noted that, in order to prevent the welded 
noble metal tip 2 from attrition or the like caused by 
oxidization and corrosion of the welded portion which 
is subjected to the high combustion pressure and tem 
perature of the internal combustion engine, the noble 
metal tip 2 must be welded completely to the center 
electrode 1. That is, the noble metal tip 2 must have 
sufficient welded area all over the surface to provide a 
strong bonding with the center electrode 1. For this 
purpose, it is desired to supply a higher electric welding 
current to the center electrode 1 and the noble metal tip 
2 during the resistance welding. Since the higher elec 
tric current generates higher Joule heat to soften the 
center electrode 1, the center electrode 1 to which the 
pressing force is applied during the welding tends to 
buckle, thus disabling the electric welding current to 
flow sufficiently and the noble metal tip 2 to be welded 
completely to the center electrode 1. Therefore, the 
diameter of the top end of the center electrode 1 to 
which the noble metal tip 2 is welded should be as large 
as possible to prevent the buckling thereof. Thus it 
should be understook than the manufacturing method 
described hereinabove with reference to FIGS. 3 
through 5 is more advantageous in assuring a complete 
welding of the noble metal tip 2 to the center electrode 
1 than that in which the noble metal tip 2 is welded to 
the center electrode 1 after the pointed top 1b is shaped 
as shown in FIG. 6. 
The results of an experiment conducted to investigate 

the sufficiency of bonding between the center electrode 
1 and the noble metal tip 2 is shown in FIG. 7 in which 
the abscissa and the ordinate indicate, respectively, the 
electric welding current in amperes and the welded area 
of the noble metal tip 2 in percentage. In the experi 
ment, a platinum disk of 0.7 mm in diameter and 0.3 mm 
in thickness was welded to two kinds of center elec 
trodes, the base meal, Ni-2Cr-3Mn-l8Si, of which were 
the same in alloy composition but shaped differently as 
shown in FIGS. 3 and 6. The are electric welding cur 
rent was applied during the interval of 0. 17 sec. under a 
pressing force of 28 kg. As can ben seen from FIG. 7, 
the platinum tip could be completely welded to the 
center electrode 1 which, as shown in FIG. 3, had a 
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4 
large diameter of 2.5 mm at the top end, while it could 
not be suf?ciently welded to the center electrode 1 
which, as shown in FIG. 6, has a pointed top of 1.5 mm 
in diameter and 0.4 mm in length. The cross mark in 
FIG. 7 indicates the point at which the center electrode 
I began to buckle. The center electrodes 1 shaped as 
shown in FIGS. 3 and 6 began to buckle after and be 
fore the platinum tip was completely welded, respec 
tively. 
A further result of the experiment is shown in FIG. 8 

in which the abscissa and the ordinate indicate, respec 
tively, the diameter D and the length L of the pointed 
top of the center electrode 1 shaped prior to the weld 
ing of the platinum tip as shown in FIG. 6. The hatched 
region in FIG. 8 shows the condition where the welding 
of the platinum tip to the center electrode top end was 
incomplete, that is, the center electrode top end began 
buckling before the platinum tip was completely 
welded to the center electrode top end. 
From these experiments, it should be clear that, in 

order to assure the complete welding of the noble metal 
tip 2 to the top end of the center electrode, the welding 
of the noble metal tip 2 to the top end of the center 
electrode 1 need be performed prior to the shaping of 
the pointed top 1b. 

