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(57) Abréegée/Abstract:

An apparatus includes a power supply for supplying power to an ignition coll to generate a spark across a spark plug. A capture
circuit captures an energy signal reflected from the ignition coll in response to the spark generation. A comparator circuit compares
the captured energy signal to a predetermined signal. The ignition coll includes a first winding In electrical communication with the
power supply and a second winding In electrical communication with the spark plug and, thus, the energy signal is reflected from
the first winding of the ignition coll in response to the spark generation. The predetermined signal represents one of a distinct group
of reflected energy signals which indicate various defects in the ignition coll or spark plug. Preferably, the comparator circuit
generates an output In response to a match between the captured energy signal and the predetermined signal to indicate a
defective ignition coll or spark plug. A method includes the steps of: supplying power to an ignition coll to generate a spark across a
spark plug; capturing an energy signal reflected from the ignition coll in response to the spark generation; and comparing the
captured energy signal to a predetermined signal. Preferably, the method further includes the step of generating an output In
response to a match between the captured energy signal and the predetermined signal to indicate a defective ignition coll or spark

plug.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




’ CA

PCT

02323104 2000-09-05

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 0 :
GO1L

(21) International Application Number:

(22) International Filing Date: 30 March 1999 (30.03.99)
(30) Priority Data:
60/080,221 31 March 1998 (31.03.98) US
Not fumished 29 March 1999 (29.03.99) US

(71) Applicant: PROGRESSIVE TOOL & INDUSTRIES COM-
PANY [US/US]; 21000 Telegraph Road, Southfield, MI
48034 (US).

(72) Inventor: KRAVIS, Steven, F.; 30117 Greening, Farmington
Hills, MI 48334 (US).

(74) Agents: BASILE, Andrew, R. et al; Young & Basile,
P.C., Suite 624, 3001~ West Big Beaver Road, Troy, Ml
480843107 (US).

(11) International Publication Number:

(43) International Publication Date:

WO 99/50631

7 October 1999 (07.10.99)

PCT/US99/06887 | (81) Designated States: CA, DE, ES, GB, JP, MX, European patent

(AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE).

Published
Without international search report and 1o be republished
upon receipt of that report.

(54) Title: APPARATUS AND METHOD FOR TESTING AN IGNITION COIL. AND SPARK PLUG

(§87) Abstract

An apparatus includes a power supply for
supplying power to an ignition coil to generate a
spark across a spark plug. A capture circuit cap-
tures an energy signal reflected from the ignition
coil in response to the spark generation. A com-
parator circuit compares the captured energy signal
to a predetermined signal. The ignition coil includes
a first winding in electrical communication with the
power supply and a second winding in eclectrical
communication with the spark plug and, thus, the
energy signal is reflected from the first winding of
the ignition coil in response to the spark genera-
tion. The predetermined signal represents one of a
distinct group of reflected energy signals which in-
dicate various defects in the ignition coil or spark
plug. Preferably, the comparator circuit generates
an output in response to a match between the cap-
tured energy signal and the predetermined signal to
indicate a defective ignition coil or spark plug. A
method includes the steps of: supplying power to an
ignition coil to generate a spark across a spark plug;
capturing an energy signal reflected from the igni-
tion coil in response to the spark generation; and
comparing the captured energy signal to a prede-
termined signal. Preferably, the method further in-
cludes the step of generating an output in response
to a match between the captured energy signal and
the predetermined signal to indicate a defective ig-
nition coil or spark plug.
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APPARATUS AND METHOD FOR TESTING

AN IGNITION COIL AND SPARK PLUG

FIELD OF THE INVENTION

R aammmans o an o0 PP — A e ——— bl

The subject invention relates to an apparatus and
method for testing an ignition coll and a spark plug and,

more particularly, Lo an apparatus and method capable of

identifying defects in an ignition coil and a spark plug
connected in a “coil on plug” design.

BACKGROUND OF THE INVENTION

———dAEAEER A e s s 2 ]

Most conventional spark-ignition engines include a
single ignition coil wired to several spark plugs for
initiating fuel combustion in each engine cvylinder. To
ensure guality, these engines are typically cold motor
tested for defects prior to shipment to a vehilicle assembly
plant. During the cold motor testing, each engine 1s
mechanically cranked by an external testing mechanism

through at least one complete engine cycle. Thus, there 1is

no combustion of fuel during the cold motor testing.

To defect ignition colil and spark plug defects,

conventional engine testing methods have monitored an

electrical signal transmitted from a secondary side of the
ignition coil to each spark plug during each spark
generation. However, the recent development of a new
ignition coil and spark plug packaging arrangement,
commonly referred to as a “coil on plug” design, has
rendered such prior art testing methods obsolete.

Unlike conventional designs, the “coil on plug”

arrangement provides one 1l1gnition coll and one spark plug

for each engine cylinder. The “coil on plug” design
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additionally includes a boot or sleeve which extends from
the secondary side of the ignition coil to the middle of
the spark plug. Thus, the boot insulates the entire
length of an electrical transmission wire connected
between the ignition coll and the spark plug. As a
result, access to the aforementioned electrical signal 1is
not available in the "coil on plug" design. Accordingly,
it would be desirable to provide an apparatus and method
for testing an ignition coil and a spark plug connected
in a "coil on plug" design.

