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(57) A method for detecting a fault condition of a
conductive path (34) utilized for conducting combustion
signals produced by a combustion sensor (26) of an in-
ternal combustion engine (10) to an electronic controller
(30) involves sensing a voltage level on the conductive
path (34) and comparing the sensed voltage level to a

E_T_E_

Diagnostic apparatus and method for a combustion sensor feedback system

predetermined threshold value. If the sensed voltage
level is less than the threshold value, a fault condition
of the conductive path (34) is indicated. The method en-
ables identifying the existence of the conductive path
fault condition as well as distinguishing it from other
problem conditions such as a misfire.
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Description
Technical Field

[0001] This invention relates generally to a diagnostic
apparatus and method for a combustion sensor feed-
back system of an internal combustion engine and more
particularly to an apparatus and method for detecting
fault conditions on a conductive path connecting the
combustion sensor with another component of the en-
gine such as an electronic controller.

Background Art

[0002] Currently, in many internal combustion en-
gines an electronic controller is used to control the air
fuel mixture delivered to a combustion chamber of a cyl-
inder of the engine, and produce an ignition signal in
response to sensed engine parameters to ignite the mix-
ture in engines that are spark ignited. Generally, the ig-
nition signal is delivered to a spark plug which is dis-
posed centrally in the combustion chamber, and a flame
is produced when the spark ignites the air fuel mixture.
[0003] A combustion sensor, which can be an ion
probe, optical device, thermocouple, or like device, is
typically also located in the combustion chamber. Ex-
amples of conventional combustion sensors and sys-
tems are shown in Earleson et al.,, U.S. Patent No.
5,036,669, issued 6 August 1991; Maddock et al., U.S.
Patent No. 5,041,980, issued 20 August 1991; McCom-
bie, U.S. Patent No. 5,392,641, issued 28 February
1995; and Wood, UK patent application GB 2282221,
published 29 March 1995. In operation, a combustion
sensor typically produces a combustion signal in re-
sponse to the presence of a predetermined combustion
condition in the combustion chamber, such as, in the
case of an ion probe, the flame propagating past the ion
probe. The combustion signal, typically a DC voltage
signal for an ion probe, is communicated to the electron-
ic controller via a conductive path that often includes a
wiring harness or the like. If the combustion signal re-
ceived is indicative of a misfire or other poor combustion
condition, the controller will typically operate to shut
down the engine. For instance, in the case of the ion
probe, if the DC voltage level of the signal is less than
a predetermined value, the electronic controller inter-
prets such signal as an indicator of a misfire or other
poor combustion condition.

[0004] A problem that can occur, however, is that flu-
ids, such as water, oil and/or coolant, may corrupt the
wiring harness or other portion of the conductive path
between the combustion sensor and the electronic con-
troller. Such a fault condition in the conductive path can
result in corruption of the combustion signal which may
be interpreted by the controller as an indicator of a mis-
fire or other undesirable combustion condition, when, in
fact, a misfire or other undesirable combustion condition
is not present. For instance, in the example of the ion
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probe above, it has been observed that a fault condition
in the wiring harness such as fluid corruption can result
in a "weakening" of the combustion signal, that is, a sig-
nal having a lower voltage, which may be interpreted by
the controller as a misfire.

Similarly, a fault condition such as a short circuit in the
wiring harness or other portion of the conductive path
has been observed to result in a weakened voltage sig-
nal which can also be falsely interpreted as a misfire.
[0005] Accordingly, the present invention is directed
to overcoming one or more of the problems as set forth
above.

Disclosure of the Invention

[0006] In one aspect of the present invention, a meth-
od for detecting a fault condition of a conductive path
utilized for conducting combustion signals produced by
a combustion sensor of an internal combustion engine
is disclosed, which method involves sensing a voltage
level on the conductive path and comparing the sensed
voltage level to a predetermined threshold value. If the
sensed voltage level is less than the threshold value, a
fault condition of the conductive path is indicated. The
method enables identifying the existence of the conduc-
tive path fault condition as well as distinguishing it from
other problem conditions such as a misfire.

