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(54) Abnormality detecting apparatus for exhaust gas recirculation system for use in engine

(57) Disclosed is an abnormality detecting appara-
tus for an exhaust gas recirculation (EGR) system for an
engine. The EGR system (16) has a pressure respon-
sive valve (EGR valve: 18) which is actuated in
response to the negative pressure and atmospheric
pressure for controlling EGR, and a pressure regulating
valve (EVR valve: 19) which selectively supplies the
negative pressure or the atmospheric pressure to the
EGR valve (18) for its actuation. The EVR valve (19) has
a port (19a) communicating with the EGR valve (18), a
port (19b) for supplying the negative pressure and a
port (19¢) for supplying the atmospheric pressure. A fil-
ter (22) provided at the atmospheric air port (19¢c)
serves to prevent dust or mud from entering the EVR

valve (19). When the EGR valve (18) is to be open, the
EVR valve (19) is actuated to supply the negative pres-
sure to the EGR valve (18). When the EGR valve (18) is
to be closed, the EVR valve (19) is actuated to supply
the atmospheric pressure to the EGR valve (18). An
electronic control unit (ECU: 41) measures the required
time at the time of closing the EGR valve (18) from the
open state. When determining that the required time is
greater than a reference value, the ECU (41) detects an
abnormality in the EGR system (16) which has occurred
due to the excessively large permeability resistance of
the filter (22).
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Description

TECHNICAL FIELD

The present invention relates to an exhaust gas
recirculation (EGR) system for recirculating part of the
exhaust gas, which is discharged to an exhaust pas-
sage from individual combustion chambers in an
engine, to an intake passage and returning that gas into
the combustion chambers. More particularly, this inven-
tion relates to an abnormality detecting apparatus for an
EGR system for use in an engine, which had a pressure
responsive valve operable to control EGR in response
to a negative pressure and atmospheric pressure, and
which detects an abnormality associated with the
response characteristic of the pressure responsive
valve.

RELATED BACKGROUND ART

There are known EGR systems which are used in
Diesel engines, gasoline engines or the like. The EGR
systems recirculate part of the exhaust gas, which is
discharged to an exhaust passage from individual com-
bustion chambers, to an intake passage and return that
gas into the combustion chambers, thereby reducing
the nitrogen oxide (NO,) content in the exhaust gas.
One kind of EGR system controls EGR in accordance
with the running conditions of an engine.

Japanese Unexamined Patent Publication No. Hei
7-19127 discloses an EGR system provided in a Diesel
engine and is capable of adjusting the amount of EGR.
As shown in Figure 9, this EGR system has an EGR
passage 51 for permitting the exhaust gas to flow to the
air-intake passage from the exhaust passage and an
EGR valve 52 for controlling the amount of EGR in the
passage 51. The EGR valve 52 is a diaphragm valve,
which opens or closes in response to the selective
application of either negative pressure or atmospheric
pressure as the operation pressure. The EGR valve 52
has a housing 52b accommodating a diaphragm 52a, a
valve body 52¢ secured to the diaphragm 52a, and a
spring 52d for urging the valve body 52¢ in the direction
to close the EGR passage 51. This EGR system further
includes an electric vacuum regulating (EVR) valve 53,
which is electrically controlled to switch between the
negative pressure and atmospheric pressure to be sup-
plied into the housing 52b.

This EVR valve 53 is a three way valve having three
ports, namely an output port 53a to communicate with
the housing 52b, a negative pressure port 53b to com-
municate with the negative pressure source and an
atmospheric air port 53¢ to communicate with the
atmospheric air. In general, a filter 54 is provided in the
atmospheric air port 53c. This filter 54 prevents dust or
mud from entering the EVR valve 53 through the atmos-
pheric air port 53c. As the EVR valve 53 is electrically
enabled, the output port 53a and the negative pressure
port 53b are connected together to supply negative
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pressure to the housing 52b. Consequently, the dia-
phragm 52a deforms upward against the urging force of
the spring 52d to move the valve body 52¢ upward, thus
opening the EGR passage 51. As the EVR valve 53 is
electrically disabled, on the other hand, the output port
53a and the atmospheric air port 53¢ are connected
together to supply atmospheric pressure to the housing
52b. As a result, the diaphragm 52a deforms downward
by the urging force of the spring 52d to move the valve
body 52¢ downward. This closes the EGR passage 51.

