US 20160021783A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2016/0021783 A1

Anderson 43) Pub. Date: Jan. 21, 2016
(54) FAN COOLED IGNITION COIL METHOD (52) US.CL

AND APPARATUS CPC ............ HOSK 7/20209 (2013.01); HOIT 15/00

(2013.01); HOSK 7/20272 (2013.01); HOSK

(71) Applicant: Cummins Inc. 7/20872 (2013.01); HOSK 7/20863 (2013.01);

HO5K 7/20281 (2013.01)
(72) Inventor: Alan C. Anderson, Columbus, IN (US)

57 ABSTRACT
(21)  Appl. No.: 14/331,835 This disclosure provides an ignition coil for a spark ignited
internal combustion engine. The ignition coil includes a coil
(22) Filed: Jul. 15, 2014 body having an outer surface and internal windings coupled
to a connector. The ignition coil also includes a housing
Publication Classification surrounding the coil body. The housing has an outer wall
spaced apart from the outer surface of the coil body thereby
(51) Int.ClL forming a gap between the outer surface of the coil body and
HO5K 7/20 (2006.01) the outer wall. The outer wall includes an opening in flow

HOIT 15/00 (2006.01) communication with the gap.

400

434
416

gl l;fi'/ 412

§ ~ Ik 402

418

404

422

436



Patent Application Publication  Jan. 21, 2016 Sheet 1 of 9 US 2016/0021783 A1

Q
-

PRIOR ART
FIGURE 1




¢ 3¥N5IA

US 2016/0021783 Al

N

s, (] I o

tee ‘ozt

Jan. 21,2016 Sheet 2 of 9

e e s e . s s e
4

91¢

Patent Application Publication
Q
S
o~
<



Patent Application Publication  Jan. 21, 2016 Sheet 3 of 9 US 2016/0021783 A1

/ 200
218

FIGURE 3

302
216 g/ 300




US 2016/0021783 Al

Jan. 21,2016 Sheet4 of 9

Patent Application Publication

¥ 34NSI4

9ty

¥
P R uu v e b e s N v N e e A v M b M 4 A e e E A M Y R N e % e % e Y e 4 e s e g [Ap—

..... !
I |
\ m i
ey 0EY'8CY e e e e e e )

81y

S

e o e e e e e

ey 91y

ovy



Patent Application Publication  Jan. 21, 2016 Sheet S of 9 US 2016/0021783 A1

/ 400
418

434
436

422

FIGURE S

416




US 2016/0021783 Al

Jan. 21,2016 Sheet 6 of 9

Patent Application Publication

9 3¥NOI4

879 gyg

._Id a\.IIIJQ.

759 kmvm\.vmm —
c£9 \v

AN

019

-l

1

- -
-

1
1
i
3
1
1
i
3
1
1
i
3
1
1
i
|
1
1
i
3
1
1
i
3
1
[T
i
3
1
1
i
3
1
1
i
|
1
1
i
3
1
1
i
3
1
1
i
3
4\:_\
i
e
=¥
i
i
[o.9]
Q
Xl

e

...... M---------u---------M----Hnmd----ﬁ--- 0o¥9
! i ! . =
1 . 1 ~ N lll
SR U 4 \ N
il m | _ .
e ot : “ 29 '
N I _ A 09
: 219
“
Y < 079
919
79



Patent Application Publication  Jan. 21, 2016 Sheet 7 of 9 US 2016/0021783 A1

/ 600
632

642

FIGURE 7

616




US 2016/0021783 Al

Jan. 21,2016 Sheet 8 of 9

Patent Application Publication

HATIOWINOD

SONd
AUVdS
01

T0O2

N .