SUMMARY OF THE INVENTION

~ In a disclosed embodiment of this invention, an
apparatus tests an ignition coil and a spark plug for
defects. The apparatus includes a power supply for
supplying power to the ignition coil to generate a spark
across the spark plug. A capture circult captures an
energy signal reflected from the ignition coil 1in
response to the spark generation. A comparator circuit

compares the captured energy signal to a predetermined

signal.
The ignition coil includes a first winding 1n

electrical communication with the power supply and a
second winding in electrical communication with the spark
plug. Accordingly, the energy signal 1is reflected from
the first winding of the ignition coil in response to the
spark generation.

The predetermined signal represents one of a
group of distinct reflected energy signals which 1indicate
various defects 1n an i1gnition coll or spark plug. In a
preferred embodiment, the comparator circuit generates an
output in response to a match between the captured energy
signal and the predetermined signal to indicate a
defective ignition coil or spark plug.

The present invention also provi&és a method
for testing an ignition coil and a spark plug for
defects. The method includes the steps of: supplying

power to the ignition coil to generate a spark across the
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spark plug; capturing an energy signal reflected from the

ignition coil 1in response to the spark generation; and

comparing the captured energy signal to a predetermined

signal. Preferably, the method further includes the step
of generating an output 1n response to a match between the
captured energy signal and the predetermined signal to
indicate a defective 1gnition coll or spark plug.

The present invention provides an apparatus and method

capable of testing an ignition coil and a spark plug

connected in a “coill on plug” design for various types of
defects. The present invention 1s also capable of

disclosing which specific type of defect was detected.

According to an aspect of the 1nvention, there 1is

provided an apparatus for testing at least one ignition

coll and at least one spark plug 1n a spark-ignition engine

where said engine has one of a single ignition coil with a

P
o

plurality of connected spark plugs and a plurality of

ignition coils with a single spark plug per colil, the
apparatus comprising:

a power supply for supplying power to each ignition

coll to generate a spark across each assoclated spark plug;
at least one capture circuilt for capturing an energy
signal reflected from each ignition coil in response to

sald spark generation, each capture circuit positioned

between the power supply and each ignition coil for a
prarticular englne to be tested; and

a comparator circult for comparing said captured energy

'signal to a predetermined signal.

F

According to an aspect of the i1nvention, there is

provided an apparatus for testing an ignition coil
connected to a spark plug, comprising:
a power supply for supplying power to the ignition

coll to generate a spark across the spark plug;
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3a

a capture circulit for capturing an energy signal

reflected from the ignition coil in response to said spark

generatlon; and

a comparator circuit for comparing said captured

energy signal to a predetermined signal, wherein an output

-

of the comparator circuilt i1dentifies one of a spark plug

having a cracked insulator, a spark plug having an

electrode spacing about equal to or less than 0.050 inches,

a spark plug having an electrically shorted pair of
electrodes, an electrically open spark plug, and an

electrically open ignition coil.

According to an aspect of the invention, there 1s

provided an apparatus for testing an ignition coil
connected to a spark plug wherein the ignition coil and the
spark plug are 1nstalled in an engine having a separate
ignition coil and spark plug for each engine cylinder, the
apparatus comprlsing:

a power supply for supplying power to the ignition
coll to generate a spark across the spark plug;

a capture circuit for capturing an enerdgy signal

reflected from the ignition coil in response to said spark

generation; and

a comparator circuit for comparing sald captured

energy signal to a predetermined signal; and wherein the

engine includes a plurality of cylinders each having a

separate coil and spark plug and wherein said power supply

includes an ignition system circult for supplying power to
each ignition coil in a predetermined cycle and whereiln a

separate supply voltage wire is routed between said power

supply and each ignition coil and wherein said
predetermined signal represents a reflected energy signal
produced by an ignition coil connected to a power supply

with a mlisrouted supply voltage wire.
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According to an aspect of the invention, there is

provided an apparatus for testing an ignition coil
connected to a spark plug wherein an insulation boot
assembly including a contact spring is connected between
the 1gnition coil and the spark plug, the apparatus
comprlsing:

a power supply for supplying power to the ignition
coll to generate a spark across the spark plug;

a capture circuit for capturing an energy signal
reflected from the ignition coilil in response to said spark

generation; and

a comparator circult for comparing said captured

energy signal to a predetermined signal, said predetermined
signal representing a reflected energy signal produced by
an i1gnition coll connected to a spark plug with an
insulation boot assembly having an electrically open
contact spring,

According to an aspect of the invention, there is

pr—

provided an apparatus for testing a set of ignition coils

and spark plugs installed in a spark—-ignition engine, each

ignition coil having first and second windings, the second
winding 1n electrical communication with each associated
spark plug, the apparatus comprising:

g
pr—

a power supply connectable to the first winding of

each ignition coil for supplying power in a predetermined
cycle to the first winding of each ignition coil to
generate a spark across each spark plug;

a signal isolation and conditioning circuit for

capturing and conditioning each analog voltage waveform
signal reflected from only the first winding of each

lgnition coil 1n response to each spark generation;

a digital scope circuit for digitizing each of said

captured analog voltage waveform signals; and
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e

a central processor for comparing each of said digital

signals to a plurality of predetermined signals to detect

one of a defective ignition coil and a defective spark

plug.