The responsiveness of the EGR control in the
engine has more than a little influence on the engine’s
emissions The responsiveness of the EGR control
depends on the operational response of the EGR valve
52 and also on the operational response of the EVR
valve 53. To enhance the responsiveness of the EGR
control, therefore, great efforts have been and are still
being made to achieve mechanical improvements on
both valves 52 and 53 and on the method of controlling
the EVR valve 53.

The above filter 54 in the EVR valve 53, however,
tends to become clogged with dust, mud or the like. In
this case, the permeability resistance of the filter 54
increases so that the permeability resistance associ-
ated with the atmospheric air port 53¢ tends to become
abnormally high. With the permeability resistance of the
filter 54 increased, when the EVR valve 53 is disabled,
the responsiveness to a pressure change from the neg-
ative pressure to the atmospheric pressure in the output
port 53a deteriorates. This causes a delay in the supply
of the atmospheric pressure to the housing 52b in order
to close the EGR valve 52. Despite the mechanical
improvements on both valves 52 and 53, therefore, the
operational response of the EGR valve 52 or the close
response is impaired. The emission control of the
engine thus deteriorates.

The graph in Figure 10 shows the relationship
between the response time of a pressure change at the
output port 53a and the permeability resistance of the
filter 54 when the EVR valve 53 is disabled. The point at
"T11" and "R1" indicates the characteristic associated
with a new filter 54. The point at "T12" and "R2" indi-
cates the characteristic associated with the filter 54 nor-
mal enough not to adversely affect the operational
response of the EGR valve 52. The point at "T13" and
"R3" indicates the characteristic associated with the fil-
ter 54 in an abnormal state which adversely affects the
operational response of the EGR valve 52. As is appar-
ent from this graph, there is a clear and significant differ-
ence in the response times between the normal and the
abnormal permeability states.

There is another type of EGR system that may not
be provided with a filter in the atmospheric air port of the
EVR valve, which is directly connected to the air-intake
passage of an engine. When the permeability resist-
ance in the air-intake passage increases abnormally,
this structure may cause an abnormal increase in the
permeability resistance associated with the atmos-
pheric air port of the EVR valve.



3 EP 0 778 409 A2 4

Such an abnormal permeability resistance is very
difficult for people to detect and is likely to be over-
looked.

DISCLOSURE OF THE INVENTION

Accordingly, it is a primary objective of the present
invention to provide an abnormality detecting apparatus
for an EGR system in an engine that has a pressure
regulating valve (EVR valve) for selectively supplying
the operational negative pressure and atmospheric
pressure to a pressure responsive valve (EGR valve).
The apparatus can properly detect an abnormality in the
permeability resistance associated with an atmospheric
air port of the pressure regulating valve by monitoring
the operational response of the pressure responsive
valve.

To achieve the foregoing and other objects and in
accordance with the purpose of the present invention,
an abnormality detecting apparatus for exhaust gas
recirculation system for use in an engine is provided.
The system recirculates part of the exhaust gas dis-
charged to an exhaust passage from the engine to an
intake passage and returns the gas to the engine. The
system comprises a pressure responsive valve for reg-
ulating the gas recirculation, wherein the pressure
responsive valve selectively opens and closes in
response to negative pressure and atmospheric pres-
sure that is selectively supplied to the pressure respon-
sive valve, a pressure regulating valve for selectively
supplying the negative pressure and the atmospheric
pressure to the pressure responsive valve. The pres-
sure regulating valve has a first port, a second port and
a third port. The first port communicates with the pres-
sure responsive valve. The second port communicates
with a negative pressure source. The third port commu-
nicates with the atmosphere. The pressure regulating
valve is arranged to connect the first port with the sec-
ond port to supply the pressure responsive valve with
negative pressure to open the pressure responsive
valve and is arranged to connect the first port with the
third port to supply the pressure responsive valve with
atmospheric pressure to close the pressure responsive
valve. The apparatus is characterized by a computer for
detecting the abnormality. The computer measures a
response of the pressure responsive valve when the
pressure responsive valve regulated to close. The com-
puter detects that a permeability resistance associated
with the third port is high when the measured response
is less than a predetermined reference value, wherein
the high permeability resistance is the abnormality.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention, together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
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ferred embodiments together with the accompanying
drawings in which:

Figure 1 is a schematic structural diagram illustrat-
ing an engine system according to the first embodi-
ment;

