2007/121391 A2 IV 000 0 D00 0 O A

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

(19) World Intellectual Property Organization Vd”Ij

) IO O T O O

International Bureau

(43) International Publication Date
25 October 2007 (25.10.2007)

(10) International Publication Number

WO 2007/121391 A2

(51) International Patent Classification:
FO2P 3/02 (2006.01) FO2P 3/04 (2006.01)
HOIT 13/20 (2006.01)

(21) International Application Number:
PCT/US2007/066686

(22) International Filing Date: 16 April 2007 (16.04.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/792,205 14 April 2006 (14.04.2006) US
(71) Applicant (for all designated States except US): FED-
ERAL-MOGUL CORPORATION [US/US]; 26555

Northwestern Highway, Southfield, MI 48034 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): LYKOWSKI, James,
D. [US/US]; 1609 W. Dean Road, Temperance, MI 48182
(US).

(74) Agents: ANDERSON, Edmund, P. et al.; Dickinson
Wright PLLC, 38525 Woodward Avenue, Suite 2000,
Bloomfield Hills, MI 48304-5092 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN,
IS, JIP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: SPARK PLUG CIRCUIT

(57) Abstract: A spark plug circuit for, and a method of, reducing or preventing the corrosion of a spark plug electrodes in an
internal combustion engine. The circuit and method provide a positive voltage across the center electrode/ground electrode gap,
which repels positively charged corrosion mechanisms, such as calcium and phosphorus ions.



WO 2007/121391 PCT/US2007/066686

SPARK PLUG CIRCUIT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No.
60/792,205, filed April 14, 2006 which is hereby incorporated by reference.
BACKGROUND OF THE INVENTION
[0002] 1. Technical Field
[0003] The present invention relates to spark plugs for igniting the fuel/air mixture
in a combustion chamber of an automobile and to systems and methods for reducing
corrosion, clogging and fouling of the center electrode of the spark plug.
[0004] 2. Discussion
[0005] Spark plugs, of course, are well known in the automotive and other industries
for igniting the fuel mixture in the cylinders of internal combustion engines. Spark plugs
are exposed to extremely high temperatures and corrosive environments which reduce their
useful life. In order to increase the useful life of the spark plug, and especially the discharge
portion of the spark plug, many spark plugs use metals containing predominately Platinum
(Pt), Iridium (Ir) or alloys thereof. Nonetheless, corrosion mechanisms are still present with
spark plugs using Ir. The corrosion mechanism on spark plugs using Ir occurs through the
presence of calcium and/or phosphorus, both of which are often present in the oil used to
lubricate the engine, which invariably enters the combustion chamber in internal
combustion engines. Due to the high temperature of the combustion reaction it has been
found that calcium and phosphorous may wear away or corrode the Ir on the electrode of
the spark plug. Other problems with Ir include severe oxidation at certain temperature
ranges. Though the discharge portion of the spark surface is typically immune from wear,
over time corrosion or oxidation may cause pieces of the discharge portion to dissolve,
erode and/or vaporize. It is believed that calcium and/or phosphorus is the cause of this
wear. The source of the calcium and phosphorus is from the lubricating oil that is circulated
throughout the engine. A small amount of lubricating oil is present in the combustion
chamber as it moves past the piston rings.
[0006] Engine designers and manufacturers are continually pressured to increase the
efficiency of the engine. One major source of loss of efficiency is in the form of friction.
Major friction losses occur through the reciprocal movement of the pistons within the