Reference is made next to FIG. 9 which shows a 
second embodiment of the present invention. The spark 
plug according to the second embodiment, although 
manufactured in the same manner as that of the ?rst 
embodiment, primarily differs therefrom in that, besides 
the noble metal tip 2 which is 0.7 mm in diameter and 
0.3 mm in thickness and welded to the center electrode 
top end 1b, a further noble metal tip 11 which is 1.2 mm 
in diameter and 0.2 through 0.3 mm in thickness is 
welded by resistance welding to the ground electrode 9 
to face the noble metal tip 2. The ground electrode 9 
maintains a uniform thickness and width, since no shap 
ing is performed thereon after the welding of the noble 
metal tip 11. The noble metal tips 2 and 11 are a plati 
num alloy consisting essentially of platinum, 85 through 
70 in weight percentage, and iridium, 15 through 30 in 
weight percentage. 
The attrition or coming off the noble metal tip from 

the electrode base metal generally results from oxidiza 
tion and corrosion of the welded portion through 
cracks which are caused axially from the top end sur 
face of the tip and radially from the circumferential 
surface of the tip. The radial crack may be lessened by 
increasing the thickness of the noble metal tip by several 
hundred microns, which is preferably limited to 0.5 mm 
in view of the durability and the manufacturing cost. On 
the other hand, the axial crack does not depend on the 
tip shape but depends on the composition of the noble 
metal tip. Therefore, the composition of the noble metal 
tip must be determined so that the noble metal tip causes 
the least crack. 
An experiment was conducted to investigate the de 

velopment of the axial crack, wherein each platinum 
alloy tip is subjected repeatedly, two hundred times, to 
a heat-and-cold cycle test in which the platinum alloy 
tip is kept ?rst at 850° C. for six minutes and then at 
room temperature for six minutes. The result of this 
experiment are shown in the following table, wherein 
Pt, Rh and Ir indicates platinum, rhodium and iridium, 
respectively. 
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Composition Axial Crack 

100 wt. % Pt Largest 
95 wt. % Pt-S wt. % Rh Largest 5 
90 wt. % Pt—l0 wt. % Rh Largest 
85 wt. % Pt—-l5 wt. % Rh Largest 
80 wt % Pt-ZU wt. % Rh Large 
75 wt. % Pt-—25 wt. % Rh Large 
70 wt. % Pt-—30 wt. % Rh Large 
95 wt. % Pt-5 wt. % Ir Largest 10 
90 wt. % Pt-—l0 wt. % Ir Large 
85 wt. % Pt-lS wt. % lr Little 
80 wt. % Pt-—20 wt. % lr Lest 
75 wt. % Pt-25 wt. % Ir Least 
70 wt. % Pt-30 wt. % lr Least 

15 

The maximum weight percentage of iridium to be in 
cluded in the platinum alloy must be limited to, prefera 
bly 30 in weight percentage from the fact that iridium is 
more expensive and harder than platinum. If too much 
iridium is to be included, a sheet metal of platinum alloy 20 
which is pressed to produce the platinum alloy tip be 
comes too hard to be pressed with ease. 

It should be understood that the platinum alloy in 
cluding the platinum, 85 through 70 in weight percent 
age, and the iridium, 15 through 30 in weight percent- 25 
age is preferable, and that the platinum alloy including 
the platinum, 80 through 70 in weight percentage, and 
the iridium, 20 through 30 in weight percentage, is more 
preferable. 

It is to be pointed out here that the same experimental 30 
result as the foregoing table was obtained in another 
experiment in which the spark plugs provided with 
respective platinum alloy tips were used to run an inter 
nal combustion engine (4 cylinder, 4 stroke, 1,600 cc) at 
5,000 rpm. with a full-open throttle for 100 hours. It is 35 
to be pointed out further that the platinum alloy tip 2 of 
0.9 mm in diameter and 0.4 mm in thickness and the 
platinum alloy tip 11 of 0.7 mm in diameter and 0.3 mm 
in thickness, each including iridium of 20 weight per 
centage, has presented excellent crackfree characteris- 40 
ties. 
The present invention described hereinabove is not 