According to an aspect of the invention, there 1s

provided a method for testing an ignition coll connected to
a spark plug, the ignition coil having first and second

windings, the second winding in electrical communication

with the spark plug defining a secondary side circult, the
method comprising the steps of:

supplying power to the first winding of ignition coill
defining a primary side circuit to generate a spark across

the spark plug;

capturing an energy signal reflected from only the

first winding of the ignition coll 1n response to the spark
generation; and

comparing the captured energy signal to a
predetermined signal to detect a defect in the secondary
side circult.

According to an aspect of the invention, there 1is

provided a method for testing an ignition coll connected to
a spark plug, comprising the steps of:

supplying power to the i1ignition coll to generate a
spark across the spark plug, wherein an ilnsulation boot
assembly including a contact spring 1s connected between
the ignition coil and the spark plug:;

capturing an energy signal reflected from the i1gnition
coll 1n response to the spark generation; and

comparing the captured energy signal to a

predetermined signal representing a reflected energy signal
produced by an ignition coll connected to a spark plug with
an ilnsulation boot assembly having an electrically open

contact spring.
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3d

According to an aspect of the invention, there is

provided a method for testing an ignition colil connected to
a spark plug wherein the i1gnition coil and the spark plug
are installed in an engine having a plurality of cylinders,
cach cylinder having a separate ignition coil and spark

plug, comprising the steps of:

supplying power to the ignition coll to generate a
spark across the spark plug, whereln a separate supply
voltage wire 1s routed between a power supply and the
separate ignition colil of each cylinder;

capturing an energy signal reflected from the 1gnition
coll 1n response to the spark generation; and

comparing the captured energy signal to a
predetermined signal representing a reflected energy signal
produced by an ignition coilil connected to a power supply

with a misrouted supply voltage wire.

According to an aspect of the invention, there 1is
provided an engine assembly line, an apparatus for cold
motor testing an engine having at least one ignition coil
and at least one spark plug, the ilmprovement comprilising:

a power supply for supplyling power to the ignition
colil to generate a spark across the spark plug;

at least one capture circult positioned between the
power supply and each ignition coil for capturing an energy
signal reflected from the i1gnition coill in response to said
spark generation; and

a comparator circuit for comparing said captured

energy signal to a predetermined signal.

P

Acceording to an aspect of the invention, there 1is

provided an apparatus for testing an ignition coil
connected to a spark plug, the i1ignition coil having first
and second windings, the second winding in electrical

communication with the spark plug defining a secondary side
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circult, the apparatus comprlsing:

a power supply connectable~to the first winding of the
ignition coil defining a primary side circuit for supplying
power to the first winding to generate a spark across the
spark plug;

a capture circuit for capturing an energy signal
reflected from the first winding of the ignition coil 1in

response to saild spark generation; and

a comparator circuit for comparing said captured
energy signal to a predetermined signal and generatling an
output in response to a match between said captured energy
signal and said predetermined signal i1ndicating a defect 1in
the secondary side circult.

According to an aspect of the invention, there 1is
provided an apparatus for testing an ignition coill
connected to a spark plug, the improvement comprising:

a power supply for supplying power to the ignition
coll to generate a spark across the spark plug wherein the
ignition coil and the spark are installed 1n an engine
having a separate ignition coil and spark plug for each

engilne cylinder;

a capture circuit for capturing an energy signal
reflected from the ignition coil in response to sald spark
generation; and

a comparator circuit for comparing said captured
energy signal to a predetermined signal,

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention will be

readily appreciated as the same becomes better understood

3

by reference to the following detailed description when

considered in connection with the accompanyling drawlngs

whereilin:



10

15

CA 02323104 2005-04-06

Figure 1 is a cross-sectional view of an ignition
coil, an insulation boot assembly, and a spark plug

connected in a “coll on plug” design;

Figure 2 1s an electrical schematic diagram of an

apparatus, 1n accordance with the present invention,
connected to an engine having at least one ignition coll
and spark plug installed in a “coil on plug” design;
Figure 3A 1s a graph illustrating a reflected energy
signal produced by a properly wired, non-defective "“coil on

plug” assembly;

Figure 3B 1s a graph illustrating a reflected energy
signal produced by an insulated coot assembly having an
electrically open contact spring;

Figure 3D is a graph illustrating a reflected energy

signal produced by a spark plug having a cracked insulator;
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Figure 3E is a graph illustrating a reflected
energy signal produced by a spark plug having a
electrically shorted pair of electrodes;

Figure 3F is a graph illustrating a reflected

energy signal produced by a spark plug having an
electrode gap approximately equal to or less than . 050
inches;

Figure 3G is a graph illustrating a reflected
energy signal produced by an electrically open spark
plug; and