combustion chambers. In an effort to reduce the friction between the pistons and



WO 2007/121391 PCT/US2007/066686

combustion chamber walls, engine designers are changing the piston ring designs to reduce
friction, which tends to allow more oil to pass between the piston and combustion chamber
walls, thus leading to an increase of engine lubricant entering into the combustion chamber.
This increase in engine lubricant into the combustion chamber increases corrosive
compounds, such as calcium and phosphorus, and exacerbate the corrosion and fouling of
the Ir containing electrodes.
[0007] Further, it has been observed that during the combustion cycle, calcium and
phosphorus is present in ionic form in the gas phase of the combustion cycle. The gas
containing the calcium and phosphorus molecules condenses into a liquid onto the tip of the
Ir electrode. Because the calcium and phosphorus ions are positively charged, they are
attracted to the negatively charged electrode of the spark plug. Once on the tip of the
electrode, the corrosion mechanism of the calcium and phosphorus ions acts to corrode
and/or foul the electrode. Moreover, it is known that molten calcium dissolves Ir and leaves
the Ir electrode vulnerable to oxidation.
[0008] Therefore, there is a need for a new and improved method and system for
preventing or reducing the corrosion mechanism caused by the presence of calcium and
phosphorus in the combustion chamber.

SUMMARY OF THE INVENTION
[0009] In view of the above, the described features of the present invention
generally relate to a spark plug ignition circuit for igniting the fuel/air mixture in a
combustion chamber of an internal combustion engine. The circuit comprises a battery
having a positive terminal and a negative terminal, which is connected to a vehicle ground.
The circuit further includes an ignition circuit having a first and second switch terminal,
which is operably connected to the vehicle ground. The circuit also comprises an ignition
coil having a primary coil and a secondary coil, wherein the primary coil has a first coil end
operably connected to the first switch terminal of the ignition circuit and a second coil end
operably connected to the positive terminal of the battery. The secondary coil has a first
coil end and a second coil end, which is operably connected to vehicle ground.
Additionally, the circuit comprises a spark plug having a center electrode and a ground
electrode, wherein the center electrode is operably connected to the first coil end of the
secondary coil and the ground electrode is operably connected to ground, wherein the center
electrode and the ground electrode are separated by a gap and the secondary coil provides a

first positive voltage across the gap between the center electrode and the ground electrode.
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[0010] In another embodiment of the present invention, a method for reducing
corrosion of spark plug electrodes in an ignition system is disclosed. The method comprises
the step of providing a first positive voltage across the gap between the center electrode and
the ground electrode.
[0011] In yet another embodiment of the present invention, a spark plug ignition
circuit for igniting the fuel/air mixture in a combustion chamber of an internal combustion
engine is disclosed. The circuit comprises a battery having a positive terminal and a
negative terminal, which is connected to a vehicle ground. The circuit further includes an
ignition circuit having a first and second switch terminal, which is operably connected to the
vehicle ground. The circuit also comprises an ignition coil having a primary coil and a
secondary coil, wherein the primary coil has a first coil end operably connected to the first
switch terminal of the ignition circuit and a second coil end operably connected to the
positive terminal of the battery. The secondary coil has a first coil end and a second coil
end, which is operably connected to vehicle ground. Additionally, the circuit comprises a
spark plug having a center electrode and a ground electrode, wherein the center electrode is
operably connected to the first coil end of the secondary coil, the ground electrode is
operably connected to ground, and the ground electrode has a portion made of Iridium or an
alloy of Iridium, wherein the center electrode and the ground electrode are separated by a
gap and the secondary coil provides a negative voltage across the gap between the center
electrode and the ground electrode.
[0012] Further scope of applicability of the present invention will become apparent
from the following detailed description, claims, and drawings. However, it should be
understood that the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various changes
and modifications within the spirit and scope of the invention will become apparent to those
skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The present invention will become more fully understood from the detailed
description given here below, the appended claims, and the accompanying drawings in
which:
[0014] FIGURE 1 is a schematic diagram of a conventional automotive ignition

system;
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[0015] FIGURE 2 is a schematic diagram of a spark plug ignition system, in
accordance with one embodiment of the present invention; and
[0016] FIGURE 3 is a schematic diagram of an alternate embodiment of a spark
plug ignition system, in accordance with the present invention.

