wo 2011/123666 A2 [ I 0F0 0 OO OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization /) -sady
(9 World Intclectuat Poperty Organization. /85 || NN 0 OO OO MR RO
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
6 October 2011 (06.10.2011) PCT WO 2011/123666 A2
(51) International Patent Classification: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HOIT 13/20 (2006.01) HOIT 13/04 (2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. . KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(21) International Application Number: ME. MG. MK. MN, MW. MX. MY. MZ. NA. NG. NI
PCT/US2011/030760 NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(22) International Filing Date: SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
31 March 2011 (31.03.2011) TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L. ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(30) Priority Data: ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
12/752,694 1 April 2010 (01.04.2010) US TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(71) Applicant (for all designated States except US): HON- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
EYWELL INTERNATIONAL INC [US/US]; 101 SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Columbia Road, Morristown, New Jersey (US). GW, ML, MR, NE, SN, TD, TG).
(72) Inventor; and Declarations under Rule 4.17:
(75) Inventor/Applicant (for US only): BELOW, Matthew, . .
; . . — as to applicant’s entitlement to apply for and be granted
B. [US/US]; 527 Karen Court, Findlay, Ohio 45840 (US). a patent (Rule 4.17(ii))
(74) Agent: BOEHM, Christopher, C.; Cantor Colburn L,LP’ — as fto the applicant's entitlement to claim the priority of
20 Church Street, 22nd Floor, Hartford, Connecticut the earlier application (Rule 4.17(iii))
06103 (US).
: L Published:
(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: HIGH THREAD SPARK PLUG WITH UNDERCUT INSULATOR

7

(57) Abstract: A spark plug for an internal combustion engine, the spark plug having an elongated center electrode having a cen-
ter electrode tip at one end and a terminal proximate to another end of the center electrode; an insulator surrounding a portion of
the center electrode, the insulator having a channel formed in an exterior surface of the insulator; and a jamb nut surrounding the
insulator, the jamb nut being aligned with the channel such that a distal end of the jamb nut does not contact the insulator.



WO 2011/123666 PCT/US2011/030760

10

15

20

25

HIGH THREAD SPARK PLUG WITH UNDERCUT INSULATOR

BACKGROUND
This application relates generally to spark plugs for internal
combustion engines and, more particularly, to a jamb nut to insulator interface

that reduces loads on the spark plug insulator.

Traditional spark plug construction includes an annular metal
casing having threads near one end and a ceramic insulator extending from the
threaded end of the metal casing as well as beyond the opposite end of the metal
casing. A central electrode extends through the insulation and is exposed near
the threaded end. The central electrode is also electrically connected to a
terminal that extends from an opposite end of the insulator. The terminal is

configured to be attached to a spark plug ignition wire.

The force applied to seal the spark plug in the head of an engine
block is the result of torque transmitted to the threaded metal casing; hence, the
threaded portion of the metal casing must be sturdy and of substantial size. A
portion of the metal casing is formed to have a jamb nut that is configured to be
engaged by a socket tool to provide the torque to the threaded portion. The
threaded portion is located away from the jamb nut which is engaged by the

socket tool.

To facilitate the controlled and efficient exhaust of gases from a
combustion chamber, the valves are sometimes increased in size. This may
cause a decrease in the combustion chamber wall area available to threadedly
receive the spark plug, which in turn may necessitate a decrease in the size of
the bore receiving the spark plug, and in some instances an increase in the
overall length of the spark plug. Accordingly, the spark plugs associated with

these reduced size bores will also have a corresponding reduced diameter.

The decrease in the diameter of the spark plug may reduce the

spark plugs ability to hold onto its ground shield during removal. A higher
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strength steel jamb nut may be used to combat this problem however,
assembling a higher strength steel jamb nut to the insulator will result in higher

loads being applied to the insulator during assembly.

Accordingly, the inventor herein has recognized that it is
desirable to provide a jamb nut to insulator interface that reduces loads upon the

insulator.