[0007] In testing, it has been observed that when a
fault condition along a conductive path, such as a cor-
rupted wiring harness or a short circuit, is present, some
characteristic will likewise be present that allows distin-
guishing the fault condition from other conditions. For
example, in the instance of a combustion signal from an
ion probe, a DC voltage signal is typically produced. It
has further been found that a corrupted wiring harness
or other conductive path fault condition causes the
sensed voltage level of the combustion signal to fall be-
low that of normal. Accordingly, if the conductive path is
monitored in accordance with the present method for
this still lower voltage characteristic, the conductive path
fault can be discovered and distinguished from a sensed
low voltage level that is indicative of a misfire. The en-
gine controller can then ignore the condition for fuel de-
livery and ignition signal delivery purposes, and produce
a diagnostic signal to be stored in a memory for later
retrieval, or to effect display of a fault indication on a
display device to alert the operator or service personnel
of the problem.

[0008] Another advantage of the present apparatus
and method is that detection of fault conditions can be
accomplished using processing capabilities of an exist-
ing or easily expandable modular electronic controller
of an engine, and using the existing wiring harness and
connections between the controller and the harness,
such that the present diagnostic capability can be incor-
porated into an engine without significant additional ex-
pense or complexity.

[0009] Thus, according to another aspect of the
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present invention, a controller for receiving a voltage
signal from a combustion sensor can be enhanced so
as to be able to compare a sensed voltage level to a
predetermined threshold value for a conductive path
fault condition and optionally produce a diagnostic sig-
nal if the sensed voltage level is lower than the prede-
termined threshold value. The diagnostic signal can be
stored in memory for retrieval by service personnel, sent
o a service tool and/or delivered to a display device to
alert an operator of the fault condition.

Brief Description of Drawings

[0010] For a better understanding of the present in-
vention, reference may be made to the accompanying
drawings in which:

Fig. 1is a fragmentary cross-sectional view of a typ-
ical cylinder of an internal combustion engine and
an electronic controller of the engine incorporating
the present invention; and

Fig. 2 is a high level flow diagram showing operation
of the controller of Fig. 1 in accordance with the
present invention.

Best Mode for Carrying Out the Invention

[0011] Referring now to the drawings, wherein a pre-
ferred embodiment of the present invention is shown,
Fig. 1 identifies a typical internal combustion engine 10
including a tubular cylinder liner 12 which forms a cylin-
der 14. Engine 10 is representative of a wide variety of
internal combustion engines including both single cylin-
der engines and multiple cylinder engines which use a
wide variety of fuels including, gasoline, diesel fuel, al-
cohols and methane, to name just afew types of engines
with which the present invention is usable. Cylinder 14
of engine 10 contains a piston 16 reciprocally movable
therein in the usual manner, in connection with a crank-
shaft of the engine (not shown). Engine 10 further in-
cludes a head 18 enclosing one end of cylinder 14 to
form a combustion chamber 20.

[0012] Head 18 of engine 10 includes an intake port
22 extending therethrough in communication with com-
bustion chamber 20 for the passage of an air fuel mix-
ture into the combustion chamber, a conventional spark
plug 24 for igniting the air fuel mixture, a conventional
combustion sensor 26 for sensing combustion in the
combustion chamber, and an exhaust port 28 extending
through head 18 in communication with the combustion
chamber for exhausting the products of combustion
therefrom.

[0013] Engine 10 includes a controller 30 for control-
ling the air fuel mixture delivered to combustion cham-
ber 20 and delivery of ignition effecting signals to spark
plug 24 via wire 32. Combustion sensor 26 is an ion
probe operable to produce a combustion signal when a
flame front from combustion in combustion chamber 20
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passes by the probe. The combustion signal has a com-
bustion quality indicative voltage level and is communi-
cated to controller 30 over a conductive path 34 which
typically includes a wiring harness. Here it should be
noted that conductive path 34 is of conventional con-
struction and can include one or more lengths of wire
which can be connected together and with combustion
sensor 26 and controller 30 by conventional electrical
connectors or in any other conventional manner. Fault
conditions that can occur along conductive path 34 typ-
ically include corruption or infiltration by water, oil and/
or engine coolants through insulating material that sur-
rounds the wire or connector (not shown) so as to alter
electrical signals communicated along the path. Also,
conductive path 34 can become short circuited or open
circuited so as to also alter or even eliminate the elec-
trical signal. As a result, the actual signal, if any, sensed
by the controller may be different than that originally pro-
duced by the combustion sensor. The controller typically
utilizes the combustion sensor signal as one of the pa-
rameters for adjusting such other parameters as the air
fuel mixture, and thus, any error in the combustion sen-
sor signal sensed by the controller can result in improper
engine operation.

