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CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 60/960,653, filed

October 9, 2007.

FIELD OF THE INVENTION

[0002] The present invention telates to a device fot testing the ignition of a spark plug of an internal
combustion engine, and motre specifically relates to a hand-held spark plug sensor.
DESCRIPTION OF BACKGROUND INFORMATION

[0003] Itis well known that electromagnetic radio frequency emissions are generated by the ignition
wites during normnal operaton of an engine. It is also well known that by sampling the
electromagnetic emissions, ignition information can be obtained for evaluating the operation of the
engine. Prior att devices are either ttiggered by the electtomagnetic emissions or measute the
amplitude of the emissions to provide spark information. These priot art devices measure the
electromagnetic emissions at the spatk plug wite ot boot, but are not capable of determining
whether a spatk occurred at the end of the spark plug.

[0004] Some prior att testing devices include wite antennas that are bent in shapes and encased in
housings. Due to theit use of encased bent wites, they are typically more expensive and difficult to
manufacture consistently. In addition, it is more difficult to consistently produce high quality priot

art testing devices employing encased bent wites due to the inherent process vatiances associated

with manufacturing such encased bent wire devices.
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SUMMARY OF THE INVENTION

[0005] The above-described problems are solved and a technical advance achieved by the present
spatk plug sensor probe utilizing a PCB as an antenna (“spark plug sensor”). The present spatk plug
sensor includes a printed citcuit board (“PCB”) with traces in 2 serpentine shape on both sides of
the PCB to act as an antenna to detect spatk in a spatk plug. The PCB may be housed in a snap-
together housing that is preferably a weather-proof plastic assembly.

JOO0G] Since the traces on the PCB form the serpentine pattern, thete is no need to form the wites

into a serpentine shape. The one PCB has setpentine traces on each side that replaces the two bent

wites that ate typically formed in a serpentine shape of ptior art devices. The PCB provides
consistent high quality traces in the exact same pattern evety time. In comparison, prior att devices
that utilize bent wires are not always bent in the identical shape each time.

[0007] The ptesent spark plug sensor is produced with less difficult manufacturing processes, thus
they ate less expensive to make. In patt, this is because the PCB and housing manufacturing
processes tequire less labor to assemble than curtent practice. Additionally, the present spark plug
sensot provides an improved PCB antenna over prior art bent wire antennas due to their consistent
rtace patterns.

[0008] In one embodiment, the present spatk plug sensot antenna includes an extetnal housing; and
a printed citcuit board disposed within the exterior housing, the printed circuit board having a first
side and a second side and a first plurality of serpentine traces disposed on one of the fitst side and
second side for receiving radio frequency signals generated by the spatk of a spatk plug. In one
aspect, the spark plup sensor antenna further includes a second plurality of serpentine traces
disposed on the other of the first side and second side of the ptinted circuit board. Additionally, the
spatk plug sensor antenna may further include a first contact in electrical contact with the first
plurality of serpentine traces and extending to one end of the exterior housing for connecting with 2
spatk plug sensor module. In another aspect, the spatk plug sensor antenna may further include 2
second contact in electrical contact with the second plurality of serpentine traces and extending to

one end of the extetior housing for connecting with a spatk plug sensor module. Also, the extesior
housing may be 2 multi-part housing including fasteners for sealing the multi-parts to each othet to

form a weather-proof exterior housing,
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[0009] In another embodiment, the present spatk plug sensor may include a spatrk plug sensor
including an external housing; a printed circuit board disposed within the extetiot housing, the
printed circuit board having a first side and a second side and a first plurality of serpentine traces

disposed on one of the first side and second side for receiving radio frequency sighals generated by

the spark of a spark plug; and a spatk plug sensor module connected to the extetnal housing and in

clectrical contact with the first plurality of serpentine traces for converting the radio frequency

signals to an output signal for determining one of the presence or absence of the spatk.

[0010] In one aspect, the spark plug sensot may include a second plutality of serpentine traces

disposed on the other of the first side and second side of the ptinted circuit boatd. Also, the spark

phag sensor may further include a first contact in electrical contact with the first plarality of

setpentine traces and extending to one end of the extetior housing for connecting with a spark plug
sensor module. In another aspect, the spark plug sensor antenna may further include 2 second
contact i electrical contact with the second plutality of setpentine traces and extending to one end
of the extetior housing for connecting with a spark plug sensor module. Additionally, the exterior
housing is 2 multi-part housing including fasteners for sealing the multi-parts to each other to form a
weather-proof exterior housing.