Figures 2(a), 2(b) and 2(c) are timing charts show-
ing the behaviors of various parameters (PH,
XFEGR and CFQC);

Figure 3 is a flowchart illustrating an "EGR control
routine”;

Figure 4 it a flowchart illustrating an "abnormality
detecting routine”;

Figure 5 is a schematic structural diagram illustrat-
ing an engine system according to the second
embodiment;

Figures 6(a), 6(b) and 6(c) are timing charts show-
ing the behaviors of various parameters (LV,
XFEGR and CFQC);

Figure 7 is a flowchart illustrating an "EGR control
routine”;

Figure 8 is a flowchart illustrating an "abnormality
detecting routine”;

Figure 9 is a schematic structural diagram showing
a conventional EGR valve and EVR valve; and

Figure 10 is a graph showing the relationship
between the response time of a pressure change at
an output port of the conventional EVR valve and
the permeability resistance of a filter.

DESCRIPTION OF SPECIAL EMBODIMENTS

An abnormality detecting apparatus for an EGR
system for use in an engine according to the first
embodiment of the present invention as adapted for use
in a Diesel engine of an automobile will be now
described specifically with reference to the accompany-
ing drawings.

Figure 1 presents a schematic structural diagram
illustrating an engine system according to this embodi-
ment. An engine 1 has a plurality of cylinders, each
including a combustion chamber 2. In the suction stroke
of the engine 1, suction ports 3 provided in the respec-
tive cylinders are opened by intake valves 4, causing the
outside air, which is drawn into an air-intake passage 6
via an air cleaner 5, to flow into the individual combus-
tion chambers 2. Fuel injection nozzles 7 provided for
the respective cylinders inject fuel, supplied under pres-
sure by a fuel injection pump 8, into the associated com-
bustion chambers 2. In the compression stroke of the
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engine 1, the mixture of fuel and air in each combustion
chamber 2 is compressed by the upward movement of
an associated piston 9 to be combusted. This combus-
tion causes the piston 9 to move downward to turn a
crankshatft 10, thus giving driving power to the engine 1.
In the exhaust stroke of the engine 1, exhaust ports 11
respectively provided in the cylinders are opened by
exhaust valves 12. As a result, the exhaust gas pro-
duced in each combustion chamber 2 is supplied to an
exhaust passage 13 from which it is further discharged
outside.

A throttle valve 14 provided in the air-intake pas-
sage 6 operates to selectively open or close the air-
intake passage 6 in response to the manipulation of an
acceleration pedal 15. The actuation of this valve 14
adjusts the amount of air Q to be drawn into the air-
intake passage 6.

An exhaust gas recirculation (EGR) system 16
recirculates part of the exhaust gas, which is discharged
to the exhaust passage 13 from individual combustion
chambers 2, to the air-intake passage 6 and returns that
gas into the individual combustion chambers 2. This
EGR system 16 has an EGR passage 17 for permitting
part of the exhaust gas to flow to the air-intake passage
6 from the exhaust passage 13 and an EGR valve 18 for
controlling the amount of EGR in the passage 17. The
EGR valve 18 serving as a pressure responsive valve is
a diaphragm valve, which selectively opens or closes in
response to the selective application of negative pres-
sure or atmospheric pressure to the diaphragm. The
EGR valve 18 had a housing 18b accommodating a dia-
phragm 18a, a valve body 18c secured to the dia-
phragm 18a, and a spring 18d for urging the valve body
18¢ in the direction to close the EGR passage 17. This
EGR system 16 further includes an electric vacuum reg-
ulating (EVR) valve 19, which is electrically controlled to
switch between the negative pressure and atmospheric
pressure to be supplied into the housing 18b.

The EVR valve 19 serving as a pressure regulating
valve is a three way valve having three ports 19a, 19b
and 19¢. The output port 19a, the first port, communi-
cates with the housing 18b of the EGR valve 18 via a
communication passage 20. The negative pressure port
19b, the second port, communicates with a vacuum
pump 21 as a negative pressure source. The atmos-
pheric air port 19¢, the third port, communicates with
the atmospheric air via a filter 22. The filter 22 serves to
prevent dust or mud from entering the EVR valve 19
through the atmospheric air port 19¢.