[0014] W.ith regard to the combustion signal produced
by combustion sensor 26, such signal has a variable
voltage level, that is, a signal having a higher voltage
level is produced when better flame propagation char-
acteristics are sensed by the sensor, and a signal having
a lower voltage level is produced when worse conditions
are sensed, for instance, a misfire in the combustion
chamber 20. Unfortunately, if a fault is present on con-
ductive path 34, such as, due to corruption of the con-
ductive path by water, oil and/or coolant, or, a short cir-
cuit, a high level voltage signal produced by combustion
sensor 26 indicative of good combustion conditions in
combustion chamber 20 can be decreased by passage
alongthe corrupted wiring harness such that the voltage
level sensed by controller 30 is substantially lower. Pre-
viously, many conventional controllers would treat any
combustion signal below a predetermined good com-
bustion level as indicative of a misfire or other combus-
tion problem and make unnecessary adjustments to the
timing or the air fuel mixture or even terminate delivery
of fuel and/or the ignition signal to the affected engine
cylinder. Here, however, it has been found that fault con-
ditions on conductive path 34 will lower the voltage level
sensed by the controller beneath even the voltage levels
which are indicative of a misfire condition, such that
these conductive path fault conditions can be distin-
guished from misfire conditions by the respective volt-
age levels sensed by the controller during such condi-
tions. Therefore, according to the present invention,
controller 30 is operable to sense the voltage level on
the conductive path and compare such sensed levels
with a predetermined value representative of the upper
threshold value for corruption of conductive path 34 and/
or a short circuit therein. The upper threshold value for
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any given engine type may be determined through en-
gine testing. During engine operation, if a sensed volt-
age level is below this predetermined value, the control-
ler 30 will correctly diagnose the problem as a conduc-
tive path fault condition and can operate accordingly.
For instance, the controller can continue to operate the
affected cylinder, produce a diagnostic signal indicative
of the problem, store the signal for later retrieval, and/
or broadcast the signal to an operator display and/or a
service tool.

[0015] Fig. 2 shows a high level flow diagram 36 illus-
trating the operation of controller 30 for detecting a fault
condition of conductive path 34. Referring to diagram
36, such fault detection by the controller 30 begins at
starting block 38 where the controller 30 is operable to
monitor the conductive path 34 so as to sense the volt-
age level thereon. As indicated by block 40, controller
30 determines the combustion sensor signal DC voltage
level by sensing the voltage on the conductive path 34.
Then, as shown by decision block 42, controller 30 com-
pares the sensed voltage level to a predetermined value
representative of an upper threshold value for a fault
condition on conductive path 34. If the sensed voltage
level is found to be less than the predetermined value,
a fault condition of the conductive path 34 is indicated,
and controller 30 will proceed to produce a diagnostic
signal representative of the fault condition as shown by
block 44. On the other hand, if the signal is not less than
the predetermined value, controller 30 will return to the
start condition represented by block 38, wherein the
controller will monitor conductive path 34 for the next
combustion signal. Here again, it should be recognized
that because controller 30 is able to differentiate a low
voltage level combustion signal due to a fault of the con-
ductive path from one indicative of a misfire or other poor
combustion condition, needless engine adjustments
such as termination of combustion in the affected cylin-
der can be eliminated. Additionally, as also noted above,
when a conductive path fault condition is identified, the
diagnostic signal can be stored in memory either con-
tained in the controller itself or external thereto, supplied
to a service tool, and/or broadcast to an operator dis-
play, such that the fault can be more rapidly and accu-
rately diagnosed and corrected.