DETAILED DESCRIPTION
[0017] Referring now to Figure 1, a conventional automotive ignition system is

shown schematically. Prior art ignition circuit 10 generally includes a battery 12, an
ignition coil 14, a spark plug 16, and an ignition switch 18. The battery 12 includes two
terminals: positive terminal 20 and negative terminal 22. The ignition coil 14 includes a
primary coil 24 and a secondary coil 26. Primary coil 24 has a first coil end 28 connected to
the positive terminal 20 of battery 12. Primary coil 24 also has a second coil end 30
connected to switch 18. Switch 18 has a first switch terminal 32 and a second switch
terminal 34. Connected to the second switch terminal 34 is negative terminal 22 of battery
12. Secondary coil 26 has a first end 36 connected to spark plug 16 and a second end 38
connected to negative terminal 22 of battery 12.

[0018] Spark plug 16 generally includes a first end 40 having an electrical connector
for attaching, as is conventionally known, a distributor wire connecting the first end 36 of
secondary coil 26 to spark plug 16. As is conventionally known, the electrical connector at
the first spark plug end 40 is in communication with a center electrode, which is insulated
from the grounded body of spark plug 16 at second spark plug end 42. Generally, second
spark plug end 42 has a ground electrode and is connected through the engine and body of
the vehicle to the vehicle ground or the negative terminal 22 of battery 12. Circuit 10 may
have multiple grounding points, such as grounding point 44, which connect the circuit 10 to
vehicle ground.

[0019] In operation, battery 12 energizes the primary coil 24 of ignition coil 14.
Once the primary coil 24 is fully energized and the appropriate time in the combustion cycle
is reached, that is, when a spark is required, switch 18 is activated to disconnect primary
coil 24 from ground 44. Upon disconnection of the primary coil 24 from ground, the energy
stored in primary coil 24 is released through a collapsing magnetic field. As the magnetic
field collapses, voltage is induced in secondary coil 26. The polarity of the voltage induced
in secondary coil 26 is dictated by polarity set up in primary coil 24. Secondary coil 26 will
have the opposite polarity of primary coil 24. In other words, if the first end 28 of the

primary coil 24 is the positive end, then the first end 36 of secondary coil 26 will be the
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negative end of secondary coil 26. If the first end 36 of secondary coil 26 is the negative
end of secondary coil 26, which is the case for circuit 10 shown in Figure 1, the electrode of
spark plug 16 will be negatively charged with respect to ground 44. The second end 42 of
spark plug 16 is connected to ground 44, which has a positive polarity with respect to first
end 40, and the spark will be created between the negatively charged electrode and end 42
of spark plug 16.

[0020] Referring now to Figure 2, a schematic diagram illustrating a spark plug
ignition circuit 60 in accordance with one embodiment of the present invention is shown.
Ignition circuit 60 includes a battery 62, an ignition coil 64, a spark plug 66, an ignition
switch 68, and at least one ground point 70. Battery 62, as is conventionally known, has a
positive terminal 72 and a negative terminal 74.

[0021] Ignition coil 64 includes a primary coil 76 and a secondary coil 78. Primary
coil 76 has a first coil end 80 and a second coil end 82. First coil end 80 is connected to
ignition switch 68, and second coil end 82 is connected to positive terminal 72 of battery 62.
Secondary coil 78 has a first coil end 84 connected to spark plug 66 and a second coil end
86 connected to ground point 70. Ignition switch 68 has a first switch terminal 88
connected to the first end of primary coil 76 and a second switch terminal 90 connected to a
negative terminal 74 of battery 62.

[0022] Spark plug 66 may have various configurations suitable for use in a variety
of applications. The configuration of spark plug 66 shown in the Figures is for illustrative
purposes only. The present invention contemplates the use of a variety of spark plug types
and configurations, including spark plugs having a center electrode having an Ir or Ir alloy
discharge portion. Spark plug 66 has a center electrode and a ground electrode 94. The
center electrode is in communication with an electrical connector 92. Electrical connector
92 is configured to connect to an electrical cable (shown schematically) such as a distributor
wire. The center electrode via electrical connector 92 of spark plug 66 is connected to first
coil end 84 of secondary coil 78, and the ground electrode 94 of spark plug 66 is connected
to ground point 70 or vehicle ground.

