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(57) Abrége/Abstract:

A spark plug includes a metal shell, an Iinsulator coaxially disposed within the metal shell, and a center electrode coaxially
disposed In the Insulator. The metal shell has a substantially cylindrical base portion, and the base portion has a lower surface
with a recess formed therein. A bimetallic ground electrode Is affixed to the lower surface of the base portion at the recess
thereof. The ground electrode has a central core formed of a first thermally conductive metal which may include copper, and an
external sheath surrounding the core, the sheath being made of a second metal which includes nickel. The recess In the lower
surface of the metal shell is preferred to be provided as an annular groove extending therearound. The present invention also
encompasses a methods of making a spark plug, including a step of placing a ground electrode adjacent a lower surface of a
spark plug shell, aligned with a recess thereof, such that a tip end of ground electrode enters into the recess. Another step in the
method involves welding the ground electrode to the spark plug shell.
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disposed within the metal shell, and a center electrode coaxially disposed

in the insulator. The metal shell has a substantially cylindrical base portion,

and the base portion has a lower surface with a recess formed therein. A

bimetallic ground electrode is affixed to the lower surface of the base por-

,\ 10 tion at the recess thereof. The ground electrode has a central core formed

of a farst thermally conductive metal which may include copper, and an ex-

ternal sheath surrounding the core, the sheath being made of a second metal

which includes nickel. The recess in the lower surface of the metal shell is

preferred to be provided as an annular groove extending therearound. The

18 present invention also encompasses a methods of making a spark plug, in-

cluding a step of placing a ground electrode adjacent a lower surface of a

spark plug shell, aligned with a recess thereof, such that a tip end of ground

electrode enters into the recess. Another step in the method involves weld-
ing the ground electrode to the spark plug shell.
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SPARK PLUG SHELL HAVING A BIMETALLIC GROUND ELECTRODE,
SPARK PLUG INCORPORATING THE SHELL,
AND METHOD OF MAKING SAME

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to spark plugs for internal combustion engines, and to a
method of making such spark plugs. More particularly, the present invention relates to a
spark plug having a bimetallic ground electrode, and to a method of making such a spark plug.
2. Description of the Background Art

Spark plugs are widely used to 1gnite fuel in internal combustion engines. Spark plug
electrodes are subject to intense heat, and to a highly corrosive environment, generated by the
exploding air/fuel mixture. To improve durability and ¢rosion resistance, spark plug
electrodes must be able to withstand the high temperature and corrosive environment resulting
from the chemical reaction products between air, fuel, fuel additives, and recirculated exhaust
gases within a combustion chamber.

Spark plug designs have been suggested in which a bimetallic ground electrode includes
a central core material, usually including copper, and a surrounding cladding material which is
different from the central core matefial. This central core material is more thermally
conductive than the surrounding cladding, and therefore conducts heat away from the firing tip
of the ground electrode better than the previous designs. A cooler ground electrode is
preferable because it does not erode as quickly as a hotter electrode. As a result, a cooler

electrode contributes to a longer useful spark plug life.
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[llustrative examples of this type of spark plug design may be found in U.S. patent
numbers 4,970,426, 5,210,457, 5,395,273, 5,530,313, 5,551,902, 5,675,209 and 5,866,973.

Although this type ot design for bimetallic ground electrodes helps to ensure both
thermal and electrical conductivity therethrough, a problem exists with this type of design,
because the material making up the central core does not usually bond well, in a welding
process, to the main spark plug shell, which 1s normally made of a ferrous material such as
steel. The outer cladding material tends to weld to the steel shell better than the central core
material.

Some etforts have been put forward to try and improve the weld between the ground
electrode and the shell. U.S. patent 5,530,313 to Chiu discloses a method of welding a copper
cored ground electrode to a metal spark plug shell, 1n which a metal sheath of the ground
electrode surrounds a copper core, and 1n which the metal sheath penetrates deeper into the
metal shell than the copper core to provide an anchor therefor. An electrode 116 which has a
metal sheath 119 extending beyond a central copper core 117 i1s shown in Figure 3 of the
present specification. In attaching a prior art ground electrode, such as the electrode 116
shown in Figure 3, to a flat surface of a shell base 115, the area of contact between the
electrode sheath 119 and the shell base 1s still somewhat limited.

A need still exists 1n the art for an improved design for a spark plug having a bimetallic
ground electrode, in which the welded connection between the ground electrode and the shell

1s further enhanced and improved.
SUMMARY OF THE INVENTION

The present invention provides an improved spark plug for use with internal
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combustion engines. In the spark plug hereof, improved bonding is obtained between a
bimetallic ground electrode and a spark plug shell having a recess formed therein to receive a
tip end of the ground electrode.

