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Description

[0001] The invention relates to a system and method
for detecting an air leak in an exhaust system coupled
to an engine.

[0002] To meetcurrent emission regulations, automo-
tive vehicles must regulate the air-fuel ratio supplied to
the vehicles' engine cylinders to achieve maximum effi-
ciency of exhaust gas catalysts. For this purpose, it is
known to control the air-fuel ratio of an internal combus-
tion engine using an exhaust gas oxygen sensor posi-
tioned in the exhaust stream from the engine.

[0003] The exhaustgas sensor provides feedback da-
ta to an electronic controller that calculates desired air-
fuel ratio values over time to achieve optimum efficiency
of the catalyst in the exhaust system.

[0004] When an air leak occurs in an exhaust system
upstream of an exhaust gas sensor, atmospheric air
may be inducted into the exhaust system during idle or
deceleration operating conditions. As a result, the ex-
haust gas sensor may indicate a lean air-fuel ratio even
though a combusted air-fuel mixture in an engine cylin-
der was not a lean mixture. An electronic engine con-
troller utilizing the inaccurate air-fuel ratio measurement
may not be able to maintain an optimal air-fuel ratio for
optimal catalyst efficiency. Thus, air leaks in the exhaust
system may result in increased emissions and de-
creased fuel economy.

[0005] It is known from, for example, US Patent
number 5,372,036 to provide an engine control system
that detects air leaks in an exhaust system by measuring
the number of switch transitions in an output signal of
an oxygen sensor disposed upstream of an emission
catalyst. However, the known system relies only on the
instantaneous oxygen sensor signals and not on any
other engine air-fuel control parameters. Thus, the
known system may incorrectly indicate air leaks in the
exhaust system during relatively short transient opera-
tion of the oxygen sensor when no air leak actually ex-
ists.

[0006] It is further known from EP-A-0719931 to pro-
vide a system for detecting leaks in an exhaust system
during low speed, low load operating conditions by using
at least one air/fuel correction factor and a measure-
ment of whether an Oxygen sensor determines the mix-
ture to be rich or rear.

[0007] Itis anobject of this invention to provide a more
accurate system and method for detecting an air leak in
an exhaust system coupled to an engine.

[0008] According to a first aspect of the invention
there is provided a system for detecting an air leak within
an exhaust system communicating with an engine in-
cluding an intake manifold communicating with at least
one combustion chamber of the engine, the system
comprising a first sensor generating a first signal indic-
ative of one of a mass air flow and a pressure in the
intake manifold, a second sensor generating a second
signal indicative of an engine speed, a third sensor gen-
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erating a third signal indicative of an air-fuel ratio in ex-
haust gases from the engine and a controller operably
connected to the first, second and third sensors wherein
the controller is configured to determine when the en-
gine is operating in a low speed, low load mode and
when operating in such a mode is further configured to
determine when an air leak is present in the exhaust sys-
tem based on the third signal and at least one air-fuel
correction value characterised in that the low speed and
low load mode is one of an idle operating mode and a
deceleration operating mode and the controller is oper-
able to determine when the engine is operating in one
of the two modes based on the first and second signals
and that the system is further operable to indicate the
air leak is detected in the exhaust system when the third
signal indicates a lean air-fuel ratio, a first short term air-
fuel correction value which compensates for fuelling er-
rors detected by the third sensor corresponds to a rich
air-fuel ratio and a second long term air-fuel correction
value which is based on at least one stored value in a
table indexed with reference to one of engine speed and
load or air charge temperature corresponds to a rich air-
fuel ratio. The third sensor may be an exhaust gas ox-
ygen sensor.

[0009] According to a second aspect of the invention
there is provided a method for detecting an air leak with-
in an exhaust system communicating with an engine in-
cluding an intake manifold communicating with at least
one combustion chamber of the engine wherein the
method comprises measuring an exhaust gas constitu-
ent in exhaust gases from the engine when the engine
is operating in a low speed, low load mode and deter-
mining when an air leak is present in the exhaust system
based on the measured exhaust gas constituent and at
least one air-fuel correction value characterised in that
that the low speed, low load mode is an idle operating
mode and the step of determining when an air leak is
presentincludes indicating the air leak is detected in the
exhaust system when the measured exhaust gas con-
stituent indicates a lean air-fuel ratio, a first short term
air-fuel correction value which compensates for fuelling
errors as detected by the third sensor corresponds to a
rich air-fuel ratio and a second long term air-fuel correc-
tion value which is based on at least one stored value
in a table indexed with reference to one of engine speed
and load or air charge temperature corresponds to a rich
air-fuel ratio. The exhaust gas constituent may be oxy-
gen. The first air-fuel correction value may be deter-
mined based on a measured oxygen concentration in
the exhaust gases.

[0010] The method may further comprise indicating
that there is an air leak in the intake manifold when the
measured exhaust gas constituent indicates a lean air-
fuel ratio, the second value exceeds a respective pre-
determined threshold, the third value is less than a pre-
determined threshold.

[0011] According to a third aspect of the invention
there is provided an article of manufacture comprising
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a computer storage medium having a computer pro-
gram encoded therein for detecting an air leak within an
exhaust system communicating with an engine includ-
ing an intake manifold communicating with at least one
combustion chamber of the.engine the computer stor-
age medium including code for determining a first value
indicative of a lean air-fuel ratio in exhaust gases from
the engine and code for determining at least one air-fuel
correction value for the engine characterised in that the
computer storage medium further comprises code for
determining a second value indicative of a first short
term air-fuel correction value which compensates for en-
gine fuelling errors, code for determining a third value
indicative of a second long term air-fuel correction value
for the engine which is based upon at least one stored
value in a table indexed by engine speed and load or air
charge temperature, code for determining a fourth value
when the second value exceeds a respective predeter-
mined threshold and the third value is less than a pre-
determined threshold and code for determining a fifth
value when a predetermined period of time has been
exceeded and code for summing the first, second, third,
fourth and fifth values to obtain a total value and code
for indicating that an air leak is present in the exhaust
when the total value is equal to a predetermined leak
detection value.