8 3HNOI4

1
v“ 18
18 1 k
! /
i aND
//// " a33ds
i
a33dS
L diN3L
ors—"
diANd

" 440/NO
i
H
H
i 708
H
1
H
i
“ YIMOd
1



US 2016/0021783 Al

Jan. 21,2016 Sheet 9 of 9

Patent Application Publication

NOILLOV JAILIIHYHOD
LnNvd 135

NOILOV

/

016

006 \v

6 3dNSI
NO ANV XV =< 135 =< NO
NO 135> XVN > 135 =< NO
NO 138 =< NO
440 135> NO
dNNd  @33dS dWNd dW3L 110D ¥43IMOd

806 906 706

06



US 2016/0021783 Al

FAN COOLED IGNITION COIL METHOD
AND APPARATUS

TECHNICAL FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to an ignition sys-
tem for spark-ignited internal combustion engines, and more
particularly, to a system and method for cooling an ignition
coil.

BACKGROUND OF THE DISCLOSURE

[0002] Ignition systems used in spark-ignited internal com-
bustion engines are exposed to high temperatures. In particu-
lar, ignition coils are sometimes mounted to the engine’s
surface, exposing the ignition coil to increased operating
temperatures due to heat transfer from the engine to the igni-
tion coil.

[0003] Inaddition, high spark energy ignition systems have
become more necessary in order for spark-ignited internal
combustion engines to meet more stringent emission and fuel
economy requirements. As spark energy increases, the resis-
tive power loss in the ignition coil increases. This increase in
power loss may result in increased coil temperatures.

[0004] To reduce the effects of these higher operating and
environmental temperatures, ignition coil cooling is desirable
to improve longevity and performance of the ignition coil.

SUMMARY OF THE DISCLOSURE

[0005] Inone embodiment, the present disclosure provides
an ignition coil for a spark ignited internal combustion engine
which includes a coil body having an outer surface and inter-
nal windings coupled to a connector, a housing surrounding
the coil body, wherein the housing has an outer wall spaced
apart from the outer surface of the coil body thereby forming
a gap between the outer surface of the coil body and the outer
wall, and the outer wall includes an opening in flow commu-
nication with the gap. In one aspect of this embodiment, the
ignition coil further includes a temperature sensor supported
by the housing and coupled to the connector, the temperature
sensor generating a temperature signal indicating a tempera-
ture of the coil body. In another aspect of this embodiment,
the outer wall of the ignition coil includes a plurality of
openings. In another aspect of this embodiment, the ignition
coil includes a flange coupled to the housing, wherein the
flange has a plurality of openings for receiving fasteners to
couple the ignition coil to the engine. In another aspect of this
embodiment, the housing of the ignition coil is formed of
molded plastic. One variant of this aspect includes a fluid
pump which, in operation, forces fluid from outside the hous-
ing into an opening, through the gap and out another opening
to cool the coil body. In a variant to this variant, the pump is
supported by the housing. In another variant, the ignition coil
includes a speed sensor and coupled to the connector, the
speed sensor generates a speed signal indicating speed of
operation of the pump. In another variant, the pump of the
ignition coil is a fan having a plurality of rotatable blades
which, in operation, force air from outside the housing into an
opening, through the gap and out another opening to cool the
coil body. In another variant, the fan of the ignition coil is
molded into the housing. In another variant, the ignition coil
includes a first opening and second opening which are cen-
tered on a common axis which is perpendicular to a longitu-
dinal axis of the coil body.
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[0006] Inanother embodiment, the present disclosure pro-
vides a method of cooling a coil body of an ignition coil for a
spark ignited internal combustion engine which includes pro-
viding a housing having an outer wall spaced apart from the
coil body to form a gap between the coil body and the outer
wall, wherein the outer wall has a plurality of openings in flow
communication with the gap, providing a pump, comparing a
sensed temperature of the coil body to a threshold tempera-
ture, and activating the pump when the sensed temperature is
greater than the threshold temperature to force fluid from
outside the housing into the opening, through the gap, and out
an opening to cool the coil body. In one aspect of this embodi-
ment, the method includes deactivating the pump when the
sensed temperature is less than the threshold temperature. In
another aspect of this embodiment, the pump is supported by
a housing. In another aspect of this embodiment, the method
includes comparing a sensed operation speed of the pump to
a set point speed and generating a first fault signal when the
pump is activated and the sensed operation speed is less than
the set point speed. In a variant of this aspect, the method
includes generating a second fault signal when the pump is
activated, wherein the sensed operation speed is less than the
set point, and the sensed temperature exceeds a maximum
temperature.