As the EVR valve 19 is electrically enabled, the out-
put port 19a and the negative pressure port 19b are
connected together to supply negative pressure into the
housing 18b of the EGR valve 18. In the EGR valve 18,
the diaphragm 18a deforms upward against the urging
force of the spring 18d to move the valve body 18c
upward. As a result, the EGR passage 17 is opened.
That is, the EGR valve 18 is opened to let the exhaust
gas flow through the EGR passage 17 to be recirculated
into the air-intake passage 6 through which the exhaust
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gas is returned to the individual combustion chambers
2. In other words, EGR is executed. As the EVR valve
19 is electrically disabled, on the other hand, the output
port 19a and the atmospheric air port 19¢ are con-
nected together to supply atmospheric pressure to the
housing 18b. In the EGR valve 18, the diaphragm 18a
deforms downward by the urging force of the spring 18d
to move the valve body 18c¢ downward. This action
closes the EGR passage 17. That is, the EGR valve 18
is closed to stop the flow of the exhaust gas in the EGR
passage 17, or the execution of EGR is stopped.

The fuel injection pump 8, which is of a well known
distribution type, supplies fuel to be combusted in each
combustion chamber 2 to each injection nozzle 7. The
injection pump 8 compresses the fuel retained in a fuel
tank (not shown) to a highly pressurized state and sup-
plies the proper amount of fuel under high pressure to
the individual injection nozzles 7 at the desired timing.
Each injection nozzle 7 operates based on the pressure
of the pressurized fuel to inject the fuel to the associated
combustion chamber 2. A governor (not shown) incor-
porated in the injection pump 8 adjusts the amount of
fuel to be pumped out from the pump 8 each time. A
timer (not shown) likewise incorporated in the injection
pump 8 controls the start timing and end timing for the
fuel discharge from the pump 8. The governor and timer
are electrically controlled. A drive shaft 8a of the injec-
tion pump 8 is coupled to the crankshaft 10 of the
engine 1. The injection pump 8 is driven in response to
the operation of the engine 1.

An air-flowmeter 31 provided near the air cleaner 5
detects the amount of intake air Q to be supplied into
the air-intake passage 6 and outputs a signal corre-
sponding to that amount. An air temperature sensor 32
provided in the vicinity of the air-flowmeter 31 detects
the temperature of air (air temperature) THA to be sup-
plied to the air-intake passage 6 and outputs a signal
corresponding to the detected temperature. A throttle
sensor 33 provided near the throttle valve 14 detects the
angle (opening) of the valve 14 as an acceleration pedal
angle ACCP or the amount of the manipulation of the
acceleration pedal 15 and outputs a signal correspond-
ing to that angle. This sensor 33 incorporates a known
idle switch (not shown). When the throttle valve 14 is
fully closed, i.e., when the acceleration pedal 15 is not
manipulated, this idle switch is set "ON" and outputs an
idle signal IDL indicative of the fully-closed state. A
manifold pressure sensor 34, which is provided in the
air-intake passage 6, detects the manifold pressure PM
in the air-intake passage 6 and outputs a signal corre-
sponding to the manifold pressure. An engine speed
sensor 35 provided at the injection pump 8 indirectly
detects the rotational speed of the crankshaft 10
(engine speed), NE, and outputs a signal corresponding
to the engine speed.

A pressure sensor 36 provided in the communica-
tion passage 20 between the EGR valve 18 and the
EVR valve 19 detects the internal pressure PH in the
housing 18b and outputs a signal corresponding to that
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pressure.

A diagnostic lap 30 provided at the instrument
panel (not shown) close to the driver's seat (not shown)
in the vehicle serves to inform the driver of an abnormal-
ity in the EGR system 16.

An electronic control unit (ECU) 41 receives signals
output from the aforementioned various kinds of sen-
sors 31 to 36. Based on those signals, the ECU 41 con-
trols the injection pump 8, the EVR valve 19 and the
diagnostic lamp 30.

The ECU 41 includes a central processing unit
(CPU) 42, a read only memory (ROM) 43, a random
access memory (RAM) 44, and a backup RAM 45. The
ECU 41 has those components 42 to 45 connected to,
among other things, an input interface circuit 46 and an
output interface circuit 47 by a bus 48, thus constituting
an arithmetic logic unit. The CPU 42 has a function to
control arithmetic operations and a function as a coun-
ter. Predetermined control programs are previously
stored in the ROM 43. The RAM 44 temporarily stores
the results of the operations performed by the CPU 42.
The backup RAM 45 retains prestored data. The input
interface circuit 46 includes a buffer, a wave shaper and
an A/D converter, and the output interface circuit 47
includes a drive circuit. The aforementioned various
sensors 31-36 are connected to the input interface cir-
cuit 46. The injection pump 8, the EVR valve 19 and the
diagnostic lamp 30 are connected to the output inter-
face circuit 47.