SUMMARY

Exemplary embodiments of the present invention relate to a
spark plug for an internal combustion engine. The spark plug having an
elongated center electrode having a center electrode tip at one end and a
terminal proximate to another end of the center electrode; an insulator
surrounding a portion of the center electrode, the insulator having a channel
formed in an exterior surface of the insulator; and a jamb nut surrounding the
insulator, the jamb nut being aligned with the channel such that a distal end of

the jamb nut does not contact the insulator.

Exemplary embodiments of the present invention also relate to a
method for forming a spark plug, the method including the steps of: inserting an
insulator into an outer shell of the spark plug, the insulator having a first
portion, a second portion and a third portion, the first portion being located at
one end of the insulator and the third portion being located at an opposite end of
the insulator and the second is located between the first end and the third end,
wherein a channel is located between the second portion and the third portion
and the second portion has a larger thickness than the first portion and the third
portion, the insulator further comprising a shoulder portion located between the
channel and the second portion; contacting the shoulder portion of the insulator
with an inner shoulder portion of the outer shell proximate to a jamb nut of the
outer shell, the inner shoulder and the jamb nut being configured to provide an
air gap between the jamb nut and the channel such that no portion of the jamb

nut directly contacts the insulator; and securing a ground shield between another
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shoulder portion of the insulator and a distal end of the outer shell, the another
shoulder portion being located between the first portion and the second portion

of the insulator.

BRIEF DESCRIPTION OF DRAWINGS:

FIG. 1 is a cross-sectional view of a spark plug in accordance
with an exemplary embodiment of the present invention;

FIG. 2 is a side view of the exemplary spark plug illustrated in
Figure 1;

FIG. 3 is a view along lines 3-3 of Figure 1; and

FIG. 4 is an enlarged view of a portion of FIG. 1.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

FIGS. 1-4 illustrate an overall structure of an exemplary
embodiment of the present invention and a spark plug 10 is illustrated. Spark
plug 10 is designed for use in internal combustion engines. The installation of
spark plug 10 into an internal combustion engine is achieved by configuring it
so that a portion of the spark plug protrudes into a combustion chamber (not
shown) of the engine through a threaded bore provided in the engine head (not
shown). Spark plug 10 includes a cylindrical center electrode 12 that extends
along an axial length of the spark plug and a ceramic or similarly comprised
insulator 14 concentrically surrounds a portion of the center electrode 12. An

outer shell 16 surrounds a portion of insulator 14.

In the illustrated embodiment, center electrode 12 has a
cylindrical body with a tip 18 at one end and the end 20 of center electrode 12
opposing tip 18 is electrically connected to a cylindrical terminal stud 22
through an electrically conductive glass seal 24. Of course, other equivalent
materials may be used to provide the conductive arrangement between end 20
and the terminal stud. In one embodiment, the electrically conductive glass seal
can be a fired-in seal. The glass seal serves as the electrical connection between

terminal stud and the center electrode. The terminal stud further comprises a
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terminal nut 26 that protrudes from the insulator and is configured to attach to
an ignition cable (not shown) that supplies the electric current to the plug when
the plug is installed. In an alternative embodiment, a resistive element may be

disposed between the terminal stud and the center electrode.

The center electrode may comprise a core made of a highly heat
conductive metal material such as, for example, copper, covered by a longer
than conventional sheath made a highly heat-resistant, corrosion-resistant metal
material such as, for example, Inconel, another nickel-based alloy, or other
suitable metal or metal alloy. Still further, the center electrode will have a noble
metal chip 28, such as one made from a gold, palladium, or platinum alloy in
any suitable form for enabling proper spark plug functioning such as, for
example, flat or finewire, that is joined to center electrode tip 18 to improve
heat transfer and maintain the sparking gap. As is known in the related arts, the
terminal stud can comprise steel or a steel-based alloy material with any suitable

finish such as but not limited to a nickel-plated finish.

As illustrated, the insulator has an elongated, substantially
cylindrical body with a first 30, a second 32, and a third 34 insulator sections
each having different diameters. The first insulator section substantially
surrounds the center electrode and terminates at a distal end 36 that has a
tapered or flared configuration 38. The second insulator section is located
intermediate first and third insulator sections and the diameter of the second
insulator section is greater than that of either of the other two insulator sections.
The second insulator section and the narrower first insulator section are

separated from each other by a shoulder portion 40.