Figure 3H is a graph illustrating a reflected

energy signal produced by an ignition coil connected to a

‘misrouted supply voltage wire.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the Figures, wherein like

numerals indicate like or corresponding parts throughout
the several views, Figure 1 shows a cross-sectilonal view
of an ignition coil 10, an insulation boot assembly 12,
and a spark plug 14 connected in an arrangement commonly
referred to as a "coil on plug" design. The term "co1il
on plug" describes a design in which one ignition coil
and one spark plug are provided for each cylinder of a
spark-ignition engine. When assembled, the ignition coil
10, the insulation boot assembly 12, and the spark plug

14 form a "coil on plug" assembly 15.
The ignition coil 10 functions as both an

energy-storage device and a transformer. The ignition
coil 10 includes a first electrical winding 16 and a
second electrical winding 18 disposed within a housing
20. In Figure 1, the cross-sectional view of the
ignition coil 10 reveals the first and second windings 16
and 18 within the housing 20. The first winding 16 is 1n
electrical communication with a low-voltage terminal 22.
The low-voltage terminal 22 is adapted to .receive power
from a remote power supply. The second winding 18 is 1in
electrical communication, via the insulation boot
assembly 12, with the spark plug 14. The ignition coil
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10 is adapted to receive a supply voltage from the remote
power supply, +ransform the supply voltage to a higher
ignition voltage, and transmit the ignition voltage to
the spark plug 14 at a predeternined time. The ignition

insulation boot assembly 12 includes a transmission wire
54 and a contact spring 26 disposed within an insulation
<leeve 28. In Figure 1, the cross-sectional view the
insulation boot assembly 12 reveals the transmission wire
24 and the contact spring 26 surrounded by the insulation
sleeve 28. Typically, the insulation sleeve 28 is made
from a flexible rubber material. When the insulation
boot assembly 12 is properly inserted onto the spark plug
14, the contact spring 26 compresses to provide an '
electrical connection between the transmission wire 24
and the spark plug 14 and the insulation sleeve 28 COVers
an upper body portion 30 of the spark plug 14.

The upper body portion 30 of the spark plug 14
is commonly referred to as the insulator. A lower body
portion 32 of the spark plug 14 1is commonly referred to
2s the shell. Typically, the insulator 30 is made from a
ceramic material and the shell 32 is made from a metal
material. A high voltage connector 34 is disposed at the
distal end of the insulator 30. A pair of spaced
electrodes 36 and 38 are disposed at the opposing end of
the spark plug 14. The high voltage connector 34 1S
shaped to form an electrical connection with the contact
spring 26 within the insulation boot assembly 12. The
electrodes 36 and 38 are specifically gaped or spaced SO
as to produce an electrical arc when the ignition voltage
is supplied to the spark plug 14. it

Figure 2 is an electrical schematic diagram of
an apparatus 50, in accordance with the present

invention, connected to an engine 52 having at least one
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ignition coil 10 and spark plug 14 installed in a “coll on
plug” design. The apparatus 50 1s designed primarily to
test for defects 1n a “coll on plug” assembly. Further, the

present invention 1is sulted to detect such defects 1in an

engine having a separate ignition coil, insulation boot
assembly, and spark plug for each cylinder. Accordingly,
the éngine 52 partially 1llustrated 1in Flgure 2 has a
separate ignition coil 10, insulation boot assembly 12, and
spark plug 14 for each cylinder.

The apparatus 50 i1ncludes a pOwer supply 54 for
supplying power to the ignition coil 10 to generate a spark

across the spark plug 14. A capture circuilt 506 captures an

energy signal reflected from the ignition coil 10 1n
response to the spark generation. A comparator circult 58
compares the captured energy signal to a predetermined
signal. Preferably, the comparator circuit 38 alsoc
generates an output in response to a match between the
captured energy signal and the predetermined signal.

As shown in Figure 2, the first winding 16 of the
ignition coil 10 is in electrical communilication, via a
supply voltage wire 59, with the power supply 54 and the

F

second winding 18 of the ignition coil 10 1s in electrical

communiéation, via the insulation boot assembly 12, with
the spark plug 14. Accordingly, the energy signal 1s
reflected from the first winding 16 of the ignition coil 10

in response to the spark generation. Preferably, the

reflected energy signal 1s a voltage waveform signal. As

illustrated in Figure 2, each i1gnition coil 10 within the

engine 52 is electrically connected to the power supply 54

via a separate supply voltage wire 59. In this manner, the
power supply 54 1s capable of supplying power to each
ignition coil 10 within the engine 52 1in a predetermined

cycle.
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The predetermined signal may be selected from one of a

”

distinct group of reflected energy signals that indicate a

defective ignition colil, a defective insulation boot

assempbly, a defective spark plug, or a misrouted supply
voltage wire. Specifically, the predetermined signal may
be selected to identify the following defects: an
electrically open ignition coll; an 1insulation boot
assembly having an electrically open contact spring; a

spark plug having a cracked insulator; a spark plug having

an electrically shorted pair of electrodes; a spark plug
having an electrode gap approximately equal to or less than
.050 inches; an electrically open spark plug; and an
ignition colil connected to a misroutea supply voltage wire.

A misrouted supply voltage wire includes a palr of ignition

coils connected to a pailr of crossed or swapped supply
voltage wires. Alternatively, the predetermined signal may

be selected to represent a reflected energy signal produced

by a properly wired, non—defective “coll on plug” assembly.