[0007] Inanother embodiment, the present disclosure pro-
vides a fluid-cooled ignition coil for a spark ignited internal
combustion engine which includes a coil body, a housing
having an outer wall spaced apart from the coil body thereby
forming a gap around the coil body, wherein the outer wall
including a plurality of openings, both in flow communica-
tion with the gap, and a pump integrated into the housing
adjacent the air inlet to force fluid through the gap to cool the
coil body. In one aspect of this embodiment, the fluid-cooled
ignition coil includes a temperature sensor supported by the
housing that generates a temperature signal indicating a tem-
perature of the coil body. In another aspect of this embodi-
ment, the fluid-cooled ignition coil of claim 18, further com-
prising a speed sensor supported by the housing to generate a
speed signal indicating an operation speed of the fan. In
another aspect of this embodiment, the fluid-cooled ignition
coil includes a flange coupled to the housing, wherein the
flange has a plurality of openings for receiving fasteners to
couple the ignition coil to the engine. In another aspect of this
embodiment, the second opening of the fluid-cooled ignition
coil includes a plurality of vents. In another aspect of this
embodiment, the pump of the fluid -cooled ignition coil is
molded into the housing. In another aspect of this embodi-
ment, the pump of the fluid -cooled ignition coil is a fan. In
another aspect of this embodiment, a first opening and second
opening of the fluid-cooled ignition coil are centered on a
common axis which is perpendicular to a longitudinal axis of
the coil body. In another aspect of this embodiment, the
housing of the fluid-cooled ignition coil is formed of molded
plastic. In another aspect of this embodiment, a connector of
the fluid -cooled ignition coil includes a pair of power con-
ductors coupled to the coil body and the fan, a control con-
ductor coupled to the pump, a temperature conductor coupled
to a temperature sensor mounted in the housing to sense coil
body temperature, and a speed conductor coupled to a speed
sensor mounted in the housing to sense fan speed.

[0008] In another embodiment, the present disclosure pro-
vides a method of controlling operation of an ignition coil
which includes receiving a temperature signal from a tem-
perature sensor, wherein the temperature signal indicating a
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temperature of the ignition coil, receiving a speed signal from
a speed sensor, the speed sensor indicating the operation
speed of a pump that forces fluid to cool the ignition coil,
generating a control signal that activates a pump based on the
temperature signal, and generating a control signal that acti-
vates a fault condition based on the operation speed of the
pump. In one aspect of this embodiment, the method includes
comparing a sensed temperature of the ignition coil to a
threshold temperature and activating a pump when the sensed
temperature exceeds the threshold temperature. In another
aspect of this embodiment, the method includes comparing a
sensed temperature of the ignition coil to a threshold tem-
perature and deactivating a pump when the sensed tempera-
ture is less than the threshold temperature. In another aspect
of'this embodiment, the method includes comparing a sensed
operation speed of the pump to a set point speed and gener-
ating a first fault signal when the pump is activated and the
sensed operation speed is less than the set point speed. In
another aspect of this embodiment, the method includes gen-
erating a second fault signal when the pump is activated, the
sensed operation speed is less than the set point speed, and the
sensed temperature exceeds a maximum temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above-mentioned aspects of the present teach-
ings and the manner of obtaining them will become more
apparent and the teachings will be better understood by ref-
erence to the following description of the embodiments taken
in conjunction with the accompanying drawings, wherein:

[0010] FIG. 1 depicts a typical prior art ignition coil.
[0011] FIG. 2 is a side view of one embodiment of the
disclosure.

