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A spark plug for an internal combustion
engine is provided with a fine wire platinum
firing tip. The platinum tip is preformed l2
in a rivet before being welded to the center
electrode during manufacture of the spark
plug. Accordingly, the amount of platinum
required is closely controlled. |4
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SPARK PLUG WITH FINE WIRE RIVET FIRING TIPS
AND METHOD FOR ITS MANUFACTURE

This invention relates to a spark plug for an internal
combustion engine, and a method for manufacturing such spark plugs.

Spark plugs are a critical component in an internal combustion
engine to assure proper engine performance. Spark plugs include a metal
housing which is threaded for installation into the engine, a ground
electrode extending from the housing, an insulator (usually manufactured of
a ceramic material) carried by the housing, and a center electrode within
the insulator, one end of which projects from the end of the insulator and
defines a predetermined gap with the ground electrode. When the spark
plug is fired, the spark is generated across the gap. More recently, spark
plugs have been designed with a fine wire tip made of a noble metal
(platinum or a platinum alloy) that has significantly improved engine
performance and significantly increased spark plug life. Platinum fine wire
spark plugs have a service life of 100,000 miles, improve cold starting,
acceleration, and fuel economy of the engine, as comparable to
conventional spark plugs not having a platinum firing tip. The extremely
fine wire at the firing tip of the spark plug (generally having a diameter of
.025-.035 inches) concentrates the electrical energy used to fire the spark
plug, thus increasing spark efficiency.

A prior art platinum tip, fine wire spark plug is disclosed in
European patent application 171994. This document discloses a platinum
tip spark plug which applies the platinum tip to the end of the center
electrode by resistance welding length of platinum wire to the electrode. In
this process, however, it is difficult to control the amount of material used.
Since platinum is extremely expensive, it is essential that the amount of
platinum is minimized and closely controlled. Another problem with this
prior art process is that initial contact between the platinum wire and the
center electrode is over the entire diameter of the platinum wire. It is
desirable to provide initial contact between the wire and the electrode
across the smallest possible area (point contact preferred), to thereby
concentrate the electrical energy used to weld the two members together,
thereby improving welding efficiency. According to the present invention, a
length of platinum wire, having the same diameter as the desired firing tip,
is formed into the shape of a rivet, with the wire forming a shank extending
from a hemispherical head formed on the length of wire by any known
process, such as by a high speed ball former. Since the firing tip for each
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spark plug is preformed as the rivet, the amount of material used in each
firing tip can be very closely controlled. Furthermore, the hemispherical
shape of the rivet head engages the center electrode initially at a point
during the welding process, thereby improving the welding efficiency as

described above.
These and other advantages of the present invention will

become apparent from the following description, with reference to the
accompanying drawings, in which:

Figure 1 is a fragmentary view, partly in section, of a spark
plug made pursuant to the teachings of the present invention;

Figure 2 is a cross-sectional view of the center electrode used
in the spark plug illustrated in Figure 1;

Figure 3 is an enlarged view of the rivet which is preformed for
attachment to the center electrode of Figure 2;

Figure 4 is a flow chart illustrating the process by which the
firing tip of noble material is formed and attached to the center electrode as
illustrated in Figure 2; 1

Figure 5 is a schematic illustration of a resistance welding
machine with a firing tip of the rivet configuration according to the present
invention and the center electrode illustrated in the positions they assume
just before the rivet is brought into welding contact with the electrode; and

Figures 6 and 7 are views in perspective, each of which
illustrates an alternate configuration of the rivet used in the spark plug
illustrated in Figure 1.

Referring now to the drawings, a spark plug generally indicated
by the numeral 10 includes an annular metal housing 12 which is threaded
as at 14 for installation into an internal combustion engine (not shown) A
ground electrode 16 extends from the housing 12 to define a firing gap
with a center electrode 22. Center electrode 22 includes a rivet 18 of
noble metal secured to the end face 20 of an outer sheath 24 which
projects from an insulator 25, which is mounted within the housing 12.
Referring to Figure 2, the center electrode 22 includes the outer sheath 24
which receives a copper core 26. The outer sheath 22 terminates in an end
section having a necked-down portion 28 which terminates in the end face
20.

