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made from resistor glass material containing an alkali free barium alu-
mino-silicate glass mixed with mullite. In one embodiment, the resistor
is a 15 to 30 wt% alkali free barium alumino-silicate glass and 10 to 25
wt% mullite. The resistor material provides for a greater processing kiln
temperature range with reduced resistor variability and improved durab-
ility performance.
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SPARK PLUG

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to a spark plug and in particular to
a spark plug having a resistor made with glass materials with an increased glass transition

temperature.

[0002] Spark plugs are widely used to ignite fuel in internal combustion engines.
Spark plugs are subject to intense heat in a highly corrosive environment of a vehicle engine.
As a result, a spark plug having high durability and useful life is desireable. Further, in
addition to igniting fuel, in some applications the spark plug is influencing the senor signal
acquired by the vehicle control system to monitor the operation of the engine. These
applications typically require tighter electrical tolerances and lower electromagnetic
interference (EMI) to reduce interference with signals from both the spark plug itself and the

surrounding control circuitry.

[0003] Accordingly, while existing spark plugs are suitable for their intended
purposes, there remains a need for improvements particularly in providing a spark plug with

tighter resister tolerance.

BRIEF DESCRIPTION OF THE INVENTION

[0004] According to one aspect of the invention, a spark plug is provided having a

resistor made from a mixture of alkali free barium alumino-silicate glass and mullite.

[0005] According to another aspect of the invention, a spark plug is provided having
an insulator having an inner bore. A center electrode extends from one end of the inner bore.
An insert extends from an opposite side of the inner bore. A resistor is disposed between the
center electrode and the insert, the resistor being made from a mixture of alkali free barium

alumino-silicate glass and mullite.

[0006] According to yet another aspect of the invention, a method of fabricating a
sparkplug is provided. The method includes mixing carbon and ceramic powder to make
carbon slurry. The carbon slurry is added to a glass mixture containing an alkali free barium

borate glass and Mullite. The carbon slurry-glass mixture is dried and then screened to form
1
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a carbon resistor glass. The carbon resistor glass is loaded into a sparkplug insulator. The
sparkplug insulator-carbon glass assembly is heated to transform the carbon resistor glass into

a semi-melt condition.

[0007] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.
BRIEF DESCRIPTION OF THE DRAWING

[0008] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed

description taken in conjunction with the accompanying drawings in which:

[0009] FIG. 1 is a side sectional view of a spark plug in accordance with an

embodiment of the invention;

[0010] FIG. 2 is a graph showing the results of a spark plug resistance test based on

controlled kiln temperature

[0011] FIG. 3 is a graph showing the results of a spark plug accumulated failure rate

under accelerated testing;

[0012] FIG. 4 is a graph showing the results of a spark plug resistance change based

on production kiln temperature; and,

[0013] FIG. 5 is a flow chart showing a method of fabricating a spark plug in

accordance with an embodiment of the invention.

[0014] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawings.
DETAILED DESCRIPTION OF THE INVENTION

[0015] Embodiments of the present invention provide advantages in reducing the
variation of resistance values for a resistor in a spark plug application. It has been found that

the resistor glass materials are sensitive to kiln process temperature. This temperature
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sensitivity leads to a variation in resistance during the spark plug assembly process.
Embodiments of the present invention provide for a resistor material that has an improved
durability, a longer useful life and may be processed at a wider range of processing
temperatures while maintaining a low variation in resistance. Embodiments of the present

invention further provide for a smaller electromagnetic interference range for spark plugs.

[0016] Referring to FIG. 1, a spark plug 20 is shown in accordance with the present
invention. The spark plug 20 includes a metal casing or shell 22 having an externally
threaded cylindrical base 24 for threadable engagement in the cylinder head of an internal
combustion engine (not shown). The shell may include a generally hexagonal boss 30
thereon to allow for grasping and turning of the spark plug 20 with a suitable tool, such as a
conventional spark plug socket for example. A bi-metallic ground electrode 26 is coupled,

such as by welding for example, to a lower surface 28 of the threaded base 24.