[0012] FIG. 3 is a cross-sectional view of the embodiment

of FIG. 2 taken along line A-A.

[0013] FIG. 4 is a side view of another embodiment of the
disclosure.
[0014] FIG. 5 is a cross-sectional view of the embodiment

of FIG. 4 taken along line A-A.

[0015] FIG. 6 is a side view of another embodiment of the
disclosure.
[0016] FIG. 7 is a cross-sectional view of the embodiment

of FIG. 6 taken along line A-A.

[0017] FIG. 8 is a schematic of an ignition coil control
system.
[0018] FIG. 9 is a summary of an ignition coil control

system logic.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0019] The embodiments of the present teachings
described below are not intended to be exhaustive or to limit
the teachings to the precise forms disclosed in the following
detailed description. Rather, the embodiments are chosen and
described so that others skilled in the art may appreciate and
understand the principles and practices of the present teach-
ings.

[0020] As shown generally in FIG. 1, a prior art ignition
coil 10 generally includes an input connector 12, abody 14, a
mounting flange 16, fastener locations 18, 20, and an output
connector 22. As is further explained below with reference to
FIG. 2, connector 12 receives low voltage from an electric
power source and transforms the low voltage into high output
voltage delivered to a spark plug through connector 22 in
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order to create a spark to ignite fuel in an internal combustion
engine. Coil 10 can be mounted to the engine with fasteners
placed through fastener locations 18, 20 or mounted external
to the engine.

[0021] Referring now to FIGS. 2 and 3, one embodiment of
the disclosed ignition coil 200 generally includes a coil body
202, having an outer surface 204, and internal windings (not
shown), coupled to a connector 208, and a housing 210 sur-
rounding coil body 202. Housing 210 includes an outer wall
212, a portion of which is spaced apart from outer surface 204
of coil body 202 to form a gap 214 between outer surface 204
and outer wall 212. Outer wall 212 includes an opening 216 in
flow communication with gap 214. In this embodiment, coil
body 202 is cooled by fluid flow through gap 214 across outer
surface 204 of coil body 202 through natural convection heat
transfer. Ignition coil 200 also includes a flange 218 which
has openings 220, 222 for the purpose of receiving fasteners
to couple ignition coil 200 to the engine or other location.
Housing 210 could be plastic, aluminum, steel, or a compos-
ite material. Ignition coil 200 also includes an output connec-
tor 224 which connects to the spark plug (either directly or
through a high voltage extension). While coil 200 and other
embodiments described below are depicted as flange mount
coils, it should be understood that the principles of the present
disclosure are equally applicable to other coil configurations
such as bracket mount coils.

[0022] As shown best in FIG. 3 and indicated by arrows
300, 302, fluid enters and exits through opening 216 and
passes through and around coil body 202 through gap 214
formed between coil body 202 and outer wall 212 of coil
housing 210.

[0023] FIGS. 4 and 5 depict another embodiment of an
ignition coil according to the disclosure. Ignition coil 400
generally includes, a coil body 402, having an outer surface
404, and internal windings (not shown), coupled to a connec-
tor 408, and a housing 410 surrounding coil body 402. Hous-
ing 410 includes an outer wall 412 spaced apart from outer
surface 404 of coil body 402 which forms a gap 414 between
outer surface 404 and outer wall 412. Outer wall 412 includes
a first opening 416 in flow communication with gap 414 and
a second opening 422 in fluid communication with gap 414.
In this embodiment, coil body 402 is cooled through fluid
flow through gap 414 across outer surface 404 of coil body
402. Fluid, as indicated by arrows 434, 436, may enter open-
ing 416 and exit through opening 422. In an exemplary
embodiment, first opening 416 and second opening 422 are
centered on a common axis 438 which is perpendicular to a
longitudinal axis 440 of coil body 402. It should be under-
stood that axis 438 (and therefore openings 416, 422) may be
located at any desired location along the length of coil body
402, and in one embodiment is located in alignment with the
portion of the coil windings that generates the most heat. In
this embodiment, coil body 402 is cooled by fluid flow
through gap 414 across the outer surface of coil body 404
either through natural convection heat transfer or by forcing
fluid flow through gap 414 through the use of a pump (not
shown) mounted separately from coil 400. Ignition coil 400
also includes a flange 418 coupled to housing 410 which has
openings 428, 430 for the purpose of receiving fasteners to
couple ignition coil 400 to the engine or other location. Igni-
tion coil 400 also includes an output connector 432 which
connects to the spark plug (either directly or through a high
voltage extension).
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[0024] As best shown in FIG. 5, fluid (indicated by arrow
434) enters through opening 416, passes around coil body
402, through gap 414 formed between outer surface 404 and
outer wall 412, and exits through opening 422 as indicated by
arrow 436.