The CPU 42 reads the signals, as input values,
from the various sensors 31-36, which are input via the
input interface circuit 46. Based on the input values, the
CPU 42 properly controls the driving of the injection
pump 8, the EVR valve 19 and the diagnostic lamp 30 to
execute various controls, such as the fuel injection con-
trol, EGR control and abnormality detection control
associated with the EGR system.

The fuel injection control In this embodiment con-
trols the amount of fuel to be pumped out from the injec-
tion pump 8 and the pump-out timing in accordance with
the running conditions of the engine 1. The EGR control
actuates the EGR valve 18 by controlling the EVR valve
19 in accordance with the running conditions of the
engine 1 to thereby adjust the amount of EGR.

A description will be now given of the procedures
for the EGR control and the abnormality detection con-
trol associated with the EGR system 16 among various
controls that are performed by the ECU 41. The control
programs that are associated with various routines illus-
trated in the flowcharts in Figures 3 and 4, which will be
discussed later, are previously stored in the ROM 43.

Figure 3 presents the flowchart that illustrates an
"EGR control routine” for executing the EGR control.
The ECU 41 periodically performs this routine at prede-
termined intervals.

In step 100, the ECU 41 reads the amount of intake
air Q, the engine speed NE and the internal pressure
PH based on the detection signals from the sensors 31,
35 and 36 respectively.
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In step 110, the ECU 41 determines based on the
value NE if the running condition of the engine 1
matches with the condition for executing EGR. When
this condition is not met, the ECU 41 proceeds to step
120.

In step 120, the ECU 41 deactivates the EVR valve
19 to close the EGR valve 18 to thereby stop EGR. At
the same time, the ECU 41 sets an execution flag
XFEGR for EGR to "0" and temporarily terminates the
subsequent processing.

When the execution condition is satisfied in step
110, on the other hand, the ECU 41 moves to step 130
where the ECU 41 activates the EVR valve 19 to open
the EGR valve 18 for the execution of EGR. In this
embodiment, the ECU 41 fully opens the EGR valve 18.
At the same time, the ECU 41 sets the execution flag
XFEGR for EGR to "1". The execution of EGR in this
manner permits part of the exhaust gas to return to
each combustion chamber 2 to thereby improve the
combustion in each combustion chamber 2. This
reduces the nitrogen oxide (NO,) content in the exhaust
gas discharged from each combustion chamber 2, thus
improving the emissions.

In step 140, the ECU 41 determines if the currently
read internal pressure PH is equal to or greater than a
predetermined reference value P1. In this embodiment,
the internal pressure PH and the reference value P1
both show negative pressures, so that the ECU 41 com-
pares the negative pressure levels of the internal pres-
sure PH and the reference value P1 with each other.
When the internal pressure PH is smaller than the refer-
ence value P1, the negative pressure supplied into the
housing 18b of the EGR valve 18 is relatively small. The
ECU 41 therefore determines that the EGR valve 18 is
not sufficiently open, and proceeds to step 150. In step
150, the ECU 41 sets an examination flag XFFC to "0"
indicating that examination of the EVR valve 19 associ-
ated with the permeability resistance of the filter 22 is
not performed, and then temporarily terminates the sub-
sequent processing.

If the internal pressure PH is equal to or greater
than the reference value P1 in step 140, however, the
negative pressure supplied into the housing 18b of the
EGR valve 18 is relatively large. The ECU 41 therefore
determines that the EGR valve 18 is sufficiently open,
and proceeds to step 160. In step 160, the ECU 41 sets
the examination flag XFFC to "1" indicating that the
examination associated with the filter 22 should be per-
formed, and then temporarily terminates the subse-
quent processing.

According to this routine, the examination associ-
ated with the filter 22 is permitted only during execution
of EGR and when the EGR valve 18 is sufficiently open.