[0017] The spark plug 20 further includes a ceramic insulator 32 disposed
concentrically within the shell 22. A center electrode 34 is disposed concentrically within the
insulator 32. The center electrode 34 may include a central core 36 made from a thermally
conductive material, such as copper or a copper alloy for example. An electrode tip 38 is
disposed on one end of the center electrode 34. Opposite the electrode tip 38 is an
electrically conductive insert or rod 40. The insert 40 fits into the upper end of the insulator

32 and forms

[0018] Disposed between the insert 38 and the center electrode 32 is an internal
resistor 42, As will be discuss in more detail herein, the resistor material and assembly
process influence resistance value of the internal resistor 42, the durability, useful life and
EMI emissions of the spark plug 20. In the exemplary embodiment, the resistor 42 is formed
from a mixture of an alkali free barium alumino-silicate glass, Mullite, carbon, ceramic
powders and other ingredients. The glass is composed of MgO 2.0wt% - Al1203 11.3wt% -
Si02 53.5wt% - CaO -12.0wt% - BaO - 20.5wt% in composition. In one embodiment, the
mixture has 15-30 wt% glass and 10-25% Mullite and the balance is ceramic powder, carbon,

borate glass and organic binders.

[0019] To form resistor glass containing the alkali free barium alumino-silicate glass,
first all the components, glasses, Mullite and other materials, are weighed and a carbon

slurry, containing carbon and ceramic powders (Zr0O2) is added. The components are mixed
3
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for a predetermined amount of time. In the exemplary embodiment the components are
mixed for seven minutes. Ice is added to components and further mixed for a predetermined
amount of time, such as 10 minutes for example. After the components and ice are mixed,
the mixture is oven dried. In the exemplary embodiment, the mixture is oven dried for 5
hours at 120C. TFollowing the drying, the mixture is screened, such as with a #20 mesh for
example. The material processed through the screen is ready to be used for assembling

resistor for sparkplugs

[0020] To assemble the resistor for sparkplug, the above finished powders are loaded
in the sparkplug insulator with centerwire and stud terminal. The whole assembly was then

processed through a high temperature kiln with peak temperature between 1700F to 1800F.

[0021] Fig. 2 shows the low voltage resistance of the resistor 42 at different kiln
processing temperatures. The standard glass formulation indicated by line 44 shows a
substantial variation in resistance of 54% over a processing temperature range of 200 degrees.
In contrast, the exemplary alkali free barium alumino-silicate glass/mullite resistor 42,
indicated by line 46, had only a 2% variation over the same temperature range. It should be
appreciated that this reduction in variation in resistance results in larger production yields.
Current production processes have a target kiln temperature of 1775°F and the temperature is

controlled within = 50°F in order to achieve a desired resistance value from the resistor 42.

[0022] Fig. 3 shows a life curves from accelerated life tests for the exemplary alkali
free barium alumino-silicate glass/mullite resistor 42 and standard spark plug resistors (as a
comparison) when processed at elevated temperature of 1900F. The accelerated life tests
were conducted in a heated pressure bomb at engine cylinder pressure. The standard spark
plug resistor had initial failures being at six hours. The exemplary akili free barium alumino-
silicate glass/mullite resistor 42 in contrast had no failures over a twenty-four hour period.
The results suggest that the resistor materials containing alkali free barium alumino-slicate
glass and Mullite has a wider process window to yield products with improved performance

and/or longer useful life.

[0023] Fig. 4 shows a resistance change curve for another embodiment alkali free
barium alumino-silicate glass/mullite resistor 42 and a standard spark plug resistor (as a
comparison), processed on standard production kiln. The alkali free barium alumino-silicate

glass/mullite resistor 42 shows a lower resistor variation in temperature ranges lower than
4
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1800°F, and has a processing window with a substantially flat resistance between 1750°F to

1800°F.

[0024] Referring now to Lig. 5, a method 50 of fabricating a spark plug, such as spark
plug 20 for example is shown. The method 50 starts in block 52 where carbon and ceramic
powder are mixed to make carbon slurry. The carbon slurry is added to the glass mixture and
Mullite in block 54. The glass mixture includes but is not limited to alkali free barium borate
glass. The alkali free barium borate glass may be composed of MgO 2.0wt% - Al203
11.3wt% - Si02 53.5wt% - CaO -12.0wt% - BaO - 20.5wt% in composition. In one
embodiment, the mixture has 15-30 wt% glass and 10-25% Mullite and the balance is
ceramic powder, carbon, borate glass and organic binders. The mixture is then dried and

screened in block 56 to form a carbon resistor glass.

[0025] The desired volume of carbon resistor glass is then loaded into sparkplug
insulators, such as insulator 32 for example, in block 58. The above insulator glass assembly
is then subject to high temperature environment in block 60. In one embodiment, the
insulator-glass assembly is carried on a conveyor through an oven operating at a temperature
of 1650F to 1850F. At the end of the firing cycle, a plunge (terminal stud), such as insert 40
for example, is pressed into the insulator in block 62 so that the glass powders (in semi-melt
condition) can be compacted into dense condition and the resistor is hence formed and sealed

into the sparkplugs.