The spark plug further comprises an outer shell 42 and a ground
shield 44. The outer shell further comprises a jamb nut portion 46 at one end
and a motor seat portion 48 at an opposite end. Located between the jamb nut
portion and the motor seat portion is a plurality of threads 50 that are configured

to threadingly engage a threaded portion of a generally cylindrical opening that
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is in communication with the combustion chamber of an internal combustion
engine. The threaded portion of the outer shell is configured to surround the
second section of the insulator. The jam nut portion is integrally formed with
the outer shell such that the spark plug can be removed in a helical pattern as the
jam nut is unscrewed, resulting in easy, direct removal with negligible tipping.
A suitable socket tool can engage the jam nut of the outer shell for screwing the

spark plug into and out of the engine bore.

The motor seat portion of the outer shell includes a flared portion
that is situated below the threaded section of the outer shell and overlaps a
complimentary flared section 52 of the ground shield in juxtaposed alignment
with shoulder portion 40 of the insulator when the spark plug assembly is
complete. At this juncture, the ground shield and the outer shield are secured

together, with the insulator being captured therein.

Referring now in particular to FIGS. 1 and 4, the insulator
further comprises a channel 54 formed in the exterior surface of the insulator,
the channel provides a section 56 of the insulator located between the second
portion and the third portion of the insulator. Section 56 has a reduced
thickness such that is smaller than adjacent portions of the second section and
the third section. In addition, the channel is located such that it is aligned with
the jamb nut portion of the outer shell when the insulator is secured to the outer
shell and ground shield. Channel 54 is further configured to provide a gap 58
between an inner surface 60 of the outer shell behind the jamb nut and the outer
surface of the insulator defined by the channel. This gap prevents the jamb nut
from directly contacting the insulator on the barrel surface of the insulator
located on third section of the insulator located above the channel and thus
changes the load the jamb nut transfers to the insulator. In prior designs the
jamb nut was allowed to directly contact the insulator right at the barrel
interface which creates very high stresses in the insulator radius allowing it to

break at lower impacts.
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Moreover and by removing this point of contact higher strength
outer shells with an integral steel jamb nut portion can be used since the higher
crimping compressive forces required for the higher strength steel outer shells
do not produce a large tension load on the ceramic insulator which results in an

5  insulator more resistant to impacts. Non-limiting examples of high strength
steels are those with an increased amount of carbon or stainless steel in order to
provide the desired qualities. Non-limiting examples of high strength steels are
those manufactured according to the following standards, ASTM A1008; and
ASTM A1014-1019.

10 Accordingly and as discussed above, the back side of the jamb
nut portion does not make contact with the barrel surface of the insulator thus
this changes how stresses are applied to the ceramic namely, the jamb nut
reduces stresses to the insulator in the open area behind the jamb nut. For
example, the jamb nut will not apply forces perpendicular to or at an angle to

15  the tensional loads in the ceramic due to the securement or “hot pressing” of the
outer shell to the insulator. Thus, the ceramic is less likely to fatigue or break
due to forces being applied at an angle to the tensional loads in the ceramic by
the jamb nut. In addition, the higher strength outer shell increases the high

thread spark plugs ability to hold onto its ground shield during removal.

20 Proximate to the jamb nut and thread interface of the outer shell
is an inner shoulder portion 62 that is configured to engage a complimentary
shoulder portion 64 of the insulator. As illustrated, shoulder portion 64 is

located between channel portion 54 and second portion 32 of the insulator.

At the opposite end of the channel, the thickness of the insulator
25  wall increases at a point 68 that extends past an opening 70 defined by the jamb
nut portion. Thereafter, the third insulator section protrudes from the jamb nut

of the outer shell.

During assembly, the insulator is inserted axially into the outer

shell in the direction of arrow 72 then the motor seat portion 48 is pressed over
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flared portion 52 of the ground shield such that the insulator is captured within
the assembly of the outer shell and the ground shield via shoulders 64 and 40 of

the insulator.