[0023] In operation, primary coil 76 of ignition coil 64 is energized by battery 62.
The connections previously described with regard to the primary coil 76 of ignition coil 64
sets up a voltage polarity where the first end 80 of primary coil 76 is at vehicle ground and
coil end 82 of primary coil 76 is at positive twelve volts or positive battery voltage. When a

spark is required, which occurs at a specified time in the combustion cycle usually called
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spark timing, ignition switch 68 is opened to disconnect the first end 80 of primary coil 76
from vehicle ground. Once the vehicle ground connection of primary coil 76 is interrupted
by switch 68, the magnetic field developed in primary coil 76 collapses, and the resulting
change in magnetic flux induces a voltage across secondary coil 78. The polarity of voltage
induced in coil 78 is the opposite of the polarity set up in primary coil 76. That is, first coil
end 84 is at a positive voltage and second coil end 86 is at vehicle ground. When secondary
coil 78 is fully charged, a spark is developed across the gap between the center electrode of
spark plug 66 and the ground electrode 94. Since the first end 84 of secondary coil 78 is at
a positive voltage, then the center electrode of spark plug 66 is positively charged, and the
ground electrode 94 of spark plug 66 is at vehicle ground.

[0024] It has been observed that spark plugs having a portion of their center
electrode made of an iridium or an alloy thereof enhances the life and durability of the
discharge portion of the spark plug. Further, the inventor has determined that the
combination of iridium and a positively charged electrode significantly reduces corrosion of
the electrode. The corrosion mechanism is caused by the presence of calcium and
phosphorus ions present in the combustion chamber. During combustion, the calcium and
phosphorus ions are positively charged. The present invention, as described herein,
provides a center electrode that is positively charged that, therefore, repels the positively
charged calcium and phosphorus ions. Thus, the spark plug of the present invention is
configured to significantly reduce or eliminate the impingement and/or collection of
calcium and phosphorus ions on the center electrode. The inventor has also determined
that, in a conventional spark plug ignition system in which a negative polarity is utilized as
the sparking voltage, a reduction in corrosion of the spark plug can be achieved by utilizing
an iridium or iridium alloy on the ground electrode only.

[0025] Referring now to Figure 3, a schematic diagram of an alternate embodiment
100 of an ignition circuit, in accordance with the present invention, is illustrated. Ignition
circuit 100 shown in Figure 3 includes the same components as shown and described above
with respect to Figure 2 and includes the same connections to those components. However,
alternate ignition circuit 100 includes a voltage source, illustrated in Figure 3 as DC to DC
converter 102. The DC to DC converter 102 provides a voltage source that will energize
secondary coil 78 and provide a voltage across the gap of spark plug 66. While the
embodiment illustrated in Figure 3 includes DC to DC converter 102, the present invention

contemplates the use of any secondary voltage source to provide this constant voltage, e.g.,
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a capacitor or battery. The DC to DC converter 102 has a first terminal 104 and a second
terminal 106. First terminal 104 of converter 102 is connected to the second end 86 of
secondary coil 78. Second terminal 106 of DC to DC converter 102 is connected to ground
point 70. Thus, converter 102 provides a constant positive voltage drop across the
electrodes of spark plug 66 throughout the combustion cycle. Advantageously, the
application of converter 102 provides a positive charge on the center electrode of spark plug
66 over the duration of the combustion cycle, thereby repelling the positively charged
corrosive elements throughout the combustion cycle. Of course, the present invention
contemplates the activation of DC to DC converter 102 over a time less than the entire
combustion cycle as well.

[0026] The foregoing discussion discloses and describes an exemplary embodiment
of the present invention. One skilled in the art will readily recognize from such discussion,
and from the accompanying drawings and claims that various changes, modifications and
variations can be made therein without departing from the true spirit and fair scope of the

invention as defined by the following claims.
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CLAIMS

What is claimed is:

1. A spark plug ignition circuit for igniting the fuel/air mixture in a combustion
chamber of an internal combustion engine, comprising:

a battery having a positive terminal and a negative terminal, wherein the negative
terminal is operably connected to a vehicle ground;

an ignition circuit having a first and second switch terminal, wherein the second
switch terminal is operably connected to the vehicle ground;

an ignition coil having a primary coil and a secondary coil, wherein the primary coil
has a first coil end and a second coil end, wherein the first coil end is operably connected to
the first switch terminal of the ignition circuit and the second coil end is operably connected
to the positive terminal of the battery and the secondary coil has a first coil end and a
second coil end, wherein the second coil end is operably connected to vehicle ground; and

a spark plug having a center electrode and a ground electrode, wherein the center
electrode is operably connected to the first coil end of the secondary coil and the ground
electrode is operably connected to ground, wherein the center electrode and the ground
electrode are separated by a gap and the secondary coil provides a first positive voltage

across the gap between the center electrode and the ground electrode.