Figure 3A 1s a graph illustrating a reflected enerqgy

signal produced by a properly wired, non—defective “coil on

plug” assembly generally indicated by 70. Figure 3B 1s a
graph illustrating a reflected energy signal produced by an
electrically open ignition coil generally indicated by 72.
Figure 3C 1is a graph illustrating a reflected energy signal
produced by an insulation boot assembly having an
electrically open contact spring generally indicated by 74.
Figure 3D is a graph illustrating a reflected energy signal
produced by a spark plug having a cracked insulator

generally indicated by 76. Figure 3E 1s a graph

illustrating a reflected energy signal produced by a spark

F

plug having an electrically shorted palr of

electrodes
generally indicated by 78. Flgure 3F 1s a graph

illustrating a reflected energy signal produced by a spark
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plug having an electrode gap approximately equal to or less

than .050 inches generally indicated by 80. Figure 3G is a

graph 1llustrating a reflected energy signal produced by an

electrically open spark plug generally indicated by 82.

Figure 3H is a graph 1llustrating a reflected energy
signal produced by an ignition coil connected to a

misrouted supply voltage wire generally indilcated by 84.

In a preferred embodiment, the power supply 54
includes an ignition system circuit 60 for supplying power
to each ignition coil 10 in the engine 52 in a

predetermined cycle. Typically, the predetermined cycle 1s

set to replicate the spark plug timing and firing seguence
specifically designed for the engine to be tested.

The capture circuit 56 includes a signal isolation and
conditioning circuit 62 and a digital scope board o04. The

signal isolation and conditioning circult 62 performs

several functions. During the test procedure, the signal
circuit 62 captures an analog voltage signal reflected from

the first winding 16 of one of the ignition coils 10 and

identifies from which specific ignition coil 10 the signal
was reflected. The signal circuit 62 conditions the
captured analog voltage signal by transforming the captured

signal from a 0-350 volt peak to peak signal to a 0-10 volt

peak to peak signal. After the captured signal 1s
conditioned, the signal circuit 62 transmits the
conditioned 0-10 volt signal to the digital scope board 64.

As an additional feature, the signal circult 62 i1solates

the initial 0-350 volt signal from the digital scope board

64 and, thereby, provides a protection against a short to

ground condition. A device which meets the functional
requirements of the signal isolation and conditioning

circuit 62 as described above is manufactured by Freese

Enterprises Incorporated, located in Plymocuth, Michigan,
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identified as “FEI Signal Isolation and Commutation MODEL”.
The digital scope board 64 receives the conditioned
analog voltage signal from the signal circuit 62, converts
the analog signal to a digital voltage waveform signal, and
transmits the digital waveform signal to the comparator

circuit 58. To receive or capture the entire analog voltage

signal from the signal circuit 62, the digital scope board

64 samples the analog voltage signal at a sampling rate of

approximately 10 Ms/s (million samples/second) or faster. A

device which meets the functional requirements of the

digital scope board 64 as described above 1s manufactured

by PC Instruments, located in Akron, Ohio, identified as
“443 Scopeboard”.
The comparator circuit 58 1includes a central processor

66 for storing the predetermined signals (see Figures 3A-

3H) representing the various types of defects described
above. The central processor 66 compares preselected,
indicative portions of each predetermined “defective”
signal to corresponding portions of the digital waveform
signal to establish a match and, thereby, detects a

specific defect. When a defect 1s detected, the central

processor 66 generates an output i1dentifying which specific
component (i.e. the ignition coil 10, the insulation boot
assembly 12, the spark plug 14, or the supply voltage wire

P

59) was determined to be defective and what type of defect

(e.g. cracked i1insulator, electrically shorted electrodes,

etc.) was detected. The output may be displayed through one

of several means, including a display screen. For

additional diagnostic purposes, the digital waveform signal
may also be displayed on the screen.

The preselected, indicative portion of each

predetermined “defective” signal (see Figure 3A-3H) varies

by defect. For example, the preselected, indicative portion
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of the electrically open 1gnition coill signal 72 1s the
peak voltage of the ignition voltage portion generally
indicated by 90 i1n Figures. 3A and 3B. Thus, to test for an

electrically open ignition coil, the peak voltage of the

ignition voltage portion in the digital waveform signal 1is

P

compared to the peak voltage of the ignition voltage

portion 90 in the electrically open ignition coil signal
72. More specifically, if the peak voltage of the ignition
voltage portion in the digital waveform signal is less than
a minimum peak voltage level, as selected from the properly
wired, non¥ defective “colil on plug” assembly signal 70,
then the tested “coil on plug” assembly 1s determined to
have an electrically open ignition coil. The typical peak
voltage of the ignition voltage portion may vary by engine
type.

The preselected, indicative portion of the
electrically shorted spark plug signal 78 1s the duration
of the ignition voltage portion generally indicated by 92
in ‘Figures 3A and 3E. Thus, to test for a pair of

electrically shorted electrodes, the duration of the

ignition voltage portion in the digital waveform signal 1s

compared to the duration of the ignition voltage portion 92
of the electrically shorted spark plug signal 78. More
specifically, if the duration of the ignition voltage
portion of the digital waveform signal 1s less than a
minimum amount of time, as selected from the properly

wired, non—defective “coil on plug” assembly signal 70,

then the tested “coil on plug” assembly 1s determined to

have an electrically shorted spark plug. The typical

duration of the ignition voltage may vary by englne type.