[0012] The computer medium may further include
code for indicating that an air leak is presentin the intake
manifold when the total value is equal to a second pre-
determined leak detection value.

[0013] The engine may be provided with a positive
crankcase ventilation system and the computer medium
may further include code for indicating that an air leak
is present in the positive crankcase ventilation system
when the total value is equal to a third predetermined
leak detection value.

[0014] The invention will now be described by way of
example with reference to the accompanying drawing
of which:-

Figure 1 is block diagram of an automotive vehicle
having an engine and an engine control system;

Figures 2A-2D are schematics of signals used to
determine when an air leak in an engine intake man-
ifold is detected;

Figures 3A-3D are schematics of signals used to
determine when an air leak proximate a PCV valve
in an engine is detected;

Figures 4A-4D are schematics of signals used to
determine when an air leak in an exhaust system
coupled to an engine is detected; and

Figure 5 is a flowchart of a method for detecting an
air leak within an engine or an exhaust system.
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[0015] Referring now to the drawings, like reference
numerals are used to identify identical components in
the various views and Fig. 1 shows an automotive motor
vehicle 10 having an internal combustion engine 12 and
an engine control system 14.

[0016] The engine 12 has a plurality of cylinders, how-
ever only one cylinder is shown for clarity of illustration.
The engine 12 has a combustion chamber 30, cylinder
walls 32, a piston 34, a crankshaft 35, a spark plug 36,
an intake manifold 38, an exhaust manifold 40, an intake
valve 42, an exhaust valve 44, a throttle body 46, a throt-
tle plate 48, a fuel injector 50, and a catalytic converter
52.

[0017] The combustion chamber 30 communicates
with intake manifold 38 and exhaust manifold 40 via re-
spective intake and exhaust valves 42, 44. A piston 34
is positioned within combustion chamber 30 between
cylinder walls 32 and is connected to crankshaft 35. Ig-
nition of an air-fuel mixture within combustion chamber
30 is controlled via spark plug 36 which delivers ignition
spark responsive to a signal from distributorless ignition
system 54.

[0018] Intake manifold 38 communicates with throttle
body 46 via throttle plate 48. Throttle plate 48 is control-
led by electric motor 55 which receives a signal from
ETC driver 56. ETC driver 56 receives a control signal
(DC) from a controller 58. Intake manifold 38 is also
shown having fuel injector 50 coupled thereto for deliv-
ering fuel in proportion to the pulse width of signals
(FPW) from controller 58. Fuel is delivered to fuel injec-
tor 50 by a conventional fuel system (not shown) includ-
ing a fuel tank, fuel pump, and fuel rail (now shown).
[0019] Although portfuelinjection is shown, direct fuel
injection could be utilized instead of port fuel injection.
[0020] The intake manifold 38 also communicates
with a crankcase 59 via a positive crankcase (PCV)
valve 61. When valve 61 is open, unburned fuel and ex-
haust gases trapped in crankcase 59 are inducted into
intake manifold 38. As will be discussed in more detail
below, if an air leak occurs near PCV valve 61 in conduit
63, additional atmospheric air may be inducted directly
into manifold 38 which can affect closed-loop air-fuel
control. Similarly, if PCV valve 61 becomes disconnect-
ed from conduit 63, additional air may be inducted into
manifold 38 affecting closed-loop air-fuel control.
[0021] The exhaust manifold 40 communicates with
catalyst 52 which as shown is a three-way catalytic con-
verter. The "exhaust system" includes the components
downstream of the engine cylinder and includes exhaust
manifold 40 and catalyst 52. The catalyst 52 reduces
exhaust gas constituents such as nitrous oxides (NOx)
and oxidizes carbon monoxide (CO) and hydrocarbons
(HC).

[0022] Asillustrated, an exhaust gas sensor 60 is dis-
posed upstream of catalyst 52 and a second exhaust
gas sensor 64 is disposed downstream of catalyst 52.
The exhaust gas sensors 60, 64 may comprise one of
an EGO sensor, a HEGO sensor, or a UEGO sensor.
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[0023] The sensor 60 generates a signal FEGO indic-
ative of an air to fuel ratio in exhaust gases upstream of
catalyst 52. Sensor 64 may generate signal REGO in-
dicative of an air/fuel ratio in exhaust gases downstream
of catalyst 52. As will be discussed in greater detail be-
low, if an air leak occurs upstream of exhaust gas sensor
60, atmospheric air will be inducted directly into exhaust
manifold 40 which can cause the signal FEGO to indi-
cate alean air-fuel ratio, even though a lean air-fuel mix-
ture was not combusted in the engine cylinder. As such,
the air leak can affect closed-loop air-fuel control of en-
gine 12.

[0024] Control system 14 is provided to control the op-
eration of engine 12 and to implement a method for de-
tecting an air leak within engine 12 or the exhaust sys-
tem. Control system 14 includes distributorless ignition
system 54, an electric motor 55 for controlling throttle
plate 48, an ETC driver 56, exhaust gas sensors 60, 64,
a mass air flow sensor 68, a temperature sensor 70, a
throttle position sensor 72, a torque sensor 74, an en-
gine speed sensor 76, a pedal position sensor 78, an
accelerator pedal 80, and controller 58.

[0025] Mass air flow sensor 68 generates a signal in-
dicating the inducted mass air flow (AM) that is trans-
mitted to controller 58. Sensor 68 may be coupled to the
throttle body 46 or intake manifold 38. As discussed
above, if an air leak occurs downstream of sensor 68,
the inducted air flow into the engine cylinder will be
greater than the measured air flow (AM). In an alternate
embodiment (not shown), sensor 68 could be replaced
by a pressure sensor measuring a pressure in throttle
body 46 or intake manifold 38 where the air flow (AM)
is calculated based on the measured pressure.