Thereafter and when the spark plug is threaded into the engine
bore via the jamb nut, there is no direct contact of the jamb nut with the
insulator at the barrel interface. The motor seat portion will, in turn, engage a
complimentary sealing seat portion of the engine bore (not shown) and thus
establish an electrical ground connection between ground shield and the engine
head while at the same time sealing the combustion chamber from the

surrounding environment.

The assembled outer shell and ground shield thus function as a
unit. In alternative configurations, the motor seat portion of the outer shell and
portion 52 of the ground shield can also be joined to one another using a joining
technique such as brazing, laser welding, resistance welding, or plasma welding,
to secure the ground shield and the retainer together. In exemplary
embodiments of the present invention, the motor seat portion of the outer shell
can be “hot pressed” onto the flared portion of the ground shield. In addition,
the ground shield may also comprise a ground strap with a ground electrode that
extends over the center electrode tip. Moreover, the spark plug may also have
various other configurations. Non-limiting examples of spark plug and ground
shield/strap configurations are found in the following U.S. Patents 5,091,672;
5,697,334; 5,918,571; and 6,104,130 and U.S. Patent Publications US
2008/0272683; US 2009/0079319; US 2009/0121603; US 2009/0189503; US
2009/0189505; and US 2009/0189506 the contents each of which are

incorporated herein by reference thereto.

The outer shell will comprise a conductive metal material such as
a nickel-plated, carbon steel-based alloy and the threaded section can have an

outer thread diameter of about 12-16 mm or less; and the non-threaded section
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can have an outer diameter of about 6-10 mm to provide a small diameter spark

plug thereby allowing for a greater amount of engine space as described above.

The shape, size, and particular construction of outer shell may, of
course, vary greatly from one design to another; hence, the aforementioned
dimensional attributes of the outer shell and spark plug are merely provided as
non-limiting examples and exemplary embodiments of the present invention

contemplate sizes greater or less than these values.

Still further, noble metal chips can be joined to the center
electrode tip and a ground electrode strap by any suitable joining technique such

as brazing, laser welding, resistance welding, or plasma welding.

The insulator is formed from a non-conducting ceramic material
such as, for example, alumina ceramic so that it may fixedly retain center
electrode while preventing an electrical short between the center electrode and
the ground shield. Of course, any other suitable equivalent materials may be

used.

While the invention has been described with reference to an
exemplary embodiment, it will be understood by those skilled in the art that
various changes may be made and equivalents may be substituted for elements
thereof without departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or material to the
teachings of the invention without departing from the essential scope thereof.
Therefore, it 1s intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the

scope of the appended claims and their legal equivalence.



WO 2011/123666 PCT/US2011/030760

10

15

20

25

9
CLAIMS
What is claimed is:
1. A spark plug for an internal combustion engine, the spark plug

comprising:

an elongated center electrode having a center electrode tip at one
end and a terminal proximate to another end;

an insulator surrounding a portion of the center electrode, the
insulator having a channel formed in an exterior surface of the insulator; and

a jamb nut surrounding the insulator, the jamb nut being aligned
with the channel such that a distal end of the jamb nut does not contact the

insulator.

2. The spark plug as in claim 1, wherein no portion of the jamb nut

makes direct contact with the insulator barrel.

3. The spark plug as in claim 2, wherein the insulator has a first
portion, a second portion and a third portion, the first portion being located at
one end of the insulator and the third portion being located at an opposite end of
the insulator, wherein the channel is located between the second portion and the
third portion and the second portion has a larger thickness than the first portion

and the third portion.

4. The spark plug as in claim 1, wherein the jamb nut is integrally
formed with an outer shell that surrounds a portion of the insulator and an
exterior surface of the outer shell proximate to the jamb nut has a threaded

portion.
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5. The spark plug as in claim 4, wherein the jamb nut is located on
one end of the outer shell and an opposite end of the outer shell defines a motor
seat portion of the outer shell, wherein the threaded portion is located between

the jamb nut and the motor seat portion.