The preselected, indicative portion of the remaining

five predetermined “defective” signals (1.e. the

electrically open contact spring signal 74, the cracked
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spark plug insulator signal 76, the insufficiently gaped
spark plug signal 80, the electrically open spark plug

signal 82, and the misrouted supply voltage wire signal 84)

1s a specific area underneath each “defective” signal
generally indicated by 94 in Figures 3A, 3C-3D, and 3F-3H.
Each specific area 1s limited between a first time limit
and a second time limit which vary by defect. Accordingly,
the limited area underneath each “defective” signal 1is
compared to the corresponding area underneath the digital
waveform signal. The limited area underneath a specific
signal i1s determined by integrating the respective signal
from the first time limit to the second time limit. If the

el |

limited area underneath a specific “defective” signal

matches the corresponding area underneath the digital

waveform signal, then the tested “coil on plug” assembly 1s

determined to have that specific type of defect. For

Jr—

example, if the limited area underneath the missing spark

plug signal 82 matches the corresponding area underneath
the digital waveform signal, then the tested “coll on plug”
assembly 1is determined to have a missing spark plug. The
first and second time limits for each defect may vary by

engine type.

The apparatus 50 1s prOgrammed to capture a reflected

energy signal from each “coil on plug” assembly 15 during

at least one complete engine cycle and then test each %“coil

on plug” assembly 15 for the various types of defects 1n a
predetermined order.

The present invention also provides a method for
testing an ignition coil connected to a spark plug. The
method includes the steps of: supplylng poWer to the
ignition coil to generate a spark across the spark plug;
capturing an energy signal reflected from the ignition coil

in response to the spark generation; and comparing the
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captured energy signal to a predetermined signal.

Preferably, the method further 1includes the step of
generating an output 1n response to a match between the

captured energy signal and the predetermined signal to

indicate a defective ignition coil or a defective spark

plug.

The predetermined signal may be selected from one of a

P

distinct group of reflected energy signals that indicate a

defective ignition coil, a defective 1nsulation boot

assembly, a defective spark plug, or a misrouted supply

voltage‘wire. Specifically, the predetermined signal may be
selected to identify the following defects: an electrilically
open ignition coil; an insulation boot assembly having an
electrically open contact spring; a spark plug having a
cracked insulator; a spark plug having a electrically
shorted pair of electrodes; a spark plug having an
electrode gap approximately equal to or less than .050
inches; an electrically open spark plug; and an ignition
coil connected to a misrouted supply voltage wire.
Alternatively, the predetermined signal may be selected to

represent a reflected energy signal produced by a properly

wired, non-defective “colil on plug” assembly.

Although the apparatus and method are sulted primarlly
for testing an ignition coil and a spark plug connected 1in
a “coil on plug” design, one of ordinary skill in the art

will recognize that the present invention may also be used

to test for defects in an electrical spark-ignition system

which includes a single ignition coil wired to two or more

spark plugs. One of ordinary skill in the art will further

‘recognize that the present invention 1is capable of

detecting defects in an insulation boot assembly connected

LR

between an ignition coil and a spark plug and is capable of
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detecting a misrouted supply voltage wire connected between
a power supply and an i1gnition coil.

To determine the reflected energy signal of a

defective “coil on plug” assembly (see graphs 1n Figures
3B-3H), an engine including a “coil on plug” assembly

having a single known defective component was cold motored

or rotated and the reflected energy generated by the spark

plug generation was measured on the primary side of the

ignition coil. All data was collected with the coil and

plug being fired for the first time as would be the case in
the normal assembly process. With such data, the apparatus
of the present invention can compare an actual reflected
energy signal with the “defective” reflected energy signals
to detect secondary ignition assembly defects.

The present invention provides an apparatus and method

F

capable of testing a “coil on plug” assembly, ana the

respective supply voltage wiring, for various types of
defects. Further, the present invention is also capable of

disclosing which specific type of defect was detected.
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What 1s claimed 1is:

1. An apparatus for testing at least one ignition coil
~and at least one spark plug 1n a spark-ignition engine
where sald englne has one of a single ignition coll with a
plurality of connected spark plugs and a plurality of
ignition coils with a single spark plug per coil, the
apparatus comprising:

a power supply for supplying power to each ignition
coll to generaté a spark across each assoclated spark plug;

at least one capture circuit for capturing an energy

signal reflected from each ignition coil 1n response to
sald spark generation, each capture circuit positioned
between the power supply and each ighition coll for a
particular englne to be tested; and

a comparator circuit for comparing saild captured

energy signal to a predetermined signal.

2. The apparatus as set forth in claim 1 wherein the

ignition coil includes a first winding in electrical

communication with sald power supply and a second winding

in electrical communication with the spark plug and whereiln

- sald energy signal is reflected from the first winding of

the ignition coill 1n response to sald spark generation.