Referring now to Figure 3, the rivet 18 includes a shank
portion 30 and a head 32. The shank portion 30 extends from a
substantially flat side 34 of the head 32. The other side of the head 32 is a
continuously curving, spherical surface 36. Accordingly, the head 32 is

PEN
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substantially hemispherical, and the spherical surface 36 intersects the
surface 34 at a circle, the radius of which is substantial equal to the radius
of the spherical surface 36. As discussed above, the rivet 18 is made from
a noble metal, such as platinum or a platinum alloy. For example, the rivet
18 may be made of an 0.D.S. (Oxide Dispersion Strengthened) platinum,
available commercially from Englehard Industries, Inc. This alloy contains
small amounts (less than 2%) of yttrium oxide, which is added to stabilize
the gréins of platinum at elevated temperatures. Various other alloys of
Iridium/Platinum may be used, with Iridium volumes from about 5% to
about 20% are alloyed with 95% to 80% platinum. Finally, Nickel/Platinum
alloys may be used, with Nickel volumes from 5% to 50% alloyed with
95% to 50% volumes of platinum. As will be discussed hereinafter, the
rivet 18 is made of a length wire of predetermined diameter such that the
diameter of the shank 30 of the finished rivet 18 is equal to the diameter of
the wire from which the rivet is made. Preferably, the diameter of the
shank 30 is .031 inches, but varying diameters from .025 inches to .035
inches have been used. The length of the shank 30 is in the range of from

.025 inch to .040 inch.

Referring now to the alternate rivet configurations of Figures 6
and 7, elements the same or substantially the same as those of the
preferred embodiment retain the same reference character, but are
increased by 100 and 200 respectively. Figure 6 illustrates a rivet 118
similar to the rivet 18 of Figure 3, but in which the head 132 is formed as a
conical surface 158 terminating in an apex 160. Figure 7 illustrates a rivet
218 similar to the rivets 18 and 118 of Figures 3 and 6, but in which the
head 232 is formed as a pyrimidal surface, consisting of four triangular
faces 262 which converge at an apex 264. As will be explained
hereinafter, it is important that during the welding of the rivet 18, 118, or
218 to the center electrode 22, it is important that the initial contact
between the rivet and the electrode be made at substantially a single point,
to thereby concentrate the electrical welding energy to assure a proper and
efficient weld. The conical rivet head 118 and pyrimidal rivet head 218
initially engage the center electrode at their apex 160 or 264, thereby
assuring point contact. In the preferred embodiment of Figure 3, any point
on the spherical surface 36 will initially engage the center electrode 22 at a
point contact.

Referring now to Figure 4, the process by which the center
electrode 22 is formed will be described. As indicated at 38, a length of
wire made from platinum or one of the aforementioned platinum alloys is
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cut to a predetermined length. As indicated by 40, the shank end 30 of the
rivet is then finished and formed, and, as indicated at 42, the head of the
rivet is formed. The head is formed in a conventional high speed ball
former and the general process is familiar to anyone skilled in the art. The
center electrode 22 is then formed, as indicated at 44. Formation of the
center electrode 22 may be formed as described in US Patent 4,705,486.
As indicated at 46, the electrode 22 and rivet 18 are clamped
respectively in lower welding head 48 and upper welding head 50
(indicated schematically in Figure 5) of a conventional electric resistance
welding machine wherein the upper welding head 50 is movable relative to
the lower welding head 48. The upper welding head 50 is then moved
toward the lower welding head 48 until the spherical surface 36 makes an
initial point contact with end face 20 of the electrode 22, as indicated at 52
on Figure 4. An electrical current is then applied through the parts 18, 22,
which varies from 500 to 1,000 amps and the upper welding head 50
forces the part 22 against the rivet 18 with a force that varies from about
10 to about 30 pounds. This welding operation generates an alloying of
the noble metal of the rivet 18 and the sheath 24 at the weld interface.
The surface 36 penetrates into the face 20 a depth that is controlled by
varying the current and the applied force between the two parts during
application of the current, and embeds the spherical surface 36 into the
sheath 24 about .006 inch to about .012 inch deep, thereby forcing the
material of the sheath 24 which is displaced by the head 32 to flow around
the spherical surface 36 to capture the rivet. The finished part is then
removed from the welding machine, as indicated at 56 in Figure 4.
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CLAIMS