[0025] FIGS. 6 and 7 depict yet another embodiment of an
ignition coil according to the disclosure. Ignition coil 600
generally includes, a coil body 602, having an outer surface
604, and internal windings (not shown), coupled to a connec-
tor 608, and a housing 610 surrounding coil body 602. Hous-
ing 610 includes an outer wall 612 spaced apart from outer
surface 604 of coil body 602 which forms a gap 614 between
outer surface 604 and outer wall 612. Outer wall 612 includes
a first inlet opening 616 in flow communication with gap 614
and a plurality of outlet openings 646, 648, 650, 651 in fluid
communication with gap 614. In this embodiment, coil body
602 is cooled through fluid flow through gap 614 across outer
surface 604 of coil body 602. Fluid, as indicated by arrows
642, 644, enters through opening 616 and exits through open-
ings 646, 648, 650, 651. First opening 616 is centered on a
common axis 638 which is perpendicular to a longitudinal
axis 640 of coil body 602. As indicated above with reference
to FIG. 4, axis 638 may be located in alignment with the
portion of the coil windings that generates the most heat. In
any of the disclosed embodiments, fluid may be air, engine
coolant, fuel, engine oil, or other suitable fluid.

[0026] In this embodiment, coil body 602 is cooled by
forcing fluid through gap 614 across the outer surface of coil
body 604 using a pump 620. Pump 620 is supported by
housing 610. Pump 620 may be a fan which forces air around
coil body 602 but also may be a pump or turbine. This
embodiment further employs a temperature sensor 624 to
generate a temperature signal indicating the temperature of
coil body 602. Signals from sensor 624 may be routed
through connector 608 or through a different connector to
separate high voltage signals from low voltage signals. Tem-
perature sensor 624 may be a thermocouple, a resistive tem-
perature device, an infrared device, a bi-metallic device, a
silicon diode device, or other suitable sensor. While tempera-
ture sensor 624 is shown in contact with coil body 602,
temperature sensor 624 may be mounted in other locations to
detect temperatures that indicated the temperature of coil
body 602. Additionally in this embodiment, a speed sensor
630 monitors the operation speed of pump 620. Speed sensor
630 may be of a type that is variable reluctance based, Hall
Effect based, Eddy current based, mechanical, optical, laser,
or other suitable type. Ignition coil 600 also includes a flange
632 which has openings 634, 636 for the purpose of receiving
fasteners to couple ignition coil 600 to the engine or other
location. Ignition coil 600 also includes an output connector
652 which connects to the spark plug.

[0027] As best shown in FIG. 7 pump 620 forces fluid, as
indicated by arrows 642, 644, through opening 616, around
coil body 602, through gap 614, and out openings 646, 648,
650, 651.

[0028] FIG. 8 depicts a schematic of anignition coil control
system 800. System 800 generally includes an ignition coil
802, a pump 804, a power source (not shown), an ignition
controller 808, a temperature sensor 810, and a pump speed
sensor 812. Ignition coil 802, pump 804, temperature sensor
810, pump speed sensor 812, an electrical connector 814, and
a spark plug connector 816 are all part of a coil assembly 806.
As indicated above, coil assembly 806 may include two or
more connectors (instead of only connector 814) to separate
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high voltage signals from low voltage signals. System 800
uses connector 814 to connect the sensed signals from tem-
perature sensor 810 and pump speed sensor 812 to controller
808 and power to pump 804. System 800 uses connector 814
to connect signals and power from controller 818 to ignition
coil 802, and distributes electric energy to the spark plug via
connector 816.