[0011] In yet another embodiment, the present spatk plug sensotr may include 2 method of making
a spark plug sensor including providing a multi-part housing for enclosing the spark plug sensoz;
providing a PCB having a first side and a second side; disposing 2 first plurality of serpentine traces
on one of the first side and the second of the PCB; interconnecting the first plurality of serpentine
traces with a circuitty for detetmining received radio frequency signals by the first plurality of
serpentine traces; inserting the PCB, first plurality of serpentine traces, and citcuitty within the
multi-part housing; and sealing the multi-part housing to form the spatk plug sensor. In one
embodiment, the step of disposing a first plurality of serpentine traces may further include disposing

a second plurality of serpentine ttaces on the other of the first side and the second of the PCB; and

interconnecting the second plurality of setpentine traces with the circuitry for determining received

radio frequency signals by the second plurality of serpentine traces. In yet another aspect, the
interconnecting the first plurality of serpentine traces may further include connecting the first

plurality of serpentine traces to the circuitry with a first contact located within the multi-part
housing. Additionally, the interconnecting the second plurality of serpentine traces may tfurther
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include connecting the second pluarality of serpentine traces to the citcuitty with a second contact
located within the multi-patt housing. Also, the method may further include connecting the spark
plug sensor with a spatk plug sensor module.

[0012] In stll yet another embodiment, the present invention may include a method fot
detettnining the presence ot absence of a spatk at a spark plug, the method including locating 2

spark plug sensor having a PCB serpentine trace antenna near an outer shell of the spark plug;

detecting the presence or absence of radio frequency signal generated by the spark plug; responsive
to receiving the radio frequency signals, determining the presence of the spark at the spatk plug; and

tesponsive to not receiving the radio frequency signals, determining the absence of the spatk at the

spark plug. In one aspect, the method may further include communicating the presence ox absence
of the spatk to a user by Jluminating viewable indicta on the spark plug sensotr. In yet anothet
aspect, the method may include communicating the presence or absence of the spatk to a computet.
In still yet another aspect, the locating a spatk plug sensor having a PCB serpentine trace antenna
may further include placing the spark plug sensor within range of generated radio frequency signals.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fot a mote complete understanding of the features and advantages of the present invention,

teference 1s now made to the detailed description of the invention along with the accompanying

figures in which corresponding numerals in the different figures refer to corresponding parts and in
which:
[0014] Figure 1 illustrates a partial cut-away side view of a spark plug sensor proximal to an mnternal

combustion engine according to an embodiment of the present invention;
[0015] Figure 2 illustrates an exposed top view of the spark plug sensor of Figure 1 according to an
embodiment of the present invention;

[0016] Figure 3 iflustrates an exposed side view of the spark plug sensor of Figure 2 according to an

embodiment of the present invention; and

[0017] Figure 4 illustrates a flow diagtam for an exemplary process for making a spark plug sensor

accotding to an embodiment of the present invention.



CA 02702158 2013-01-24

DETAILED DESCRIPTION OF THE DRAWINGS

[0018] Referting to Figure 1, a spark plug sensor 100 shown proximal to spark plug 104 extends
partially into combustion cylinder 120 of an internal combustion engine 102. A piston head 108
comptesses 2 fuel/air mixtute in combustion cylinder 120, which is then ignited by spark plug 104.
This combustion within the combustion cylinder 120 causes the piston head 108 to rotate 2
crankshaft within the internal combustion engine 102. Fuel is supplied to the combustion cylinder
through a fuel injector 118, for example, located within a cylinder head of intake manifold 112. Air
is supplied to the combustion cylinder through intake port 110 located within intake manifold 112,
for example. The exhaust gases, which ate a product of the combustion occutting within the
combustion cylindet 120, are exhausted out exhaust port 114 located within 2n exhaust manifold
116, for example.

[0019] Spatk plug 104 typically includes a first electrode 126 and a second electrode 128 that form a
gap between them for inducing 2 spatk when voltage is supplied to them by a voltage source 122,
such as a coil. Voltage is supplied from the voltage source 122 through the plug wite 124 to the
spatk plug 104 to create a spark between first electrode 126 and second electrode 128 of spatk plug
104. A spatk plug boot 132 may cover and protect the connection of the plug wire 124 and the
spatk plug 104. A radio frequency signal 1s pr.dduced during each spark at spark plug 104 that is
then detected by spark plug sensor 100 to determine whether an actual spatk is occurring between
first electrode 126 and second electrode 128 of spatk plug 104.