1. Spark plug for an internal combustion engine comprising an
annular metal housing threaded for installation into an internal combustion
engine, an insulator carried within said housing, a center electrode carried
within said insulator and having a tip end projecting from said insulator,
said tip end terminating in a transversely extending face, a ground electrode
extending from said housing into proximity with said face, and a rivet made
of a noble material welded to said face, said rivet having a head and a
shank projecting from said head, said head having an engagement surface
having a contour established before the rivet is installed on the center
electrode, said shank projecting from said head toward said ground
electrode when the curved surface is secured to said face.

2. Spark plug as claimed in Claim 1, wherein said engagement
surface is contoured to initially engage said center electrode at substantially
a single point as said rivet is welded to said face.

3. Spark plug as claimed in Claim 2, wherein said curved surface
is a spherical surface.

4. Spark plug as claimed in Claim 2, wherein said engagement
surface is a conical surface.

5. Spark plug as claimed in Claim 2, wherein said engagement
surface is a pyrimidal surface.

6. Spark plug as claimed in Claim 1, wherein the engagement of
said shank with said head defines a transverse surface, said curved surface
being a continuously curving surface curving around one side of said
transverse surface, said shank projecting from the other side of said
transverse surface.

7. Spark plug as claimed in Claim 6, wherein the engagement of
said continuously curving surface and said transverse surface defines a
circle having a radius, said continuously curving surface having a
substantially constant radius substantially equal to the radius of said circle.

8. Method of manufacturing a spark plug having a center
electrode having a fine wire tip of a noble metal extending from one end of
said center electrode, said fine wire tip being made by cutting a wire made
of said noble metal to a predetermined length, forming said length of wire
into a rivet, forming said center electrode from a material other than said
noble metal, and welding said rivet to one end of said center electrode.

9. Method of manufacturing a spark plug as claimed in Claim 8,
wherein said method includes the step of initially engaging said rivet with
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said center electrode at substantially a single point as said welding step is
initiated.

10. Method of manufacturing a spark plug as ciaimed in Claim 9,
wherein said rivet has a shank and a head, the step of forming the wire into
a rivet including the step of forming a head having a diameter greater than
the diameter of said wire, said head having an engagement surface for
engagement with said center electrode, a portion of said wire extending
from said head to define the shank of said rivet.

11. Method of manufacturing a spark plug as claimed in Claim 9,
wherein the step of forming the wire into a rivet includes the step of
forming a head having a spherical surface for engagement with the center
electrode.

12. Method of manufacturing a spark plug as claimed in Claim 9,
wherein the step of forming the wire into a rivet includes the step of
forming a head having a conical surface terminating in an apex, and
engaging said apex with the center electrode during welding.

13. Method of manufacturing a spark plug as ciaimed in Claim 9,
wherein the step of forming the wire into a rivet includes the step of
forming a head having a pyrimidal surface terminating in an apex, and
engaging said apex with the center electrode during welding.

14. Method of manufacturing a spark plug as claimed in Claim 9,
wherein the step of welding said rivet to the electrode is by electric
resistance welding effected by placing the center electrode and the rivet in
upper and lower welding heads, bringing the rivet and center electrode into
engagement with one another, and causing an electrical current of
predetermined amperage to flow through said center electrode and the rivet
while the rivet and center electrode are held into contact with one another.

15. Method of manufacturing a spark plug as claimed in
Claim 14, wherein the step of welding said rivet to the electrode includes
the step of forcing the center electrode and the rivet against each other
with a predetermined force while causing said current to flow through both
the rivet and the center electrode.
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