[0029] Referring now to FIG. 9, control logic 900 for a
disclosed ignition coil control system such as system 800 of
FIG. 8 is shown. Control logic 900 generally includes an
electric power source status column 902, a sensed coil tem-
perature column 904, a sensed pump speed column 906, a
pump operation status column 908, and an action column
910. As indicated by the first line of logic 900, when the coil
temperature signal received is below a threshold temperature,
the pump is oftf and not pumping fluid. The second line shows
that when the coil temperature reaches or exceeds a threshold
temperature, the computer controller activates the pump to
pump fluid. As indicated by the third line, when the coil
temperature reaches or exceeds a threshold temperature but is
less than a maximum temperature, and the pump speed is less
than a threshold speed, the computer controller records a first
level fault condition. Finally, the fourth line shows that when
the coil temperature reaches or exceeds a threshold tempera-
ture and is equal to or greater than a maximum temperature, at
any pump speed, controller 808 records a second level fault
condition. Corrective actions can be assigned to the fault
conditions based on the severity of the fault to the operation of
the engine and/or process. As an example, a first level fault
may only require operator awareness, inspection and moni-
toring. A second level fault may require the operator to shut
the engine down and investigate the condition of the cooling
pump and cooling system. The actual corrective actions can
be tailored within the controller logic to the actual application
based on the severity a fault has to the engine and/or process.
[0030] While exemplary embodiments incorporating the
principles of the present teachings have been disclosed here-
inabove, the present teachings are not limited to the disclosed
embodiments. Instead, this application is intended to cover
any variations, uses, or adaptations of the disclosed general
principles. Further, this application is intended to cover such
departures from the present disclosure as come within known
or customary practice in the art to which this application
pertains and which fall within the limits of the appended
claims.

What is claimed is:

1. An ignition coil for a spark ignited internal combustion
engine, comprising:

a coil body having an outer surface and internal windings;

a housing surrounding the coil body, the housing having an

outer wall spaced apart from the outer surface of the coil
body thereby forming a gap between the outer surface of
the coil body and the outer wall, the outer wall including
an opening in flow communication with the gap.

2. The ignition coil of claim 1, further comprising a tem-
perature sensor supported by the housing and coupled to a
connector, the temperature sensor generating a temperature
signal indicating a temperature of the coil body.

3. The ignition coil of claim 1, further comprising a speed
sensor coupled to a connector, the speed sensor generating a
speed signal indicating speed of operation of the pump.

4. The ignition coil of claim 1, wherein the outer wall
includes a plurality of openings.
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5. The ignition coil of claim 4, wherein a first opening and
second opening are centered on a common axis which is
perpendicular to a longitudinal axis of the coil body.

6. The ignition coil of claim 1, further comprising a fluid
pump which, in operation, forces fluid from outside the hous-
ing into an opening, through the gap and out another opening
to cool the coil body.

7. The ignition coil of claim 6, wherein the pump is sup-
ported by the housing.

8. The ignition coil of claim 6, wherein the pump is a fan
having a plurality of rotatable blades which, in operation,
force air from outside the housing into an opening, through
the gap and out another opening to cool the coil body.

9. The ignition coil of claim 8, wherein the fan is molded
into the housing.

10. The ignition coil of claim 1, further comprising a flange
coupled to the housing, the flange having a plurality of open-
ings for receiving fasteners to couple the ignition coil to the
engine.