[0020] In one embodiment, spatk plug sensor 100 may futther include spark plug sensor module
130 described as further described herein. Although a single cylinder internal combustion engine
102 is shown, the present spark plug sensor 100 may be used with any number of internal
combustion cylindets.

[0021] Referring to Figure 2, spatk plug sensor 100 includes a ptinted circuit board (“PCB”) 204,
which is preferably located or disposed near the one end of the spatk plug sensor 100. PCB 204
preferably mechanically supports and electtically connects certain electronic components, for
example, serpentine traces 2062, 206b, 206¢, 206d, 206e, and 206f (collectively serp entine traces 206)
on one side of PCB 204, PCB 204 may furthet include viz 220 for cornecting 2 wire 208b to 2

second set of setpentine traces located on backside or othet side of PCB 204, such as serpentine

traces 302, as best tlustrated in Figure 3.
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[0022] Spatk plug sensot 100 may further include contact 208a shown connected to serpentine
traces 206, which extends from its connection with serpentine traces 206 through the central patt ot
body of spatk plug sensor 100 and terminates at the other end of spark plug sensor 100, In one
embodiment, serpentine traces 206 ate located on one side of PCB 204 and serpentine traces 302 are
located on the other side of PCB 204. Setpentine traces 206 and 302 combined comprise the
antennae 208 of the spark plug sensor 100. In another embodiment, spark plug sensor 100 may only
include one set of sexpentine traces located on one side of PCB 204, such as just serpentine traces
206 or 302. Wites or contacts 208a and 208b are each connected to serpentine traces, one on one
side and the one on the other side of PCB 204 and they both extend from their connection bases to
the other end of spark plug sensor 100, in one embodiment.

[0023] Contacts 208a and 208B extend at the other end of the spatk phig sensor 100 through a
gooseneck tube 212, by extending through the internal cavity or extetior housing 202 of spatk plug
sensor 100, as shown. The PCB 204 may be held in place or retained within exteriot housing 202 by
detents, tabs, suppotts, guides and the like that may be formed within the intetior of extenor
housing 202. Spark plug sensor 100 may further include o-ting 216 that is fitted within the extenot
and located strain relief 218 and the PCB support 214 for sealing between the gooseneck tube 212
and the extetior housing 202 of the spark plug sensot 100.

[0024] In one embodiment, spatk plug sensor 100 there may be three parts that bold and protect
the PCS 204: strain relief 218, PCB suppott 214, and the extetior housing 212. In one embodiment,
the strain trelief 218 grips onto the gooseneck tube 212 and holds the assembly in place once the
exterior housing 202 is snapped over it. In one embodiment, PCB support 214 and gooseneck tube
212 holds the PCB 204 to contacts 208a and 208b that fit into the end of the gooseneck tube 212. In
one aspect, the contacts 2082 and 208b may be soldered ot otherwise connected to serpentine traces
206 and 302.

[0025] In one embodiment, the exterior housing 202 is 2 multi-part unit that is formed or molded
from a suitable matetial such that the multi-parts are snapped together or otherwise sealed to
enclose the setpentine traces 206, 302, contacts 2082, 208b, PCB support 214, and o-ring 216 for
example. Each patt ot component of exteriot housing 202 may be molded ot fotmed separately

such that they have snap fittings or other type fittings or fasteners, such that the patts seal togethet

to form a weather tight extetior housing 202.
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[0026] In one embodiment, the exterior housing 202 has guides to hold the PCB extetior housing
202 encloses the PCB support, which may snap onto the sttain relief 218. In one aspect, there is an
o-ring 216 held in place between strain relief 218 and the PCB support 214, which seals between the
gooseneck tube 212 and the exterior housing 202.

[0027] Now refetring Figure 3, a side view of the spark plug sensor 100 is shown. Setpentine traces
302 are shown on the lowet side of PCB 204 and serpentine traces 206 are shown on the upper side
of PCB. Serpentine traces 302 may be the identical or substantially same tracing patterns as
serpentine traces 206, Setpentine ttaces 302 connect with contact 208b as shown in this figure.
Further as shown, PCB 204 is held in place by PCB support 214 such that it fits snugly within the
exterior housing 202 towards the one end of spatk plug sensor 100. Additionally, spatk plug sensos
100 may include a clip 304 as part of exterior housing 202 for convenient use of spatk plug sensor
100.