[0026] Temperature sensor 70 generates a signal in-
dicating the engine coolant temperature (ECT) received
by controller 58. Sensor 70 may be coupled to cooling
jacket 71 in cylinder wall 32.

[0027] Throttle position sensor 72 generates a signal
indicating a throttle position (TP) of throttle plate 48 re-
ceived by controller 58 for closed-loop control of plate
48.

[0028] Torque sensor 74 generates a signal (TQ) that
may indicate one of following torque values: (i) an en-
gine crankshaft torque, ii) a transmission torque, such
as for example, a torque converter turbine torque or a
transmission output shaft torque, or (iii) an axle torque.
[0029] Engine speed sensor 76 may comprise a Hall
Effect sensor that generates a signal (N) indicating an
engine speed. Sensor 76 may be coupled to crankshaft
35 and transmits signal (N) to controller 58.

[0030] Vehicle speed sensor 79 is conventional in the
art and may be operably connected to a vehicle wheel
(not shown) or to a drive train (not shown) of vehicle 10.
Sensor 79 generates a signal (S) indicative of vehicle
speed that is transmitted to controller 58.

[0031] Accelerator pedal 80 is shown communicating
with a driver's foot 82. Pedal position sensor 78 gener-
ates a signal indicating acceleration pedal position (PP)
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that is transmitted to controller 58.

[0032] The controller 58 is provided to implement the
method for detecting an air leak within engine 12 or the
exhaust system in accordance with the present inven-
tion. The controller 58 includes a microprocessor 84
communicating with various computer-readable storage
media. The computer readable storage media prefera-
bly include non-volatile and volatile storage in a read-
only memory (ROM) 86 and a random-access memory
(RAM) 88. The computer readable media may be imple-
mented using any of a number of known memory devic-
es such as PROMs, EPROMs, EEPROMSs, flash mem-
ory or any other electric, magnetic, optical or combina-
tion memory device capable of storing data, some of
which represent executable instructions, used by micro-
processor 84 in controlling engine 12. Microprocessor
84 communicates with various sensors and actuators
(discussed above) via an input/output (I/O) interface 90.
Of course, the present invention could utilize more than
one physical controller to provide engine/vehicle control
depending upon the particular application.

[0033] Before discussing the method for detecting an
air leak in accordance with the present invention, the
signals utilized by the method will be discussed. Refer-
ring to Figure 2A, the signal FEGO generated by ex-
haust gas sensor 60 is illustrated. As discussed above,
the signal FEGO is indicative of an air-fuel ratio meas-
ured in exhaust gases from engine 12.

[0034] Referring to Figure 2B, the engine speed (N)
over time is illustrated.

[0035] Referring to Figure 2C, the a short term air-fuel
ratio correction value LAMBSE is utilized to adjusted the
fuel delivery the engine cylinders to adjust the fuel de-
livery to compensate for rich or lean fuelling errors as
detect by exhaust gas sensor 60. LAMBSE is generally
a proportional-integral value of output signal FEGO gen-
erated by sensor 60. LAMBSE is an average value of
unity when engine 12 is operating at stoichiometric and
there are not steady-state air/fuel errors or offsets. For

typical engine operation, LAMBSE ranges from
0.75-1.25.
[0036] Referringto Figure 2D, along term air fuel ratio

adaptive correction value, KAMRF is illustrated. The val-
ue KAMRF may be determined based on at least one
stored value in a table indexed by engine speed and
load, or air charge temperature. The correction values
LAMBSE and KAMREF are utilized in adjusting fuel de-
livery to engine 12 as follows:

Fuel_flow = AM* KAMRF /(14.65*LAMBSE)

[0037] It should be understood, however, alternate
and/or additional air-fuel correction values could be uti-
lized. For example, an air-fuel correction value based
on signal REGO indicative of an air/fuel ratio down-
stream of catalyst 52 could be utilized to calculate the
Fuel_flow.
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[0038] Referring to Figures 2A-2D, signals generated
when an air leak is detected in intake manifold 38 are
illustrated. It should be noted that air leaks in intake
manifold 38 are detected when engine 12 is operating
in idle operating mode. As shown, at time T=620 sec-
onds for example, the engine speed (N) is at an idle
speed.

[0039] Thereafter, signal FEGO indicates a lean air-
fuel ratio for an extended amount of time (e.g., time
T=620-645 seconds). In response, controller 58 begins
to adjust LAMBSE toward a richer air-fuel value and
KAMRF toward a richer air-fuel value. At time T=645
seconds, for example, when controller 58 determines
that (i) signal FEGO indicates a lean air-fuel ratio, (ii)
engine speed is at an idle speed, (iii) LAMBSE corre-
sponds to a rich air-fuel ratio, and (iv) KAMRF corre-
sponds to a rich air-fuel ratio---controller 58 indicates
that an air leak was detected in intake manifold 58.
[0040] Referring to Figures 3A-3D, signals generated
when an air leak is detected proximate to PCV valve 61
areillustrated. It should be noted that air leaks proximate
PCV valve 61 are detected when engine 12 is operating
in idle operating mode. As shown, at time T=617 sec-
onds for example, the engine speed (N) is at an idle
speed.

[0041] Thereafter, signal FEGO indicates lean air-fuel
ratio for an extended amount of time (e.g., time
T=618-645 seconds). In response, controller 58 begins
to adjust LAMBSE toward a relatively large rich air-fuel
value and adjusts KAMRF toward a relatively large rich
air-fuel value.

[0042] Attime T=645 seconds, when controller 58 de-
termines that (i) HEGO indicates a lean air-fuel ratio, (ii)
engine speed (N) is at an idle speed, (iii) LAMBSE cor-
responds to a relatively large rich air-fuel ratio, and (iv)
KAMREF corresponds to a relatively large rich air-fuel ra-
tio---controller 58 indicates that an air leak was detected
proximate PCV valve 61. It should be noted that the air
leak could occur if PCV valve 61 was not connected to
conduit 63 or a hole formed in conduit 63.