2. The spark plug ignition circuit of claim 1, wherein the center electrode has a

portion made of Iridium.

3. The spark plug ignition circuit of claim 2, further comprising a voltage
source connected to the secondary coil for providing a second positive voltage across the

gap between the center electrode and the ground electrode.

4. The spark plug ignition circuit of claim 1, further comprising a voltage
source connected to the secondary coil for providing a second positive voltage across the

gap between the center electrode and the ground electrode.

5. The spark plug ignition circuit of claim 1, wherein the center electrode has a

portion made of an alloy of Iridium.
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6. The spark plug ignition circuit of claim 5, further comprising a voltage
source connected to the secondary coil for providing a second positive voltage across the

gap between the center electrode and the ground electrode.

7. The spark plug ignition circuit of claim 1, wherein the secondary coil
provides the first positive voltage across the gap between the center electrode and the

ground electrode at spark timing.

8. The spark plug ignition circuit of claim 7, further comprising a voltage
source connected to the secondary coil for providing a second positive voltage across the

gap between the center electrode and the ground electrode.

9. The spark plug ignition circuit of claim 8, wherein the voltage source
provides the second positive voltage across the gap between the center electrode and the

ground electrode at a time other than the spark timing.

10. A method for reducing corrosion of spark plug electrodes in an ignition
system, the ignition system comprising a battery having a positive terminal and a negative
terminal, wherein the negative terminal is operably connected to a vehicle ground; an
ignition circuit having a first and second switch terminal, wherein the second switch
terminal is operably connected to the vehicle ground; an ignition coil having a primary coil
and a secondary coil, wherein the primary coil has a first coil end and a second coil end,
wherein the first coil end is operably connected to the first switch terminal of the ignition
circuit and the second coil end is operably connected to the positive terminal of the battery
and the secondary coil has a first coil end and a second coil end, wherein the second coil
end is operably connected to vehicle ground; and a spark plug having a center electrode and
a ground electrode, wherein the center electrode is operably connected to the first coil end
of the secondary coil and the ground electrode is operably connected to ground, wherein the
center electrode and the ground electrode are separated by a gap, the method comprising the
step of:

providing a first positive voltage across the gap between the center electrode and the

ground electrode.
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11.  The method of claim 10, wherein the step of providing the first positive
voltage across the gap between the center electrode and the ground electrode is performed

by the secondary coil.

12.  The method of claim 11, wherein the step of providing the first positive

voltage across the gap between the center electrode and the ground electrode is performed at

spark timing.

13.  The method of claim 10, wherein the step of providing the first positive
voltage across the gap between the center electrode and the ground electrode is performed at

spark timing.

14.  The method of claim 13, further comprising the step of providing a second

positive voltage across the gap between the center electrode and the ground electrode.

15.  The method of claim 14, wherein the step of providing the second positive
voltage across the gap between the center electrode and the ground electrode is performed

by a voltage source.

16.  The method of claim 14, wherein the step of providing the second positive
voltage across the gap between the center electrode and the ground electrode is performed at

a time other than the spark timing.

17.  The method of claim 16, wherein the step of providing the second positive
voltage across the gap between the center electrode and the ground electrode is performed

by a voltage source.