Industrial Applicability

[0016] The present diagnostic apparatus and method
for a combustion sensor feedback system has applica-
bility for a wide variety of internal combustion engine ap-
plications, including vehicular applications, as well as
industrial, gas compression, electric power generation,
and co-generation applications, using a wide range of
fuels. Operational objects for all such engines include
high output, low emissions, high thermal efficiency, and
precise control of engine operating parameters. The
present diagnostic apparatus and method help achieve
these objectives by enabling an electronic engine con-
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troller to distinguish combustion problems such as mis-
fire and the like from fault conditions in a conductive path
for communicating signals from a combustion sensor to
the controller, to avoid needlessly terminating combus-
tion in a cylinder. Such fault detection and engine control
results in improved overall engine operation without sig-
nificant added costs or complexity.

[0017] Other aspects, objects and advantages of the
present invention can be obtained from a study of the
drawings, the disclosure and the appended claims.

Claims

1. Anapparatus for detecting a fault condition of a con-
ductive path (34) utilized for conducting combustion
signals produced by a combustion sensor (26) of an
internal combustion engine (10), comprising:

a controller (30) operable to monitor the con-
ductive path (34) for the presence of a characteristic
representative of the conductive path fault condi-
tion.

2. The apparatus, as set forth in claim 1, wherein the
controller (30) is operable to compare a character-
istic sensed on the conductive path (34) to a prede-
termined characteristic value to determine whether
the characteristic representative of the fault condi-
tion is present.

3. The apparatus, as set forth in claim 2, wherein the
characteristic sensed is a voltage level and the pre-
determined characteristic value comprises a
threshold voltage level.

4. The apparatus, as set forth in claim 3, wherein the
characteristic representative of the conductive path
fault condition is the sensed voltage level being less
than the threshold voltage level.

5. The apparatus, as set forth in claim 4, wherein the
threshold voltage level is less than a voltage level
indicative of a misfire condition in the combustion
chamber (20).

6. The apparatus, as set forth in claim 1, wherein the
controller (30) is operable to produce a diagnostic
signal when the characteristic representative of the
fault condition is detected.

7. The apparatus, as set forth in claim 1, wherein the
combustion sensor (26) comprises an ionization de-
tector.

8. The apparatus, as set forth in claim 1, wherein the
combustion sensor (26) comprises an optical detec-
tor.
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9. The apparatus, as set forth in claim 1, wherein the
combustion sensor (26) comprises a thermocouple.

10. A combustion sensing system of an internal com-
bustion engine (10), comprising: 5

a combustion sensor (26) for sensing combus-

tion in a combustion chamber (20) of the engine
(10), the combustion sensor (26) operable to
output a combustion signal having a voltage 10
level indicative of the level of combustion in the
chamber (20); and

a controller (30) connected to the combustion
sensor (26) via a conductive path (34) for re-
ceiving the combustion level indicative signals 15
therefrom, the controller operable to sense a
voltage level on the conductive path and to
compare the sensed voltage level to a prede-
termined threshold value, wherein, if the
sensed voltage level is less than the predeter- 20
mined threshold value, a fault condition of the
conductive path is indicated.

11. The combustion sensing system, as set forth in
claim 10, wherein the predetermined threshold val- 25
ue is less than a voltage level which is indicative of
a misfire condition in the combustion chamber.

12. A method for detecting a fault condition of a con-
ductive path (34) utilized for conducting combustion 30
signals produced by a combustion sensor (26) of an
internal combustion engine (10), comprising the
steps of:

sensing a voltage level on the conductive path 35
(34) during engine operation; and

comparing the sensed voltage level to a prede-
termined threshold value.

13. The method, as setforth inclaim 12, whereinacon- 40
ductive path fault condition is indicated when the
sensed voltage level is less than the predetermined
threshold value.

14. The method, as set forth in claim 13, wherein the 45
predetermined threshold value is less than a volt-
age value indicative of a misfire condition in the
combustion chamber (20).

15. The method, as set forth in claim 13, comprisingthe 50
further step of producing a diagnostic signal when
a conductive path fault condition is detected.

16. The method, as set forth in claim 13, wherein the
conductive path fault condition is indicative of a 55
short circuit in the conductive path.
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