[0043] Referring to Figures 4A-4D, signals generated
when an air leak is detected proximate the exhaust sys-
tem coupled to engine 12 are illustrated. It should be
noted that air leaks in the exhaust system are detected
after a decelerating operating mode in a subsequentidle
operating mode of engine 12.

[0044] As shown, between times T=615-620 sec-
onds, engine 12 is in a deceleration operating mode and
after time T=620 seconds enters an idle speed operat-
ing mode. Further, signal FEGO indicates a lean air-fuel
ratio for an extended amount of time (e.g., time
T=620-645 seconds). In response, controller 58 begins
to adjust LAMBSE toward a rich air-fuel value and ad-
justs KAMRF toward a rich air-fuel value. At time T=645
seconds, when controller 58 determines that (i) HEGO
indicates a lean air-fuel ratio, (ii) engine speed (N) is at
an idle speed (after decelerating), (iii) LAMBSE corre-
sponds to a rich air-fuel ratio, and (iv) KAMRF corre-
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sponds to a rich air-fuel ratio controller 58 indicates that
an air leak was detected in the exhaust system of engine
12. In particular, controller 58 indicates that an air leak
occurred upstream of exhaust gas sensor 60 or proxi-
mate sensor 60.

[0045] Referring to Figure 5, a method 92 for detect-
ing an air leak within engine 12 or an exhaust system
coupled to engine 12 will now be explained. For pur-
posed of simplicity, the method 92 is described with ref-
erence to a vehicle 10 having a single intake manifold
38 and a single exhaust system. However, the method
92 can also be utilized with vehicles having dual intake
manifolds or dual exhaust systems by simply duplicating
the steps of method 92 for each respective intake man-
ifold or exhaust system.

[0046] At step 94, a determination is made as to
whether initial vehicle operating conditions are met for
detecting air leaks. In particular, controller 58 deter-
mines whether the engine coolant temperature (ECT),
the air charge temperature (ACT), and catalyst temper-
ature are above predetermined respective thresholds.
If the foregoing conditions are met and the value of step
94 equals "Yes", the step 96 is performed. Otherwise,
the method is exited.

[0047] At step 96, the weighting values X1, X2, X3,
X4, X5 are initialized to zero.

[0048] At step 98, the timers TMR1 and TMR2 are
stopped and reset. The timer TMR1 will be utilized to
determine an amount of time that engine 12 is in a de-
celeration operating mode. The timer TMR2 will be uti-
lized to determine an amount of time that engine 12 is
in an idle operating mode.

[0049] Next at step 100, a determination is made as
to whether engine 12 is operating in a deceleration op-
erating mode. Controller 58 may access an engine
speed/load table using engine speed (N) and air flow
rate (AM) to determine whether engine 12 is operating
in deceleration mode. If the value of step 100 equals
"Yes", the method advances to step 102. Otherwise, the
method re-executes step 100.

[0050] At step 102, a determination is made as to
whether signal FEGO is less than a predetermined volt-
age V,. Voltage V, represents a voltage corresponding
to alean air-fuel ratio, such as 0.4 Volts dc when sensor
60 comprises a HEGO sensor. If the value of step 102
equals "Yes", the method advances to step 104. Other-
wise, the method advances to step 112 explained below.
[0051] At step 104, timer TMR1 is either started or
continues to be incremented. TMR1 will be incremented
as long as engine 12 is in the deceleration operating
mode.

[0052] Next at step 106, a determination is made as
to whether timer TMR1 is greater than a threshold time
TrhResHoLD1- The time TryresHoLps May be equal to
10 seconds for example. If the value of step 106 equals
"No", the method returns to step 100. Otherwise, the
method advances to step 108 which sets value X1 ac-
cording to the following equation:
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[0053] Next at step 110, the timer TMR1 is stopped
and the method advances to step 112.

[0054] At step 112, a determination is made as to
whether engine 12 is operating in an idle operating
mode. Controller 58 may access an engine speed/load
table using engine speed (N) and air flow rate (AM) to
determine whether engine 12 is operating in idle mode.
If the value of step 112 equals "Yes", the method ad-
vances to step 114. Otherwise, the method returns to
step 112 waiting for engine 12 to enter idle mode.
[0055] At step 114, a determination is made as to
whether signal FEGO is less than predetermined volt-
age V, which represents a voltage corresponding to a
lean air-fuel ratio. If the value of step 114 equals "Yes",
the method advances to step 116. Otherwise, the meth-
od returns to step 96 to thereafter wait for another de-
celeration operating mode.

[0056] At step 116, timer TMR2 is either started or
continues to be incremented. TMR2 will be incremented
as long as engine 12 is in the idle operating mode.
[0057] Next at step 118, a determination is made as
to whether the value KAMRF corresponds to a rich air-
fuel ratio. If the value of step 118 equals "Yes", the step
120 sets the value X2 according to the following equa-
tion:

X2=2

and the method advances to step 122. Otherwise,
if the value of step 118 equals "No, the method also ad-
vances to step 122.
[0058] At step 122, a determination is made as to
whether the value LAMBSE corresponds to a rich air-
fuel ratio. If the value of step 122 equals "Yes", the step
124 set the value X3 using the following equation:

X3=3

and advances to step 126. Otherwise, if the value
of step 122 equals "No, the method also advances to
step 126.
[0059] Next, step 126 determines whether (i) value
KAMREF is greater than a threshold value C1 and (ii) val-
ue LAMBSE is less than a threshold value C2. The value
C1 corresponds to a relatively rich air-fuel ratio (for
KAMRF) and may have a value of 1.2 for example. The
value C2 corresponds to a relatively large rich air-fuel
ratio (for LAMBSE) and may have a value of 0.8 for ex-
ample. If the value of step 126 equals "Yes", the step
128 sets the value X4 using the following equation:

X4=4
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and the method advances to step 130. Otherwise,
if the value of step 126 equals "No", the method also
advances to step 130.
[0060] At step 130, a determination is made as to
whether timer TMR2 is greater than a threshold time
TtHRESHOLD2: The time TryresHoLD2 IS empirically de-
termined and may be equal to 20 seconds for example.
If the value of step 130 equals "Yes", the method ad-
vances to step 132. Otherwise, the method returns to
step 112.
[0061] At step 132, the value X5 is set using the fol-
lowing equation:

X5=5

[0062] Next at step 134, the timer TMR2 is stopped
and the method advances to step 136.