Figure 4 presents the flowchart that illustrates an
"abnormality detecting routine” for detecting an abnor-
mality in the EGR system 16, particularly, an abnormal-
ity associated with the filter 22 based on the flags
XFEGR and XFFC. The ECU 41 periodically performs
this routine at predetermined intervals.
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In step 200, the ECU 41 determines if the examina-
tion flag XFFC is "1". When the examination flag XFFC
is "0", which means that the filter 22 is not to be exam-
ined, the ECU 41 proceeds to step 210. In this step 210,
the ECU 41 resets a count value CFC for examination to
"0" and then temporarily terminates the subsequent
processing This count value CFC indicates the time
from the point at which the closing of the EGR valve 18
has started.

When the examination flag XFFC is "1" in step 200,
the ECU 41 further determines if the execution flag
XFEGR is "0" at step 220. When the execution flag
XFEGR is "1", which means that EGR is being per-
formed, the ECU 41 executes the process in step 210
and then temporarily terminates the subsequent
processing. When the execution flag XFEGR is "0", the
ECU 41 determines that the examination of the filter 22
is permitted or the EGR valve 18 has closed from the
fully-open state and goes to step 230.

In step 230, the ECU 41 increments the required
time from the point at which the closing of the EGR
valve 18 has started, or the count value CFC reflecting
the close responsiveness of the EGR valve 18 by "1".

In the next step 240, the ECU 41 determines if the
count value CFC is equal to or greater than a reference
value T1. This reference value T1, which has previously
been determined through experiments, indicates that
the permeability resistance of the filter 22 is abnormally
large due to the clogging of the filter 22. When the count
value CFC is smaller than the reference value T1, the
ECU 41 proceeds to step 250.

In step 250, the ECU 41 determines if the internal
pressure PH is equal to or smaller than a predetermined
reference value P2. When the internal pressure PH is
greater than the reference value P2, the negative pres-
sure supplied into the housing 18b is relatively large.
The ECU 41 therefore determines that the EGR valve
18 is not sufficiently closed, and then temporarily termi-
nates the subsequent processing.

When the internal pressure PH is equal to or
smaller than the reference value P2, on the other hand,
the negative pressure supplied into the housing 18b of
the EGR valve 18 is relatively small. This means that the
EGR valve 18 is sufficiently closed before the count
value CFC reaches the reference value T1, and that the
permeability resistance of the filter 22 connected to the
atmospheric air port 19¢ of the EVR valve 19 is suffi-
ciently small. The ECU 41 thus determines that the filter
22 is not badly clogged, i.e., that the permeability resist-
ance of the filter 22 is not too large and proceeds to step
260.

In step 260, the ECU 41 resets the examination flag
XFFC to "0". In the next step 261, the ECU 41 turns off
the diagnostic lamp 30. In step 262, the ECU 41 saves
a normal code indicating that the filter 22 is normal and
the close responsiveness of the EGR valve 18 is normal
into the backup RAM 45, and then temporarily termi-
nates the subsequent processing.

When the count value CFC is equal to or greater
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than the reference value T1 in step 240, the EGR valve
18 is not sufficiently closed when the count value CFC
reaches the reference value T1. The ECU 41 thus deter-
mines that the filter 22 has been badly clogged and its
permeability resistance is too large, and then it pro-
ceeds to step 270.

In step 270, the ECU 41 resets the examination flag
XFFC to "0". The ECU 41 then turns on the diagnostic
lamp 30 to inform the driver of an abnormality in the filter
22 in step 271. In step 272, the ECU 41 determines that
the close responsiveness of the EGR valve 18 has
degraded due to the abnormality of the filter 22. The
ECU 41 saves an abnormal code indicating that event in
the backup RAM 45, and then it temporarily terminates
the subsequent processing.

The timing charts in Figures 2(a), 2(b) and 2(c)
show the behaviors of the individual parameters PH,
XFEGR and CFC.

With the EGR valve 18 fully open, when EGR is
stopped at time t1 and the execution flag XFEGR
changes to "0" from "1", the increment of the count
value CFC starts.

When the permeability resistance of the filter 22 is
normal thereafter, the internal pressure PH becomes
lower than the reference value P2 at time t2 and 13
before the count value CFC reaches the reference value
T1. Accordingly, the filter 22 is determined to be normal
at this point of time.

When the permeability resistance of the filter 22 is
abnormal, on the other hand, the internal pressure PH
becomes higher than the reference value P2 at time #4
even if the count value CFC reaches the reference value
T1. Accordingly, the filter 22 is determined to be abnor-
mal at this point of time.