-y

3. The apparatus as set forth in claim wherein said

comparator circuit generates an output in response to a
match between said captured energy signal and said

predetermined signal.

4, The apparatus as set forth in claim 1 wherein said

reflected energy signal i1s a voltage waveform signal.
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5. The apparatus as set forth in claim 1 wherein said
capture circult includes a signal isolation and

conditioning circuit and a digital scope circuit.

©. The apparatus as set forth in claim 1 whereln said

comparator circuit i1ncludes a central processor.

7. The apparatus as set forth in claim 1 wherein the

ignition coil includes a first winding in electrical

communication with said power supply and a second windlng
in electrical communication with the spark plug and wherein

said reflected energy signal is a voltage waveform signal

reflected from the first winding of the i1gnition coil 1in

response to said spark generatilon.

8 . The apparatus as set forth in claim 1 wherein said

predetermined signal represents a reflected energy signal

produced by an ignition coil and a spark plug having no

defects,

9. The apparatus as set forth in claim 1 wherein said

predetermined signal represents a reflected energy signal

produced by one of a defective ignition coil and a

defective spark plug.

10. The apparatus as set forth in claim 1 wherein the

spark plug includes an insulator and wherein said
predetermined signal represents a reflected energy signal

produced by a spark plug having a cracked insulator.

11. The apparatus as set forth in claim 1 wherein the

spark plug includes a palr of spaced electrodes and wherein

said predetermined signal represents a reflected energy
signal produced by a spark plug having an electrode spaéing

about equal to or less than 0.050 1inches.
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12. The apparatus as set forth 1n claim 1 wherein the
spark plug includes a pair of spaced electrodes and wherein
sald predetermined signal represents a reflected energy

signal prdduced by a spark plug having an.electrically

shorted pair of electrodes.

13. The apparatus as set forth in claim 1 wherein said

predetermined signal represents a reflected energy signal

produced by an electrically open spark plug}

14. The apparatus as set forth in claim 1 wherein the
predetermined signal represents a reflected energy signal

produced by an electrically open ignition coil.

15. An apparatus for testing an ignition coil connected to

a spark plug, comprising:

a power supply for supplying power to the ignition
coll to generate a spark across the spark plug;

a capture circuit for capturing an energy signal

reflected from the ignition c¢coll 1n response to said spark
generation; and

a comparator circult for comparing sald captured
energy signal to a predetermined signal, wherein an output

f-v- gore—

of the comparator cilrcuit 1identifies one of a spark plug

having a cracked insulator, a spark plug having an

electrode spacing about equal to or less than 0.050 i1nches,

a spark plug having an electrically shorted pair of

electrodes, an electrically open spark plug, and an

electrically open ignition coil.

16. An apparatus for testing an ignition coll connected to

a spark plug wherein the ignition coll and the spark plug
are installed in an engilne having a separate 1gnition coil

and spark plug for each engine cylinder, the apparatus

comprising:
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a power supply for supplying power to the ignition

ccll to generate a spark across the spark plug;

a capture circuit for capturing an energy signal
~reflected from the ignition coil in response to said spark
generation; and

a comparator circuilt for comparing saild captured
energy signal to a predetermined signal; and wherein the
engine 1ncludes a plurality of cylinders each having a
separate coil and spark plug and wherein said power supply
includes an ignition system cilircult for supplying power to
each ignition coil in a predetermined cycle and wherein a
separate supply voltage wire 1s routed between said pPOWer
supply and each ignition coil and wherein said
predetermined signal represents a reflected energy signal
produced by an ignition coil connected to a power supply

with a misrouted supply voltage wire.

17. An apparatus for testing an ignition coil connected to
a spark plug wherein an insulation boot assembly including
a contact spring 1s connected between the ignition coil and
the spark plug, the apparatus comprising:

a power supply for supplying power to the ignition
coll to generate a spark across the spark plug;

a capture circuit for capturing an energy signal

reflected from the ignition coill 1n response to sailid spark

generation; and

a comparator circuit for comparing said captured
energy silignal to a predetermined signal, saild predetermined
signal representing a reflected energy signal produced by
an 1gnition coll connected to a spark plug with an

insulation boot assembly having an electrically open

contact spring.
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18. An apparatus for testing a set of i1gnition coils and
spark plugs installed in a spark-ignition engine, each
ignition coil having first and second windings, the second
winding in electrical communication with each associated '

spark plug, the apparatus comprising:

a power supply connectable to the first windilng of

each ignition coil for supplying power in a predetermined

cycle to the first winding of each ignition coil to
generate a spark across each spark plug;

a signal isolation and conditioning cilrcult for

capturing and conditioning each analog voltage waveform
signal reflected from only the first winding of each
ignition coil in response to each spark generation;

a digital scope circuit for digitizing each of said

captured analog voltage waveform signals; and

a central processor for comparing each of said digital

signals to a plurality of predetermined signals to detect

P

one of a defective ignition coil and a defective spark

plug.

19. A method for testing an ignition coil connected to a

spark plug, the ignition coil having first and second
windings, the second winding in electrical communicatlon
with the spark plug defining a secondary side circuit, the
method comprising the steps of:

supplying power to the first winding of ignition coil
defining a primary side circuit to generate a spark across
the spark plug;

capturing an energy signal reflected from only the
first winding of the ignition coil in response to the spark
generation; and

comparing the captured energy signal to a
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predetermined signal to detect a defect in the secondary

side circult.