[0063] Atstep 136, avalue TOTAL_SUM is calculated
utilizing the following equation:

TOTAL_SUM = X1+ X2 + X3 + X4 + X5

[0064] Next at step 138, a determination is made as
to whether the value TOTAL_SUM is equal to the value
14. If the value of step 138 equals "Yes", the step 140
indicates that an air leak was detected proximate to PCV
valve 61 and the method is ended. Otherwise, the step
142 is performed.

[0065] At step 142, a determination is made as to
whether the value TOTAL_SUM is equal to the value 11.
If the value of step 142 equals "Yes", the step 144 indi-
cates that an air leak was detected in the exhaust sys-
tem of vehicle 10 and the method is ended. Otherwise,
the step 146 is performed.

[0066] At step 146, a determination is made as to
whether the value TOTAL_SUM is equal to the value 10.
If the value of step 146 equals "Yes", the step 148 indi-
cates that an air leak was detected in intake manifold
38 of engine 12 and the method is ended. Otherwise, if
the value of step 146 equals "No", the method is also
ended.

[0067] The system 14 and method for detecting air
leaks in an exhaust system provides a substantial ad-
vantage over conventional systems and methods. In
particular, the system and method can accurately detect
air leaks in an exhaust system by considering additional
engine air-fuel control parameters as compared to
known systems which only use an oxygen sensor signal.
In particular, the system utilizes air-fuel correction value
LAMBSE and air-fuel correction value KAMRF along
with an exhaust gas sensor output signal to detect when
the air leak occurs.

[0068] It will be appreciated by those skilled in the art
that the invention has been described by example with
reference to certain embodiments but that the invention
is not limited to the specific embodiments described
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herein and various modified embodiments could be con-
structed without departing from the scope of the ap-
pended claims.

Claims

1. Asystem (14) for detecting an air leak within an ex-
haust system (40, 52) communicating with an en-
gine (12) including an intake manifold (38) commu-
nicating with at least one combustion chamber (30)
of the engine (12), the system (14) comprising a first
sensor (68) generating a first signal indicative of
one of a mass air flow and a pressure in the intake
manifold, a second sensor (76) generating a sec-
ond signal indicative of an engine speed, a third
sensor (60) generating a third signal indicative of
an air-fuel ratio in exhaust gases from the engine
(12) and a controller (58) operably connected to the
first, second and third sensors (68, 76 and 60)
wherein the controller (58) is configured to deter-
mine when the engine (12) is operating in a low
speed, low load mode and when operating in such
a mode is further configured to determine when an
air leak is present in the exhaust system (40, 52)
based on the third signal and at least one air-fuel
correction value characterised in that the low
speed and low load mode is one of an idle operating
mode and a deceleration operating mode and the
controller (58) is operable to determine when the
engine is operating in one of the two modes based
on the first and second signals and that the system
is further operable to indicate the air leak is detected
in the exhaust system (40, 52) when the third signal
indicates a lean air-fuel ratio, a first short term air-
fuel correction value which compensates for fuelling
errors detected by the third sensor (60) corre-
sponds to arich air-fuel ratio and a second long term
air-fuel correction value which is based on at least
one stored value in a table indexed with reference
to one of engine speed and load or air charge tem-
perature corresponds to a rich air-fuel ratio.

2. A system as claimed in claim 1 wherein the third
sensor is an exhaust gas oxygen sensor (60).

3. A method for detecting an air leak within an exhaust
system (40, 52) communicating with an engine (12)
including an intake manifold (38) communicating
with at least one combustion chamber (30) of the
engine (12) wherein the method comprises meas-
uring an exhaust gas constituent in exhaust gases
from the engine (12) when the engine (12) is oper-
ating in a low speed, low load mode and determin-
ing when an air leak is present in the exhaust sys-
tem (40, 52) based on the measured exhaust gas
constituent and at least one air-fuel correction value
characterised in that the low speed, low load
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mode is an idle operating mode and the step of de-
termining when an air leak is present includes indi-
cating the air leak is detected in the exhaust system
(40, 52) when the measured exhaust gas constitu-
ent indicates a lean air-fuel ratio, a first short term
air-fuel correction value which compensates for
fuelling errors as detected by the third sensor (60)
corresponds to a rich air-fuel ratio and a second
long term air-fuel correction value which is based
on at least one stored value in a table indexed with
reference to one of engine speed and load or air
charge temperature corresponds to a rich air-fuel
ratio.

A method as claimed in claim 3 wherein the exhaust
gas constituent is oxygen.

A method as claimed in claim 3 orin claim 4 wherein
the first short term air-fuel correction value is deter-
mined based on a measured oxygen concentration
in the exhaust gases.

A method as claimed in any of claims 3 to 5 wherein
the method further comprises indicating that there
is an air leak in the intake manifold when the meas-
ured exhaust gas constituent indicates a lean air-
fuel ratio, the second value exceeds a respective
predetermined threshold and the third value is less
than a predetermined threshold.