18. The method of claim 10, wherein the center electrode has a portion made of
Iridium.

19.  The method of claim 10, wherein the center electrode has a portion made of
an alloy of Iridium.

10
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20. A method for reducing corrosion of spark plug electrodes, comprising:

providing a battery having a positive terminal and a negative terminal, wherein the
negative terminal is operably connected to a vehicle ground;

providing an ignition circuit having a first and second switch terminal, wherein the
second switch terminal is operably connected to the vehicle ground;

providing an ignition coil having a primary coil and a secondary coil, wherein the
primary coil has a first coil end and a second coil end, wherein the first coil end is operably
connected to the first switch terminal of the ignition circuit and the second coil end 1is
operably connected to the positive terminal of the battery and the secondary coil has a first
coil end and a second coil end, wherein the second coil end is operably connected to vehicle
ground;

providing a spark plug having a center electrode and a ground electrode, wherein the
center electrode is operably connected to the first coil end of the secondary coil and the
ground electrode is operably connected to ground, wherein the center electrode and the
ground electrode are separated by a gap; and

providing a first positive voltage across the gap between the center electrode and the

ground electrode.

21.  The method of claim 20, wherein the step of providing the first positive
voltage across the gap between the center electrode and the ground electrode is performed

by the secondary coil.

22.  The method of claim 21, wherein the step of providing the first positive
voltage across the gap between the center electrode and the ground electrode is performed at

spark timing.

23.  The method of claim 20, wherein the step of providing the first positive
voltage across the gap between the center electrode and the ground electrode is performed at

spark timing.

24.  The method of claim 23, further comprising the step of providing a second

positive voltage across the gap between the center electrode and the ground electrode.

11
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25.  The method of claim 24, wherein the step of providing the second positive
voltage across the gap between the center electrode and the ground electrode is performed

by a voltage source.

26.  The method of claim 24, wherein the step of providing the second positive
voltage across the gap between the center electrode and the ground electrode is performed at

a time other than the spark timing.

27.  The method of claim 26, wherein the step of providing the second positive

voltage across the gap between the center electrode and the ground electrode is performed

by a voltage source.

28.  The method of claim 20, wherein the center electrode has a portion made of

Iridium.

29. The method of claim 20, wherein the center electrode has a portion made of

an alloy of Iridium.

30. A spark plug ignition circuit for igniting the fuel/air mixture in a combustion
chamber of an internal combustion engine, comprising:

a battery having a positive terminal and a negative terminal, wherein the negative
terminal is operably connected to a vehicle ground;

an ignition circuit having a first and second switch terminal, wherein the second
switch terminal is operably connected to the vehicle ground,

an ignition coil having a primary coil and a secondary coil, wherein the primary coil
has a first coil end and a second coil end, wherein the first coil end is operably connected to
the first switch terminal of the ignition circuit and the second coil end is operably connected
to the positive terminal of the battery and the secondary coil has a first coil end and a
second coil end, wherein the second coil end is operably connected to vehicle ground; and

a spark plug having a center electrode and a ground electrode, wherein the center
electrode is operably connected to the first coil end of the secondary coil, the ground
electrode is operably connected to ground, and the ground electrode has a portion made of

Iridium, wherein the center electrode and the ground electrode are separated by a gap and

12
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the secondary coil provides negative voltage across the gap between the center electrode

and the ground electrode.

31. A spark plug ignition circuit for igniting the fuel/air mixture in a combustion
chamber of an internal combustion engine, comprising:

a battery having a positive terminal and a negative terminal, wherein the negative
terminal is operably connected to a vehicle ground;

an ignition circuit having a first and second switch terminal, wherein the second
switch terminal is operably connected to the vehicle ground;

an ignition coil having a primary coil and a secondary coil, wherein the primary coil
has a first coil end and a second coil end, wherein the first coil end is operably connected to
the first switch terminal of the ignition circuit and the second coil end is operably connected
to the positive terminal of the battery and the secondary coil has a first coil end and a
second coil end, wherein the second coil end is operably connected to vehicle ground; and

a spark plug having a center electrode and a ground electrode, wherein the center
electrode is operably connected to the first coil end of the secondary coil, the ground
electrode is operably connected to ground, and the ground electrode has a portion made of
an alloy of Iridium, wherein the center electrode and the ground electrode are separated by a
gap and the secondary coil provides negative voltage across the gap between the center

electrode and the ground electrode.

13
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