A spark plug according to the invention includes a metal shell, an insulator coaxially
disposed within the metal shell, and a center electrode coaxially disposed in the insulator. The
metal shell has a base portion, and the base portion has a lower surface with a recess formed
therein. The recess in the lower surface of the metal shell 1s preferred to be a substantially
continuous annular grove extending around the lower surface.

A bimetallic ground electrode is affixed to the lower surface of the spark plug shell
base, at the recess thereof. The ground electrode has a central core formed of a first thermally
conductive metal, which pretferably includes copper. The ground electrode also has an
external sheath surrounding the core, the sheath being made of a second metal which includes
nickel.

The present mvention also encompasses a method of making a spark plug, including a
first step of providing a metal shell with a cylindrical base portion, in which the base portion
includes a lower surface with a recess formed therein. The method also includes a step of
providing a ground electrode having a central core formed from a thermally conductive
material.

The method also includes a further step of placing a tip end of the ground electrode
adjacent the lower surface of the shell and aligned with the recess thereof, such that part of the
tip end of the ground electrode enters into the recess. Another step in the method involves

welding the ground electrode to the spark plug shell.
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Accordingly, 1t 1s an object of the present invention to provide a spark plug having a
bimetallic ground electrode with improved adhesion between the ground electrode and the
spark plug shell.

It 1s a further object of the present invention to provide a spark plug having a bimetallic
ground electrode in which an area of contact, between the ground electrode and the spark plug
shell, 1s increased above the area of contact therebetween in the previously known designs.

It is yet a further object of the present invention to provide a method of making the
preferred spark plug.

For a more complete understanding of the present invention, the reader is referred to
the following detailed description section, which should be read in conjunction with the
accompanying drawings. Throughout the following detailed description and in the drawings,
like numbers refer to like parts.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a cross-section of a spark plug in accordance with a first embodiment of the
present Invention;

Figure 2 1s a cross-sectional detail of a spark plug shell and a bimetallic ground
electrode for a different spark plug application than that shown in Figure 1, immediately prior
to welding of the electrode to the shell in accordance with the invention:

Figure 3 1s a comparative cross-sectional detail view, partially broken away, of a prior
art spark plug shell and electrode therefor, before attachment of the electrode to the shell:

Figure 4 1s a cross-sectional detail view, partially broken away, of a spark plug shell

and electrode therefor in accordance with the present invention, before attachment of the
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electrode to the shell;

Figure 5 1s a cross-sectional detail view, partially broken away, of a spark plug shell in
accordance with the invention, after welding of the ground electrode thereto: and

Figure 6 1s a perspective view of a spark plug shell according to the invention, with a
ground electrode thereof shown cut away for purposes of illustration.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Overview

Referlfing now to the drawings, and particularly to Figure 1, a spark plug in accordance
with the present invention is shown generally at 10. The spark plug 10 includes a metal casing
or shell 12 havi‘ng an externally threaded cylindrical base 14 for threadable engagement in a
cylinder head (not shown).

A bimetallic ground electrode 16 is welded on to the lower surface 15 of the threaded
base 14.

The spark plug 10 further includes a ceramic insulator 18 disposed concentrically
within the shell 12, and a center electrode 20 disposed concentrically within the insulator 18.
The center electrode 20 is preferred to include a central core 21 made of a thermally
conductive material such as copper or a copper alloy. An electrically conductive insert or rod
11 fits into the upper end of the insulator 18 opposite the center electrode 20, and a refractory
glass-carbon composite material is disposed between the lower end of the insert 11 and the
center electrode, to provide an internal resistor 13 within the spark plug 10.

Although the metal shell 12 shown as a component of the spark plug 10 is physically

different from the shell 12 shown in Figure 2, these differences go primarily to different
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sealing surfaces. The respective spark plug shells 12 of Figures 1 and 2 are included as
illustrative examples of the invention, and are simply configured for alignment thereof in
different applications, as is well known in the art. The different physical configurations of the
spark plug shells 12 do not substantially affect the shell for purposes of the present invention.
Accordingly, both of these shells will be referred to generically and interchangeably,
throughout the present specification, with the same reéference number 12. Other modified
configurations of spark plug shells are also compatible with the present invention.

As used throughout the present specification, the terms "upper”, "lower" and similar
relative terms are used to refer to the orientation of the spark plug shell 12 and other parts of
the spark plug 10 1n the orientation shown 1n Figures 1-2. It will be understood that the spark
plug may be inverted or placed on 1ts side, and that in some applications, spark plugs are
installed 1n a different orientation from that shown in Figures 1-2. Accordingly, these terms
are not mtended to be absolute, but rather, to relate to, and to illustrate specific examples of

the 1invention.