An article of manufacture (58) comprising a compu-
ter storage medium (84, 86, 88) having a computer
program encoded therein for detecting an air leak
within an exhaust system (40, 52) communicating
with an engine (12) including an intake manifold
(38) communicating with at least one combustion
chamber (30) of the engine (12), the computer stor-
age medium (84, 86, 88) including code for deter-
mining a first value indicative of a lean air-fuel ratio
in exhaust gases from the engine (12) and code for
determining at least one air-fuel correction value for
the engine characterised in that the computer
storage medium further comprises code for deter-
mining a second value indicative of a first short term
air-fuel correction value which compensates for en-
gine fuelling errors, code for determining a third val-
ue indicative of a second long term air-fuel correc-
tion value for the engine which is based upon at
least one stored value in a table indexed by engine
speed and load or air charge temperature, code for
determining a fourth value when the second value
exceeds a respective predetermined threshold and
the third value is less than a predetermined thresh-
old and code for determining a fifth value when a
predetermined period of time has been exceeded
and code for summing the first, second, third, fourth
and fifth values to obtain a total value and code for
indicating that an air leak is present in the exhaust
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when the total value is equal to a predetermined
leak detection value.

An article of manufacture (58) as claimed in claim
7 wherein the computer medium further includes
code for indicating that an air leak is present in the
intake manifold (38) when the total value is equal to
a second predetermined leak detection value.

An article of manufacture (58) as claimed in claim
7 or in claim 8 in which the engine is provided with
a positive crankcase ventilation system (61, 63) and
the computer medium further includes code for in-
dicating that an air leak is present in the positive
crankcase ventilation system (61, 63) when the total
value is equal to a third predetermined leak detec-
tion value.

Patentanspriiche

1.

System (14) zum Erfassen eines Luftlecks inner-
halb eines Abgassystems (40, 52), das mit einem
Motor (12) verbunden ist, umfassend einen Einlass-
rohrverzweiger (38), der mit mindestens einer
Brennkammer (30) des Motors (12) kommuniziert,
wobei das System (14) einen ersten Sensor (68)
umfasst, der ein erstes Signal erzeugt, das entwe-
der einen Luftmassestrom oder einen Druck in dem
Einlassrohrverzweiger angibt, einen zweiten Sen-
sor (76), der ein zweites Signal erzeugt, das eine
Motordrehzahl angibt, einen dritten Sensor (60),
der ein drittes Signal erzeugt, das ein Luft-Kraft-
stoffgemischverhéltnis in Verbrennungsgasen des
Motors (12) anzeigt, und einen Controller (58), der
betrieblich mit dem ersten, zweiten und dritten Sen-
sor (68, 76 und 60) verbunden ist, wobei der Con-
troller (58) konfiguriert ist, um zu bestimmen, ob der
Motor (12) mit einer niedrigen Drehzahl, einem Nie-
derlastbetrieb lauft, und, wenn er in einem solchen
Betrieb lauft, ferner konfiguriert ist, um auf der
Grundlage des dritten Signals und mindestens ei-
nes Luft-Kraftstoffkorrekturwerts zu bestimmen, ob
ein Luftleck in dem Abgassystem (40, 52), gegen-
wartig ist, dadurch gekennzeichnet, dass der Be-
trieb mit niedriger Drehzahl und Niederlastbetrieb
entweder ein Leerlaufbetrieb oder ein Bremsbetrieb
ist, und dass der Controller (58) betrieben werden
kann, um zu bestimmen, ob der Motor in einer der
zwei Betriebsarten lauft, die auf dem ersten und
zweiten Signal basieren, und dass das System fer-
ner betrieben werden kann, um anzuzeigen, dass
das Luftleck in dem Abgassystem (40, 52) erfasst
wird, wenn das dritte Signal ein mageres Luft-Kraft-
stoffverhaltnis anzeigt, wobei ein erster kurzfristiger
Luft-Kraftstoffkorrekturwert, der die Kraftstoffzu-
fuhrfehler ausgleicht, die von dem dritten Sensor
(60) erfasst werden, einem reichhaltigen Luft-Kraft-
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stoffverhaltnis entspricht, und ein zweiter langfristi-
ger Luft-Kraftstoffkorrekturwert, der auf mindestens
einem Wert basiert, der in einer Tabelle gespeichert
ist, die unter Bezugnahme entweder auf die Motor-
drehzahl oder Last- oder Luftlasttemperatur inde-
xiert ist, einem reichhaltigen Luft-Kraftstoffverhalt-
nis entspricht.

System nach Anspruch 1, wobei der dritte Sensor
ein Abgassauerstoffsensor (60) ist.

Verfahren zum Erfassen eines Luftlecks innerhalb
eines Abgassystems (40, 52), das mit einem Motor
(12) kommuniziert, umfassend einen Einlassrohr-
verzweiger (38), der mit mindestens einer Brenn-
kammer (30) des Motors (12) kommuniziert, wobei
das Verfahren das Messen eines Abgasbestand-
teils in den Abgasen des Motors (12) umfasst, wenn
der Motor (12) in einer Betriebsart mit niedriger
Drehzahl und niedriger Last lauft, und das Bestim-
men auf der Grundlage des gemessenen Abgasbe-
standteils und mindestens eines Luft-Kraftstoffkor-
rekturwerts, ob ein Luftleck in dem Abgassystem
(40, 52) gegenwartig ist, dadurch gekennzeich-
net, dass die Betriebsart mit niedriger Drehzahl
und niedriger Last ein Leerlaufbetrieb ist, und dass
der Schritt des Bestimmens, wenn ein Luftleck ge-
genwartig ist, das Angeben des Erfassens des Luft-
lecks in dem Abgassystem (40, 52) umfasst, wenn
der gemessene Abgasbestandteil ein mageres
Luft-Kraftstoffverhaltnis anzeigt, wobei ein erster
kurzfristiger Luft-Kraftstoffkorrekturwert, der fir
Kraftstoffzufiihrungsfehler ausgleicht, die vom drit-
ten Sensor (60) erfasst werden, einem reichhalti-
gen Luft-Kraftstoffgemisch entspricht, und wobei
ein zweiter langfristiger Luft-Kraftstoffkorrektur-
wert, der auf mindestens einem Wert basiert, der in
einer Tabelle gespeichert ist, die unter Bezugnah-
me auf entweder die Motordrehzahl oder die Last
oder Luftlasttemperatur indexiert ist, einem reich-
haltigen Luft-Kraftstoffverhaltnis entspricht.