[0026] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:

1. A spark plug comprising a resistor made from a mixture of alkali free barium

alumino-silicate glass and mullite.

2. The spark plug of claim 1 wherein the resistor is made from 15 to 30 wt% alkali free

barium alumino-silicate glass.
3. The spark plug of claim 2 wherein the resistor is made from 10 to 25 wt% mullite.

4. The spark plug of claim 3 wherein the alkali free barium alumino-silicate glass is
comprised of MgO 2.0wt% - Al203 11.3wt% - SiO2 53.5wt% - CaO -12.0wt% - BaO -

20.5wt% in composition

5. The spark plug of claim 4 wherein the resistor material containing alkali free barium
alumino-silicate glass is processed in a kiln at a processing temperature between 1650°FF and

1850°F.
6. A spark plug comprising:
an insulator having an inner bore;
a center electrode extending from one end of the inner bore;
an insert extending from an opposite side of the inner bore; and,

a resistor disposed between the center electrode and the insert, the resistor being made

from a mixture of alkali free barium alumino-silicate glass and mullite.

7. The spark plug of claim 6 wherein the resistor is made from 15 to 30 wt% alkali free

barium alumino-silicate glass.
8. The spark plug of claim 7 wherein the resistor is made from 10 to 25 wt% mullite.

9. The spark plug of claim 8 wherein the alkali free barium alumino-silicate glass is
comprised of MgO 2.0wt% - Al1203 11.3wt% - SiO2 53.5wt% - CaO -12.0wt% - BaO -

20.5wt% in composition.
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10. The spark plug of claim 9 wherein the alkali free barium alumino-silicate glass is

processed in a kiln at a processing temperature between 1650°F and 1850°F.
11. A method of fabricating a sparkplug comprising:
mixing carbon and ceramic powder to make carbon slurry;

adding the carbon slurry to a glass mixture containing an alkali free barium borate

glass and Mullite;
drying the carbon slurry-glass mixture;
forming a carbon resistor glass;
loading the carbon resistor glass into a sparkplug insulator; and,

heating the sparkplug insulator-carbon glass assembly to transform the carbon resistor

glass into a semi-melt condition.

12. The method of claim 11 further comprising screening the carbon slurry-glass mixture
after drying.

13. The method of claim 12 wherein the screening is performed with a #20 mesh.

14. The method of claim 11 further comprising mixing the glass mixture containing an

alkali free barium borate glass, Mullite and carbon slurry for a first predetermined amount of

time.

15. The method of claim 14 wherein the first predetermined amount of time is seven
minutes.

16. The method of claim 14 further comprising mixing ice with the glass mixture

containing an alkali free barium borate glass, Mullite and carbon slurry for a second

predetermined amount of time.

17. The method of claim 16 wherein the second predetermined amount of time is ten

minutes.
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18. The method of claim 11 further comprising pressing a terminal stud into said

insulator-carbon glass assembly when the carbon resistor glass is in a semi-melt condition.

19. The method of claim 18 wherein the alkali free barium alumino-silicate glass is

comprised of MgO 2.0wt% - Al203 11.3wt% - SiO2 53.5wt% - CaO -12.0wt% - BaO -

20.5wt% in composition.

20). The method of claim 19 wherein the carbon resistor glass is made from 15 to 30 wt%

alkali free barium alumino-silicate glass.

21. The method of claim 20 wherein the carbon resistor glass is made from 10 to 25 wt%

mullite.

22. The method of claim 21 wherein the heating of the sparkplug insulator-carbon glass

assembly is performed in a kiln at a processing temperature between 1650°F and 1850°F.