limited to the above embodiments but may be modi?ed 
so that the platinum alloy tips 2 and 11 include one or 
more metals selected from silver, gold, palladium, ru- 45 
thenium and osmium in addition to iridium of 15 
through 30 in weight percentage, the center electrode 
and the ground electrode be made of INCONEL 600, 
available from INCO Company in Canada, which is 
very resistant to oxidization and corrosion, and the 50 
ground electrode 9 be provided with no noble metal tip. 
What is claimed is: 
1. A method of making a spark plug for internal com 

bustion engines comprising the steps of: 
providing a center electrode made of an electrically 55 

conductive base metal; 
providing a center electrode made of an electrically 

conductive base metal having a uniform diameter, 
and ?at top end surface which faces said ground 
electrode; 

resistance-welding a noble metal tip to said ?at top 
end surface of the center electrode by supplying 
electric current through said center electrode; 

circumferentially cutting the center electrode to pro 
vide at and adjacent said ?at top end surface 65 
thereof a pointed top portion which is smaller in 
diameter than the other portion of the center elec 
trode; and 
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providing an insulator securely encasing the center 

electrode and electrically insulating the center 
electrode from the ground electrode. 

2. A method in accordance with claim 1 wherein said 
welding step includes heating and pressing together the 
noble metal tip and the top end surface of the center 
electrode. 

3. A method in accordance with claim 2 wherein the 
step of cutting the center electrode includes the step of 
forming a tapered portion on the center electrode join 
ing the uniform diameter portion thereof to the smaller 
in diameter portion thereof. 

4. A method in accordance with claim 3 including the 
step of providing the ground electrode with a further 
noble metal facing the noble metal tip of the center 
electrode. 

5. A method in accordance with claim 1 wherein the 
noble metal tip is formed of a platinum alloy including 
iridium of 15 through 30 in weight percentage. 

6. A method in accordance with claim 1 wherein the 
noble metal tip consists of platinum of 85 through 70 in 
weight percentage and iridium of 15 through 30 in 
weight percentage. 

7. A method of making a center electrode of a spark 
plug comprising the steps of: 

providing an electrically conductive longitudinal 
base metal having an end surface; 

providing a thin noble metal tip having a diameter 
larger than the thickness thereof; 

resistance-welding said noble metal tip onto the end 
surface of said base metal while pressing the same 
to the end surface of said base metal; and 

circumferentially cutting after said welding step lon 
gitudinal side wall of said base metal at a portion 
adjacent to the end surface so that the diameter of 
the base metal at the end surface is smaller than that 
at the other portion of the base metal. 

8. A method according to claim 7, wherein: 
said base metal providing step includes a step of shap 

ing the end surface flat, and wherein said welding 
step includes a step of pressing said noble metal tip 
to the ?at end surface of said base metal. 

9. A method according to claim 7, wherein: 
said noble metal tip consists of platinum of 70 through 

80 in weight percentage and iridium of 30 through 
20 in weight percentage. 

10. A method according to claim 7, wherein: 
said noble metal tip providing step includes a step of 

shaping said noble metal tip into a disk shape hav 
ing a uniform thickness and diameter. 

11. A method in accordance with claim 1, wherein said 
noble metal tip has a thickness less than or equal to 0.5 
mm. 

12. A method in accordance with claim I, wherein said 
step of providing a center electrode comprises providing a 
center electrode having a diameter at the top end surface 
thereof su?‘icienth: great that said noble metal up can be 
completely welded to said ?at top end sur?zce without 
buckling the center electrode. 

13. A method in accordance with claim 12, wherein 
before said welding step, said diameter at said top end 
surface is at least about 2.5 mm. 

14. A method in accordance with claim I, wherein a 
diameter of the top portion of the center electrode is larger 
than the diameter of the noble metal tip so that after the 
welding step, the noble metal up is embedded in the ?at top 
end surface of the center electrode. 

15. A method in accordance with claim I, wherein the 
noble metal tip has a surface welded to the ?at top end 
surface and has on its opposite face another surface facing 
the ground electrode so that a spark gap is formed between 
the another surface and the ground electrode. 
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