11. The ignition coil of claim 1, wherein the housing is
formed of molded plastic.

12. A method of cooling a coil body of an ignition coil for
a spark ignited internal combustion engine, comprising:

providing a housing having an outer wall spaced apart from
the coil body to form a gap between the coil body and the
outer wall, the outer wall having a plurality of openings
in flow communication with the gap;

providing a pump;

comparing a sensed temperature of the coil body to a
threshold temperature; and

activating the pump when the sensed temperature is greater
than the threshold temperature to force fluid from out-
side the housing into a first opening, through the gap, and
out a second opening to cool the coil body.

13. The method of claim 12, further comprising:

deactivating the pump when the sensed temperature is less
than the threshold temperature

14. The method of claim 12, wherein the pump is supported
by a housing.

15. The method of claim 12, further comprising:

comparing a sensed operation speed of the pump to a set
point speed; and

generating a first fault signal when the pump is activated
and the sensed operation speed is less than the set point
speed.

16. The method of claim 15, further comprising:

generating a second fault signal when the pump is acti-
vated, the sensed operation speed is less than the set
point, and the sensed temperature exceeds a maximum
temperature.

17. A fluid-cooled ignition coil for a spark ignited internal

combustion engine, comprising:

a coil body;

a housing having an outer wall spaced apart from the coil
body thereby forming a gap around the coil body, the
outer wall including a plurality of openings in flow com-
munication with the gap; and

a pump integrated into the housing adjacent one of the
plurality of openings to force fluid through the gap to
cool the coil body.

18. The fluid-cooled ignition coil of claim 17, further com-
prising a temperature sensor supported by the housing to
generate a temperature signal indicating a temperature of the
coil body.
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19. The fluid-cooled ignition coil of claim 17, further com-
prising a speed sensor supported by the housing to generate a
speed signal indicating an operation speed of the pump.

20. The fluid-cooled ignition coil of claim 17, further com-
prising a flange coupled to the housing, the flange having a
plurality of openings for receiving fasteners to couple the
ignition coil to the engine.

21. The fluid-cooled ignition coil of claim 17, further com-
prising a second opening including a plurality of vents to
permit the fluid forced through the gap to exit the gap.

22. The fluid-cooled ignition coil of claim 17, wherein the
pump is molded into the housing.

23. The fluid-cooled ignition coil of claim 17, wherein the
pump is a fan.

24. The fluid-cooled ignition coil of claim 17, wherein the
one opening and another opening of the plurality of openings
are centered on a common axis which is perpendicular to a
longitudinal axis of the coil body.

25. The fluid-cooled ignition coil of claim 17, wherein the
housing is formed of molded plastic.

26. The fluid-cooled ignition coil of claim 17, further com-
prising a connector including a pair of power conductors
coupled to the coil body and the pump, a control conductor
coupled to the pump, a temperature conductor coupled to a
temperature sensor mounted in the housing to sense coil body
temperature, and a speed conductor coupled to a speed sensor
mounted in the housing to sense pump speed.

27. A method of controlling operation of an ignition coil,
comprising:

receiving a temperature signal from a temperature sensor,

the temperature signal indicating a temperature of the
ignition coil,

receiving a speed signal from a speed sensor, the speed

sensor indicating an operation speed of a pump that
provides fluid to cool the ignition coil,

generating a first control signal that activates the pump

based on the temperature signal; and

generating a second control signal that activates a fault

condition based on the operation speed of the pump.

28. The method of claim 27, further comprising:

comparing the temperature signal to a threshold tempera-

ture; and

activating the pump when the temperature signal exceeds a

threshold temperature.

29. The method of claim 27, further comprising:

comparing the temperature signal to a threshold tempera-

ture; and

deactivating a pump when the temperature signal is less

than the threshold temperature.

30. The method of claim 27, further comprising:

comparing the speed signal to a set point speed; and

generating the second control signal when the pump is
activated and the speed signal is less than a set point
speed.

31. The method of claim 30, further comprising:

generating a second fault signal when the pump is acti-
vated, the speed signal is less than the set point speed,
and the temperature signal is greater than a maximum
temperature.