PCT/US2012/033177

WO 2012/166248

1/4

FIG. 1



WO 2012/166248 PCT/US2012/033177

2/4

6.5

—¢— Standard
SCM-6

55 ——-@-——SCM-G-MOd
mn
£
S
X 4.5
o
>
-

3.5

2.5 T T T T T T

1600 1650 1700 1750 1800 1850 1900 1950
Kiln Temp (F)
’

S
o 0.8 Standard
= —8— SCM-6-Mod
8 06
[})
2
® 0.4
-
£
3 02
Q
<

0 5 10 15 20 25
HPB Test (hrs)

FIG. 3



WO 2012/166248 PCT/US2012/033177

3/4

100

80 ~~Rd(SCM-6)

60

40

20

Resistance Change (%)

-20

-40

Kiln Temperature

FIG. 4



WO 2012/166248 PCT/US2012/033177

4/4

Mix 52
50 carbon & /
ceramic

powers

54

Add carbon slurry to /
glasses and mullite
56
Dry and /
Screen

l 58
Load resistor glass into /

insulators

l 60

Heat
insulator —/

assembly

Press 62
terminal | _— F I G . 5
stud




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2012/033177

A. CLASSIFICATION OF SUBJECT MATTER

HOIR 13/20(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1R 13/20; HO1T 13/20; HO1B 1/06; CO3C 27/02

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

eKOMPASS(KIPO internal) & Keywords:spark plus,resistor,barium

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See abstract, paragraphs [0047]-[0048], claim 1 and figure 1.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 2009-245716 A (NGK SPARK PLUG CO LTD) 22 Cctober 2009 1-3,6-8,11-18
A See figure 1 and paragraphs [0022]-[0023]. 4-5,9-10,19-22
A US 6590318 B2 (NISHIKAWA; KENICHI et al.) 08 July 2003 1-22

See abstract, column 25, lines 21-24, claim 1 and figure 1.
A US 044460584 A (SAKAL; MASAO et al.) 01 May 1984 1-22

See abstract, claims 1,2,4 and figure 2.
A US 2001-0007196 Al (MAKOTO SUGIMOTO et al.) 12 July 2001 1-22

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:
"A"  document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

e

yn

"&" document member of the same patent family

Date of the actual completion of the international search

19 OCTOBER 2012 (19.10.2012)

Date of mailing of the international search report

23 OCTOBER 2012 (23.10.2012)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer
Lee Min Hyong

Telephone No.  82-42-481-8692

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2012/033177

Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2009-245716 A 22.10.2009 CN 101897091 A 24.11.2010
EP 2214273 A1 04.08.2010
JP 04-922980 B2 10.02.2012
KR 10-2010-0130581 A 13.12.2010
US 20100264823 A1l 21.10.2010
W0 2009-122941 A1 08.10.2009

US 6590318 B2 08.07.2003 CA 2339390 Al 29.08.2001
CN 1317857 AO 17.10.2001
CN 1326301 CO 11.07.2007
DE 60107735 D1 20.01.2005
DE 60107735 T2 08.12.2005
DE 60132504 D1 06.03.2008
DE 60132504 T2 15.01.2009
DE 60132504 T8 16.04.2009
DE 60138970 D1 23.07.2009
DE 60140221 D1 26. 11,2009
EP 1130728 A2 05.09. 2001
EP 1130728 A3 02.07.2003
EP 1130728 B1 15.12.2004
EP 1434323 A2 30.06.2004
EP 1434323 A3 13.04.2005
EP 1434323 B1 16.01.2008
EP 1434324 A2 30.06.2004
EP 1434324 A3 13.04.2005
EP 1434324 B1 10.06.2009
EP 1434325 A2 30.06.2004
EP 1434325 A3 13.04.2005
EP 1434325 B1 14.10.2009
JP 03-510172 B2 09.01.2004
JP 03-632953 B2 30.03.2005
JP 04-833526 B2 30.09.2011
JP 2001-244043 A 07.09.2001
JP 2001-319755 A 16.11.2001
JP 2004-363112 A 24.12.2004
JP 3510172 B2 22.03.2004
JP 4833526 B2 07.12.2011
KR 10-2001-0085694 A 07.09.2001
KR20010085694A 07.09. 2001
US 2002-0033659 A1 21.03.2002

US 04446058A A 01.05. 1984 JP 1478811 C 10.02. 1989
JP 58-012302 A 24.01.1983
JP 63-028322 B 08.06. 1988

US 2001-0007196 A1 12.07.2001 CN 1050942 C 29.03.2000
CN 1179024 A 15.04. 1998
CN 1179024 CO 15.04. 1998
DE 69712845 D1 04.07.2002

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2012/033177

Patent document Publication
cited in search report date

Patent family
member(s)

Publication
date

DE 69712845 T2
EP 0829936 A1
EP 0829936 B1
JP 03-813708 B2
JP 10-144448 A
US 06137211A A
Us 6341501 B2

14.11.2002
18.03. 1998
29.05.2002
23.08.2006
29.05.1998
24.10.2000
29.01.2002

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - claims
	Page 9 - claims
	Page 10 - claims
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report