20. The method as set forth in claim 19 further including

the step of generating an output in response to a match

petween the captured energy signal and the predetermined

signal.

21. The method as set forth in claim 19 wherein the step

of comparing the captured energy signal to a predetermined

signal includes the step of comparing the captured energy

signal to a predetermined signal representing a reflected

energy signal produced by an ignition coil and a spark plug

having no defects.

22. The method as set forth in claim 19 wherein the step

P

of comparing the captured energy signal to a predetermined

signal i1ncludes the step of comparing the captured energy

signal to a predetermined signal representing a reflected

energy signal produced by one of a defective ignition coil

and a defective spark plug.

23. The method as set forth in claim 19 wherein the spark

plug i1ncludes an insulator and wherein the step of

comparing the captured energy signal to a predetermined

y

signal 1ncludes the step of comparing the captured energqgy

signal to a predetermined signal representing a reflected

energy signal produced by a spark plug having a cracked

ilnsulator.

24. The method as set forth in claim 19 wherein the spark

e

plug i1ncludes a pair of spaced electrodes and wherein the

step of comparing the captured energy signal to a

gt

predetermined signal includes the step of comparing the

captured energy signal to a predetermined signal



CA 02323104 2005-04-06

19

representing a reflected energy signal produced by a spark

plug having an electrode spacing about equal to or less

than 0.050 i1inches.

25. The method as set forth in claim 19 wherein the spark

plug 1ncludes a palir of spaced electrodes and wherein the

step of comparing the captured energy signal to a

grvien

predetermined signal includes the step of comparing the

captured energy signal to a predetermined signal

representing a reflected energy signal produced by a spark

plug having an electrilically shorted pair of electrodes.

20. The method as set forth in claim 19 wherein the step

F

of comparing the captured energy signal to a predetermined

signal includes the step of cbmparing the captured enerqgy

signal to a predetermined signal representing a reflected

energy silgnal produced by an electrically open spark plug.

27. The method as set forth in claim 19 wherein the step

P

of comparing the captured energy signal to a predetermined

signal includes the step of comparing the captured energy

signal to a predetermined signal representing a reflected

energy signal produced by an electrically open ignition

coll.

28. A method for testing an ignition coil connected to a

spark plug, compriéing the steps of:
- supplying power to the ignition coil to generate a

spark across the spark plug, wherein an insulation boot

assembly i1ncluding a contact spring 1s connected between

the i1gnition coil and the spark plug;

capturing an enerqgy signal reflected from the ignition
coll 1n response to the spark generation; and

comparing the captured energy signal to a

predetermined signal representing a reflected energy signal
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produced by an i1gnition coil connected to a spark plug with

an lnsulation boot assembly having an electrically open

contact spring.

29. A method for testling an ignition coil connected to a
spark plug wherein the ignition coilil and the spark plug are
installed in an engine having a plurality of cvylinders,
each cylinder having a separate ignition coil and spark

grem
R——

plug, comprising the steps of:

supplying power to the ignition coil to generate a
spark across the spark plug, wherein a separate supply

voltage wire is routed between a power supply and the

separate 1gnition coil of each cylinder;

capturing an enerqgy Signa" reflected from the ignition

coll 1n response to the spark generation; and

comparing the captured energy signal to a

predetermined signal representing a reflected energy signal

produced by an 1i1gnition colil connected to a power supply

with a misrouted supply voltage wire.

30. In an engine assembly line, an apparatus for cold
motor testing an engine having at least one ignition coil

and at least one spark plug, the improvement comprising:

a power supply for supplying power to the ignition
coll to generate a spark across the spark plug;

at least one capture clrcult positioned between the

power supply and each ignition coil for capturing an enerqy
signal reflected from the ignition coil in response to said

spark generation; and

a comparator circult for comparing said captured

energy signal to a predetermined signal.

31. An apparatus for testing an ignition coil connected to

a spark plug, the ignition coil having first and second
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windings, the second winding 1n electrical communication

with the spark plug defining a secondary side cilrcult, the

apparatus comprising:

™

a power supply connectable to the first winding of the

ignition coll defining a primary side circult for supplying

power to the first winding to generate a spark across the

spark plug;

a capture circuit for capturling an energy signal

reflected from the first winding of the ignition ccil in

response to sald spark generation; and

a comparator circuit for comparing said captured
energy signal to a predetermined signal and generatling an
output 1n response to a matéh between sald captured energy
signal and said predetermined signal i1ndicating a defect in

the secondary side circuit.

32. In an apparatus for testing an ignition coil connected

to a spark plug, the improvement comprising:

a power supply for supplying power to the ignition
coll to generate a spark across the spark plug wherein the
ignition coll and the spark are installed in an engine
having a separate ignition coilil and spark plug for each

engine cvlinder;

a capture circult for capturing an energy signal

reflected from the ignition coll 1n response to said spark

generation; and

a comparator circuit for comparing sald captured

‘energy signal to a predetermined signal.
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