The Ground Electrode
The ground electrode 16 according to the invention includes a central core 17 (Figure
2, 4) formed from a first metal which 1s thermally conductive. The ground electrode 16
further includes an exterior sheath 19 surrounding the central core. The material of the central
core 17 1s preterred to contain copper, silver, an alloy containing copper and/or silver, or
another metal having higher thermal conductivity than that of the surrounding sheath 19. The
sheath 19 is preferred to be made of a nickel alloy. Suitable nickel alloys for the sheath are

well known in the art.
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The most preterred ground electrode 16 for use in accordance with the present
invention 1s one made in accordance with the teachings of co-pending patent application serial
number 09/228,450, filed January 11, 1999, the disclosure of which is hereby incorporated by
reference. However, other bimetallic ground electrodes, having central thermally conductive
cores therein and consistent with the present specification, may be used in the practice of the
present invention.

By way of 1llustration and not limitation, one suitable example of a ground electrode 16
in accordance with the invention might be 1.2 mm in diameter, and out of that, 0.6 mm could
be the central core 17, with an outer cladding 19 of 0.3 mm on each side of the core.

While the ground electrode 16 is shown in Figures 2, 4 and 5 oriented in a
substantially straight or linear configuration thereof, and is attached to the shell 12 in a linear
configuration during the manufacturing process, those in the art will realize and understand
that after attachment of the ground electrode 16 to the spark plug shell, it will be bent
substantially 1 a right angle configuration, and will then have a configuration substantially as
shown in Figure 1.

Optional Wear-resistant Electrode Tips

Optionally, the spark plug 10 according to the invention may also include first and/or
second wear-resistant electrode tips 22, 24 which are attached to the ground and/or to the
center electrodes 16, 20 respectively. Where used, each of the wear-resistant electrode tips
20, 22 1s preterably formed from a material which includes a noble metal such as platinum,
iridium, or alloys thereof. One alloy suitable for electrode tps 18 85-95% platinum and 5-15%

nickel. Examples of suitable wear-resistant spark plug tips may be found in U.S. patent
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numbers 4,810,220 and 5,456,624, the disclosures of which are hereby incorporated by
reference. In the event that only a single wear-resistant electrode tip is used in the practice of
the present invention, 1t 1s preferred to be a fine wire tip attached to the center electrode 20 as
taught by the disclosure of U.S. patent number 5,456,624.

The Spark Plug Shell

Referring 1n particular to Figures 2 and 4-6, it may be seen that the spark plug shell 12
1s a substantially cylindrical sleeve having a hollow bore 32 formed therethrough. As
previously noted, the spark plug shell 12 includes a cylindrical base portion 14 which
generally has threads formed on the exterior surface thereof. The spark plug shell 12 includes
a sealing surface 34 for contacting a cylinder head (not shown), and also includes a generally
hexagonal boss 36 thereon, above the sealing surface, to allow for grasping and turning
thereof using a suitable tool, such as a conventional spark plug socket. In a spark plug shell 12
according to the present invention, the lower surface 15 thereof, rather than being entirely flat,
has a recess 23 formed therem. This recess 23 is located approximately midway between the
outer edge 30 of the lower surface 15 and the central bore 32 of the spark plug shell. The
recess 23 1s provided to aid 1n alignment of the tip end 27 of the ground electrode 16 with the
shell 12.

As may be seen from a comparison of Figures 3 and 4, the provision of the recess 23
also provides greater surface contact area between the sheath 19 and the shell 12 than would
be possible without the recess 23, to promote improved adhesion therebetween when the
ground electrode 16 1s welded on to the shell 12. A superior bonding zone 26 between the

ground electrode 16 and the shell base 14 1s suggested by the dashed line in Figure 5, after
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these two components have been joined together.

In the most preferred embodiment of the present invention, the recess 23 is provided in
the form ot an annular groove 25 extending substantially continuously and concentrically
around the lower surface 15 of the shell 12. The provision of the recess 23 in the form of an
annular groove 25 around the full circumference of the lower surface 15 of the spark plug
shell 12, rather than having the recess 23 simply take the form of a cavity formed in a single
spot, eliminates any necessity of rotating the spark plug shell 12 to position it in a preferred
orientation thereof during spark plug manufacture. The provision of the annular groove 25
further acts to minimize welding flash projections moving into the shell bore 32, or on to the
threaded exterior surface of the shell base 14.

As seen 1n Figures 2 and 4, when the ground electrode 16 is formed, and before it is
attached to the shell 12, the tip end 27 of the ground electrode includes a reduced diameter
portion 28, which substantially forms a point thereon. This reduced diameter portion 28 fits
into the recess 23 of the shell 12 and helps to promote alignment of the ground electrode 16
therewith.