Verfahren nach Anspruch 3, wobei der Abgasbe-
standteil Sauerstoff ist.

Verfahren nach Anspruch 3 oder 4, wobei der erste
kurzfristige Luft-Kraftstoffkorrekturwert auf der
Grundlage einer in den Abgasen gemessenen Sau-
erstoffkonzentration bestimmt wird.

Verfahren nach einem der Anspriiche 3 bis 5, wobei
das Verfahren ferner das Anzeigen umfasst, dass
sich in dem Einlassrohrverzweiger ein Luftleck be-
findet, wenn der gemessene Abgasbestandteil ein
mageres Luft-Kraftstoffverhaltnis anzeigt, der zwei-
te Wert einen jeweiligen vorausbestimmten
Schwellenwert (berschreitet und der dritte Wert
kleiner ist als ein vorausbestimmter Schwellenwert.
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Produkt (58), das ein Computerspeichermittel (84,
86, 88) umfasst, das ein codiertes Computerpro-
gramm enthalt, um ein Luftleck innerhalb eines Ab-
gassystems (40, 52) zu erfassen, das mit einem
Motor (12) kommuniziert, der einen Einlassrohrver-
teiler (38) umfasst, der mit mindestens einer Brenn-
kammer (30) des Motors (12) kommuniziert, wobei
das Computerspeichermittel (84, 86, 88) einen Co-
de zum Bestimmen eines ersten Werts umfasst, der
ein mageres Luft-Kraftstoffverhaltnis in den Abga-
sen des Motors (12) anzeigt, und einen Code zum
Bestimmen mindestens eines Luft-Kraftstoffkorrek-
turwerts fir den Motor, dadurch gekennzeichnet,
dass das Computerspeichermittel ferner einen Co-
de umfasst, um einen zweiten Wert zu bestimmen,
der einen ersten kurzfristigen Luft-Kraftstoffkorrek-
turwert, der Motorkraftstoffzufihrungsfehler aus-
gleicht, anzeigt, einen Code zum Bestimmen eines
dritten Werts, der einen zweiten langfristigen Luft-
Kraftstofflcorrekturwert fiir den Motor anzeigt, der
auf mindestens einem in einer Tabelle gespeicher-
ten Wert basiert, die nach Motordrehzahl und Last
oder Luftlasttemperatur indexiert ist, einen Code
zum Bestimmen eines vierten Werts, wenn der
zweite Wert einen jeweiligen vorausbestimmten
Schwellenwert (berschreitet und der dritte Wert
kleiner ist als ein vorausbestimmter Schwellenwert,
und einen Code zum Bestimmen eines flinften
Werts, wenn eine vorausbestimmte Zeitspanne
Uberschritten wurde, und einen Code zum Summie-
ren des ersten, zweiten, dritten, vierten und fiinften
Werts, um einen Gesamtwert zu erzielen, und einen
Code, um anzuzeigen, dass ein Luftleck in dem Ab-
gassystem gegenwartig ist, wenn der Gesamtwert
gleich einem vorausbestimmten Leckerfassungs-
wert ist.

Produkt (58) nach Anspruch 7, wobei das Compu-
terspeichermittel ferner einen Code umfasst, um
anzuzeigen, dass ein Luftleck in dem Einlassrohr-
verteiler (38) gegenwartig ist, wenn der Gesamt-
wert gleich einem zweiten vorausbestimmten Lek-
kerfassungswert ist.

Produkt (58) nach Anspruch 7 oder Anspruch 8, wo-
bei der Motor mit einem Kurbelgehduse-Fremdbe-
lGftungssystem (61, 63) versehen ist, und das Com-
puterspeichermittel ferner einen Code umfasst, um
anzuzeigen, dass ein Luftleck in dem Kurbelgehdu-
se-Fremdbellftungssystem (61, 63) gegenwartig
ist, wenn der Gesamtwert gleich einem dritten vor-
ausbestimmten Leckerfassungswert ist.

Revendications

Systéme (14) pour détecter une fuite d'air a I'inté-
rieur d'un systéme d'échappement (40, 52) commu-
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niguant avec un moteur (12) comprenant un collec-
teur d'admission (38) communiquant avec au moins
une chambre de combustion (30) du moteur (12),
le systéeme (14) comprenant un premier capteur
(68) générant un premier signal indiquant un élé-
ment parmi un débit massique d'air et une pression
dans le collecteur d'admission, un deuxieme cap-
teur (76) générant un deuxiéme signal indiquant
une vitesse ou régime de moteur, un troisieme cap-
teur (60) générant un troisieme signal indiquant un
mélange air-carburant dans les gaz d'échappement
provenant du moteur (12) et une l'unité de contrdle
(58) connectée de maniére opérationnelle aux pre-
mier, deuxiéme et troisieme capteurs (68, 76 et 60),
dans laquelle I'unité de contréle (58) est configurée
de maniére a déterminer lorsque le moteur (12)
fonctionne a un mode de basse vitesse, a faible
charge, et lorsqu'il fonctionne avec ce mode, elle
est en outre configurée pour déterminer lorsqu'une
fuite d'air est présente dans le systéme d'échappe-
ment (40, 52) sur la base du troisiéme signal et au
moins une valeur de correction du mélange air-car-
burant, caractérisé en ce que le mode de basse
vitesse et a faible charge est un mode parmi le mo-
de de fonctionnement au ralenti et le mode de fonc-
tionnement de décélération et l'unité de controle
(58) peut étre actionnée pour déterminer lorsque le
moteur fonctionne dans I'un des deux modes sur la
base des premier et deuxiéme signaux et en ce que
le systéme peut étre en outre actionné pour indiquer
que la fuite d'air est détectée dans le systéme
d'échappement (40, 52) lorsque le troisieme signal
indique un mélange air-carburant pauvre, une pre-
miére valeur de correction a court terme du mélan-
ge air-carburant, qui compense les erreurs d'ali-
mentation en carburant détectées par le troisieme
capteur (60), correspond a un mélange air-carbu-
rant riche et une deuxiéme valeur de correction a
long terme du mélange air-carburant, qui s'appuie
sur au moins une valeur stockée dans un tableau
indexé faisant référence a un élément parmi la vi-
tesse et la charge du moteur ou la température de
la charge d'air, correspond a un mélange air-carbu-
rant riche.