[0028] In one embodiment, spark plug sensor 100 includes six setpentine traces as desctibed above
2062, 206b, 206¢, 206d, 206e, and 206f on one side of PCB 204 and six serpentine traces, collectively
shown as serpentine traces 302, located on the other side of PCB 204. The lengths (L) and widths
(W) of these serpentine traces 206 and 302 may be such as to receive the radio frequency signals that
are generated by the spark plug 104. The actual width of each serpentine trace may be
apptoximately 1 millimeter, in one embodiment. The material of each setpentine trace 206 and 302
may be such that it conducts electricity, such as coppet, for example. Although, six serpentine traces
206 and 302 are shown, any number of traces may be use in the spatk plug sensot 100.

[0029] In one embodiment, spatk plug sensor 100 may further include a spark plug sensor module
130 is described in FIG. 1. Spark plug sensor 100 may be detachable from spatk plug semsor
module 130 for convenience and safety. Preferably, spatk plug sensor 100 performs as an antenna
for receiving radio frequency signals genetated by the spark of spatk plug 104. The spark plug
sensot 130 may further inclade 2 power supply and wited citcuitty to receive the signals that are
transmitted by the spatk plug sensor 100. In one embodiment, the spark plug sensor 100 terminates
near or around gooseneck tube 212 and plugs or is insertable into spatk plug sensor module 130 for
ease of use. Spark plug sensor module 130 receives the signals from the contacis 208a and 208b and

converts them through its circuitry into indicia, such as LED signals for use by 2 uset, or other
signals to be used by the spark plug sensor 130 ot other computing device, for example.
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[0030] In addition to the aforementioned aspects of embodiments of the present spatk plug sensor
100, the present invention further includes methods for making a spark plug sensor. FIG. 4

dlustrates embodiment 400 of such a method. In step 402, 2 PCB is prepared or provided to be
used to process serpentine traces on one ot both sides of the PCB. This step may include selecting
the proper PCB for the later deposition outlaying of the serpentine traces 206 and 302, for example.
Additionally necessaty vias, such as via 220, may be formed through the PCB at this time. In step
404, serpentine traces, such as setpentine traces 206 and 302, are deposited on each side of the
double sided PCB 204, respectively. In step 406, a multi-part exterior housing, such as exteror
housing 202, is ptovided ready for insertion of the PCB. This step may inclade forming or molding
sepatate patts, such as housing halves of exteriot housing 202. Further the exterior housing may
include snap fittings or other type of fittings or fasteners to provide a weather tight seal once the
multipart exterior housing is sealed or snapped togethet.

[0031] In step 408, PCB 204, setpentine traces 206 and 302, along with. contacts 2082 and 208b,
PCB suppott 214, and o-ring 216, are inserted into the multipart extetior housing. This step may
further include insetting any other additional internal circuitry or pieces of spark plug sensor 100. In
step 410, the multipart exterdor housing 202 is sealed to form the spatk plug sensor 100. In step
412, an optional step of attaching the spatk plug sensor 100 to a spark plug sensor module 130 may
further be included.

[0032] Thete has been described a spatk plug sensor. It should be undetstood that the particulat
embodiments described within this specification are for putposes of example and should not be
construed to limit the invention. Further, it is evident that those skilled in the art may now make
numerous uses and modifications of the specific embodiment desctibed, without departing from the
inventive concepts. For example, different housings, wirings, circuitry, and the like may be changed
or altered to fit within the spark plug sensor described herein or other without departing from the

mnventive concepts.
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The embodiments of the present mvention for which an exclusive property or privilege is

claimed are defined as follows:

1. A spark plug sensor antenna comprising;

an external housing;

a printed circuit board disposed within the exterior housing, the printed circuit
board having a first side and a second side and a first plurality of serpentine traces
disposed on one of the first side and second side for receiving radio frequency signals
generated by the spark of a spark plug; and a second plurality of serpentine traces

disposed on the other of the first side and second side of the printed circuit board.

2. The spark plug sensor antenna according to claim 1, further comptising:
a first contact in electrical contact with the first pluta]ity of serpentine traces and

extending to one end of the exterior housing for connecting with a spark plug sensotr

module.