6. The spark plug as in claim 5, wherein the insulator has a first
portion, a second portion and a third portion, the first portion being located at
one end of the insulator and the third portion being located at an opposite end of
the insulator, wherein the channel is located between the second portion and the
third portion and the second portion has a larger thickness than the first portion

and the third portion.

7. The spark plug as in claim 6, wherein the insulator further
comprises a shoulder portion located between the channel and the second
portion the shoulder portion being configured to engage an inner shoulder
portion of the outer shell proximate to the jamb nut and thread interface of the

outer shell.

8. The spark plug as in claim 7, wherein the jamb nut forms an
opening and the channel extends from the inner shoulder of the outer shell
towards the distal end of the jamb nut forming the opening and thereafter the

thickness of the insulator increases to provide the third portion of the insulator.

9. The spark plug as in claim 8§, wherein no portion of the jamb nut
extending from the inner shoulder of the outer shell towards the distal end of the

jamb nut makes direct contact with the insulator.

10. The spark plug as in claim 9, wherein the insulator is made from

a non-conducting ceramic material.
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11. The spark plug as in claim 9, wherein the center electrode
extends form one end of the insulator and the terminal stud extends from an

opposite end of the insulator.

12. The spark plug as in claim 9, wherein the insulator further
comprises another shoulder portion located between the first portion and the
second portion, the another shoulder portion being configured to engage a distal
end of a ground shield located between the motor seat portion of the outer shell

and the another shoulder portion.

13. The spark plug as in claim 12, wherein the jamb nut forms an
opening and the channel extends from the inner shoulder past a distal end of the
jamb nut forming the opening and thereafter the thickness of the insulator

increases to provide the third portion of the insulator.

14. A method of forming a spark plug, comprising:

inserting an insulator into an outer shell of the spark plug, the
insulator having a first portion, a second portion and a third portion, the first
portion being located at one end of the insulator and the third portion being
located at an opposite end of the insulator and the second is located between the
first end and the third end, wherein a channel is located between the second
portion and the third portion and the second portion has a larger thickness than
the first portion and the third portion, the insulator further comprising a
shoulder portion located between the channel and the second portion;

contacting the shoulder portion of the insulator with an inner
shoulder portion of the outer shell proximate to a jamb nut of the outer shell, the
inner shoulder and the jamb nut being configured to provide an air gap between
the jamb nut and the channel such that no portion of the jamb nut directly

contacts the insulator; and
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securing a ground shield between another shoulder portion of the
insulator and a distal end of the outer shell, the another shoulder portion being

located between the first portion and the second portion of the insulator.

15. The method as in claim 14, wherein the insulator has a first
portion, a second portion and a third portion, the first portion being located at
one end of the insulator and the third portion being located at an opposite end of
the insulator, wherein the channel is located between the second portion and the
third portion and the second portion has a larger thickness than the first portion

and the third portion.

16. The method as in claim 14, wherein the jamb nut is integrally
formed with an outer shell that surrounds a portion of the insulator and an
exterior surface of the outer shell proximate to the jamb nut has a threaded

portion.

17. The method as in claim 16, wherein the jamb nut is located on
one end of the outer shell and an opposite end of the outer shell defines a motor
seat portion of the outer shell, wherein the threaded portion is located between

the jamb nut and the motor seat portion.

18. The method as in claim 17, wherein the insulator has a first
portion, a second portion and a third portion, the first portion being located at
one end of the insulator and the third portion being located at an opposite end of
the insulator, wherein the channel is located between the second portion and the
third portion and the second portion has a larger thickness than the first portion

and the third portion.

19. The method as in claim 18, wherein the insulator further

comprises a shoulder portion located between the channel and the second
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portion the shoulder portion being configured to engage an inner shoulder
portion of the outer shell proximate to the jamb nut and thread interface of the

outer shell.

5 20 The method as in claim 19, wherein the jamb nut forms an
opening and the channel extends from the inner shoulder of the outer shell
towards the distal end of the jamb nut forming the opening and thereafter the

thickness of the insulator increases to provide the third portion of the insulator.

10
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