Systéme selon la revendication 1, dans lequel le
troisieme capteur est un capteur de l'oxygene des
gaz d'échappement (60).

Procédé pour détecter une fuite d'air a l'intérieur
d'un systéme d'échappement (40, 52) communi-
quant avec un moteur, comprenant un collecteur
d'admission (38) communiquant avec au moins une
chambre de combustion (30) du moteur (12), dans
lequel le procédé comprend la mesure d'un consti-
tuant des gaz d'échappement dans des gaz
d'échappement provenant du moteur (12) lorsque
le moteur (12) fonctionne en un mode de basse vi-
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tesse et a faible charge et la détermination du mo-
ment auquel une fuite d'air est présente dans le sys-
teme d'échappement (40, 52) sur la base du cons-
tituant mesuré des gaz d'échappement et d'au
moins une valeur de correction du mélange air-car-
burant, caractérisé en ce que le mode de basse
vitesse et a faible charge est un mode de fonction-
nement au ralenti et I'étape de détermination du mo-
ment auquel une fuite d'air est présente comprend
l'indication selon laquelle la fuite d'air est détectée
dans le systeme d'échappement (40, 52) lorsque le
constituant mesuré des gaz d'échappementindique
un mélange air-carburant pauvre, une premiére va-
leur de correction a court terme du mélange air-car-
burant, qui compense les erreurs d'alimentation en
carburant telles que détectées par le troisieme cap-
teur (60), correspond a un mélange air-carburant
riche et une deuxieme valeur de correction a long
terme du mélange air-carburant, qui s'appuie sur au
moins une valeur stockée dans un tableau indexé
faisant référence a un élément parmi la vitesse et
la charge du moteur ou la température de la charge
d'air, correspond a un mélange air-carburant riche.

Procédé selon la revendication 3, dans lequel le
composant des gaz d'échappement est de I'oxyge-
ne.

Procédé selon la revendication 3 ou la revendica-
tion 4, dans lequel la premiére valeur de correction
a court terme du mélange air-carburant est déter-
minée sur la base d'une concentration mesurée
d'oxygéne dans les gaz d'échappement.

Procédé selon I'une quelconque des revendications
3 a 5, dans lequel le procédé comprend en outre
l'indication qu'il y a une fuite d'air dans le collecteur
d'admission lorsque le constituant mesuré des gaz
d'échappement indique un mélange air-carburant
pauvre, la deuxiéme valeur dépasse un seuil res-
pectif prédéterminé et la troisieme valeur est infé-
rieure a un seuil prédéterminé.

Article de fabrication (58) comprenant un support
de stockage informatique (84, 86, 88) ayant un pro-
gramme informatique codé a l'intérieur pour détec-
ter une fuite d'air a l'intérieur d'un systéme d'échap-
pement (40, 52) communiquant avec un moteur
(12) comprenant un collecteur d'admission (38)
communicant avec au moins une chambre de com-
bustion (30) du moteur (12), le support de stockage
informatique (84, 86, 88) comprenant un code pour
déterminer une premiére valeur indiquant un mé-
lange air-carburant pauvre dans les gaz d'échappe-
ment provenant du moteur (12) et un code pour dé-
terminer au moins une valeur de correction du mé-
lange air-carburant pour le moteur, caractérisé en
ce que le support de stockage informatique com-
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prend en outre un code pour déterminer une
deuxiéme valeur indiquant une premiere valeur de
correction a court terme du mélange air-carburant
qui compense les erreurs d'alimentation en carbu-
rant du moteur, un code pour déterminer une troi-
siéme valeur indiquant une deuxiéme valeur de cor-
rection a long terme du mélange air-carburant pour
le moteur, qui s'appuie sur au moins une valeur
stockée dans un tableau indexé par la vitesse et la
charge du moteur ou la température de charge de
I'air, un code pour déterminer une quatrieme valeur
lorsque la deuxiéme valeur dépasse un seuil pré-
déterminé respectif et la troisieme valeur est infé-
rieure a un seuil prédéterminé et un code pour dé-
terminer une cinquiéme valeur lorsqu'une période
de temps prédéterminée a été dépassée et un code
pour additionner les premiere, deuxiéme, troisieme,
quatrieme et cinquiéme valeurs pour obtenir une
valeur totale et un code pour indiquer qu'une fuite
d'air est présente dans les gaz d'échappement lors-
que la valeur totale est égale a une valeur de dé-
tection de fuite prédéterminée.

Article de fabrication (58) selon la revendication 7,
dans lequel le support informatique comprend en
outre un code pour indiquer qu'une fuite d'air est
présente dans le collecteur d'admission (38) lors-
que la valeur totale est égale a une deuxiéme valeur
de détection de fuite prédéterminée.

Article de fabrication (58) selon la revendication 7
ou larevendication 8, dans lequel le moteur est doté
d'un systéme de soupape de recyclage des gaz de
carter (61, 63) et le support informatique comprend
en outre un code pour indiquer qu'une fuite d'air est
présente dans le systéme de soupape de recyclage
des gaz de carter (61, 63) lorsque la valeur totale
est égale a une troisiéme valeur de détection de fui-
te prédéterminée.
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