Method of making a spark plug

The present invention also contemplates a method of making a spark plug of the type
described herein. In practicing the method according to the invention, a first step 1nvolves
providing a metal spark plug shell 12 with a cylindrical base portion 14, in which the base
portion includes a lower surface 15 with a recess 23 formed therein. The method also includes
a step of providing a ground electrode 1(; having a central core 17 formed from a thermally

conductive material. The thermally conductive material used is a first metal as previously
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discussed herein, and may include copper.

The method also includes a further step of placing a tip end 27 of the ground electrode
16 adjacent the lower surface 15 of the shell 12 and aligned with the recess 23 thereof (Figure
4), such that part of the tip end 27 of the ground electrode enters into the recess.

Another step in the method involves welding the ground electrode 16 on to the spark
plug shell 12. The welding may be accomplished by electrical resistance welding, by laser
welding, or by other known welding process.

A complete spark plug 10 may then be formed, following the known process for the
remaining steps, using the shell 12 as a component thereof.

Although the present invention has been described herein with respect to a preferred
embodiment thereof, the foregoing description is intended to be illustrative, and not restrictive.
Those skilled 1n the art will realize that many modifications of the preferred embodiment could
be made which would be operable. All such modifications which are within the scope of the

claims are intended to be within the scope and spirit of the present invention.

10
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CLAIMS

We claim:

1. A spark plug, comprising a metal shell having a base portion with a central bore
formed therein, an mnsulator coaxially disposed within the central bore of the metal shell, and a
center electrode coaxially disposed in the insulator;

wherein the base portion has a lower surface with a recess formed therein; and

a ground electrode affixed to the lower surface of the base portion at the recess thereof,
the ground electrode comprising a central core formed of a first, thermally conductive metal, and

an external sheath surrounding the core, the sheath formed of a second metal comprising nickel.

2. The spark plug of claim 1, wherein the lower surface of the metal shell has an outer
edge, and wherein the recess 1s located between the outer edge of the lower surface and the

central bore of the metal shell.

3. The spark plug of claim 2, wherein the recess is provided as an annular groove

extending around the lower surface.

4. The spark plug of claim 3, wherein the annular groove extends substantially

continuously around the lower surface.

5. The spark plug of claim 1, wherein the first metal is selected from the group consisting

of copper, silver, alloys of copper, alloys of silver, and mixtures thereof.

11



CA 02376980 2001-12-14
WO 00/77901 PCT/US00/16478

6. The spark plug of claim 1, further comprising at least one wear-resistant electrode tip

attached to the center electrode or the ground electrode.

7. The spark plug of claim 6, comprising a wear-resistant electrode tip attached to each

of the center and ground electrodes.

8. The spark plug of claim 6, wherein the spark plug tip comprises a noble metal.

9. The spark plug of claim 8, wherein the spark plug tip comprises a metal selected from

the group consisting of platinum, iridium, and alloys thereof.

10. The spark plug of claim 5, wherein the first metal of the center electrode compnses

COpper.

11. A metal shell for a spark plug, compnsing a shell body which 1s a hollow shell, the
shell body including a substantially cylindrical base portion having a lower surface with a recess
formed therein; and

a ground electrode affixed to the lower surface of the shell body base portion at the recess
thereof, the ground electrode compnsing a central core formed of a first, thermally conductive
metal, and an external sheath surrounding the core, the sheath formed of a second metal

comprnsing mckel.

12
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12. The spark plug of claim 1, wherein the first metal is selected from the group

consisting of copper, silver, alloys of copper, alloys of silver, and mixtures thereof.

13. The spark plug shell of claim 10, wherein the recess in the lower surface comprises

an annular grove formed therein and extending therearound.

14. The spark plug shell of claim 13, wheremn the annular groove extends substantially

continuously around the lower surface.

15. A method of making a spark plug, comprising the steps of:
a) providing a metal shell with a cylindrical base portion having a lower surface with a

recess formed therein;

b) providing a ground electrode having a central core formed from a thermally conductive

metal;

c) placing an end of the ground electrode adjacent the lower surface of the shell and
aligned with the recess thereof, such that part of a tip end of the ground electrode enters the

recess; and

d) welding the ground electrode to the shell.

16. The method of claim 15, wherein the tip end of the ground electrode substantially

13
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2 forms a reduced diameter section which fits into the shell recess.
1 17. The method of claim 15, wherein the recess 1s provided as an annular grove
2 extending around the lower surface of the shell.
1 18. The method of claim 17, wherein the anrular groove extends substantially
2 continuously around the shell lower surface.
1 19. A spark plug which 1s a product of the method of claim 15.
1 20. A spark plug which is a product of the method of claim 16.

14
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