3. The spark plug sensor antenna according to claim 1, further comprising:
a second contact in electrical contact with the second plurality of serpentine
traces and extending to one end of the exterior housing for connecting with a spatk plug

sensor module.

1. The spark plug sensor antenna according to claim 1, wherein the extertor housing
is a multi-part housing including fasteners for sealing the multi-parts to each other to form a

weather-proof exterior housing.

5. A spark plug sensot comprising:
a spark plug sensor antenna comprising;
an external housing;

a printed circuit board disposed within the exterior housing, the printed
circuit board having a first side and a second side and a first plurality of
serpentine traces disposed on one of the first side and second side for receiving
radio frequency signals generated by the spark of a spatk plug;

a spark plug sensor module connected to the external housing and 1n electrical

contact with the first plurality of serpentine traces for converting the radio frequency
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signals to an output signal for determining one of the presence or absence of the spark;
and

a second plurality of serpentine traces disposed on the other of the first side and

second side of the printed circuit board.

6. The spark plug sensor according to claim 5, furthet comprising:
a first contact in electrical contact with the first plurality of serpentine traces and
extending to one end of the exterior housing for connecting with the spark plug sensor

module.

7. The spatk plug sensor according to claim 5, further comprising:
a second contact i electrical contact with the second plurality of setpentine
traces and extending to one end of the exterior housing for connecting with a spark plug

sensor module.

8. The spatk plug sensor according to claim 5, wherein the exterior housing is a
multi-part housing including fasteners for sealing the multi-parts to each other to form a

weather-proof exterior housing.

9. A method of making a spark plug sensor, said method comprising:

providing a multt-part housing for enclosing the spark plug sensorx;

providing a PCB having a first side and a second side;

disposing a first plurality of serpentine traces on one of the first side and the
second of the PCB, wherein the step of disposing the first plurality of serpentine traces
further includes:

disposing a second plurality of serpentine traces on the other of the first

stde and the second of the PCB: and

interconnecting the second plurality of serpentine traces with the clrcuitry;
interconnecting the first plurality of serpentine traces with a citcuitry for
determining receiwved radio frequency signals by the first plurality of serpentine traces;

inserting the PCB, first plurality of serpentine traces, and circuitry within the

multi-part housing; and

sealing the multi-part housing to form the spark plug sensor.
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10. The method according to claim 9, wherein the interconnecting the first plurality
of serpentine traces further includes:
connecting the first plurality of serpentine traces to the circuitry with a first

contact located within the multi-part housing.

11. The method according to claim 9, wherein the interconnecting the second
plurality of serpentine traces further imncludes:
connecting the second plurality of serpentine traces to the circuitry with a second

contact located within the multi-part housing.

12. The method according to claim 9, further comprising:

connecting the spark plug sensor with a spark plug sensor module.

13. A spark plug sensor comprising:

an external housing;

a printed circuit board disposed within the exterior housing, the printed circuit
board having a first side and a second side and a first plurality of serpentine traces
disposed on one of the first side and second side for receiving radio frequency signals

generated by the spark of a spark plug;

a spark plug sensor module connected to the external housing and in electrical
contact with the first plurality of serpentine traces for converting the radio frequency

signals to an output signal for determining one of the presence or absence of the spark;

and

a second plurality of serpentine traces disposed on the other of the first side and

second side of the printed circuit board.

14. The spark plug sensor according to claim 13, further comprising:

a first contact 1n electrical contact with the first plurality ot serpentine traces and

extending to one end of the exterior housing for connecting with the spark plug sensor

module.

15. The spark plug sensor according to claim 13, further comprising:
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a second contact in electrical contact with the second plurality ot serpentine

traces and extending to one end of the exterior housing for connecting with a spark plug

sensor module.

16. The spark plug sensor according to claim 13, wherein the exterior housing is 2

multi-part housing mcluding fasteners for sealing the multi-parts to each other to form a

weather-proot exterior housing.
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402 PREPARE PCB

404 DEPOSIT SERPENTINE TRACES ONTO PCB
406 PROVIDE MULTI-PART EXTERIOR HOUSING

4081 INSERT PCB AND CONNECTING WIRES INTO EXTERIOR HOUSING
410~ SEAL MULITI-PART HOUSING TO FORM SPARK PLUG SENSOR
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