According to the structure of this embodiment, as
discussed above, the output port 19a of the EVR valve
19 and the atmospheric air port 19¢ are coupled
together with the EGR valve 18 opened. Consequently,
the atmospheric pressure is supplied into the housing
18b of the EGR valve 18 to close this valve 18. Suppose
that the filter 22 connected to the atmospheric air port
19c¢ in this structure has been badly clogged so its per-
meability resistance is abnormally increased. In this
case, the supply of atmospheric pressure into the hous-
ing 18b is delayed as indicated by the broken line in Fig-
ure 2(a). Accordingly, the time from the point at which
the closing of the EGR valve 18 has started becomes
larger than the standard value.

The ECU 41 measures the required time as the
count value CFC and compares the count value CFC
with the predetermined reference value T1. When the
count value CFC is greater than the reference value T1,
the ECU 41 determines that the permeability resistance
of the filter 22 associated with the EVR valve 19 is
excessively large.

In this structure, the time required at the time the
EGR valve 18 is closed depends on the delay of the
supply of the atmospheric pressure to the housing 18b.
This delay is originated from a response delay until the
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action of the atmospheric pressure reaches the output
port 19a from the atmospheric air port 19¢ when the
output port 19a is switched to the atmospheric air port
19¢ from the negative pressure port 19b, i.e,, it is origi-
nated from the abnormal permeability resistance of the
filter 22.

Even if the abnormally high permeability resistance
of the filter 22 is unnoticed, such an abnormal increase
is properly determined by monitoring the operational
response of the EGR valve 18. ltis therefore possible to
easily and properly detect the abnormal permeability
resistance of the filter 22 associated with the EVR valve
19.

According to this embodiment, the diagnostic lamp
30 is turned on when the abnormal permeability resist-
ance of the filter 22 is detected. This allows the driver to
quickly notice the abnormality. When the bad filter 22 is
replaced, the close responsiveness of the EGR valve 18
will be set back to the normal state. In this sense, this
embodiment can quickly cope with the deterioration of
the emissions of the engine 1.

According to this embodiment, when the abnormal
permeability resistance of the filter 22 is detected, this
event is stored as an abnormal code in the backup RAM
45. As a worker reads data from the backup RAM 45
when inspecting the engine 1, the worker can check the
history of an abnormality in the filter 22. In this sense, it
is possible to replace the filter 22 with a new one at the
proper time and to cope with the deterioration of the
emissions of the engine 1 quickly.

An abnormality detecting apparatus for an EGR
system for use in an engine according to the second
embodiment of this invention will be now described spe-
cifically with reference to the accompanying drawings.
To avoid a redundant description, like or same reference
numerals are given to those components which are the
same as the corresponding components of the first
embodiment. The following description will be centered
particularly on the differences between the second
embodiment and the first embodiment.

Figure 5 presents a schematic structural diagram
illustrating a Diesel engine system according to this
embodiment. As apparent from this figure, in compari-
son with Figure 1, the EGR valve 18 is provided with a
lift sensor 37 instead of the pressure sensor 36 to detect
the amount of lift LV as the actuation amount (opening)
of the valve body 18c. The lift amount LV of the valve
body 18c in the EGR valve 18 correlates with the inter-
nal pressure (negative pressure) PH of the housing 18b.
Therefore, the abnormal permeability resistance of the
filter 22 can be determined by causing the ECU 41 to
monitor a change in the lift amount LV detected by the
lift sensor 37 when the EGR valve 18 is closed.

The flowchart in Figure 7 shows an "EGR control
routine” in this embodiment, which corresponds with the
routine in Figure 3. The individual steps 110-130, 150
and 160, excluding steps 300 and 340, are the same as
the corresponding steps in the routine in Figure 3. The
differences lie in that the ECU 41 reads the lift amount
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LV instead of the internal pressure PH in step 300 and
the ECU 41 compares the lift amount LV with a prede-
termined reference value L1 instead of comparing the
internal pressure PH with the reference value P1 in step
340.

The flowchart in Figure 8 shows an "abnormality
detecting routine” in this embodiment, which corre-
sponds with the routine in Figure 4. The individual steps
200-240, 260-262 and 270-272, excluding step 450, are
the same as the corresponding steps in the routine in
Figure 4. The difference lies in that the ECU 41 com-
pares the lift amount LV with a predetermined reference
value L2 instead of comparing the internal pressure PH
with the reference value P2 in step 450.

The timing charts In Figures 6(a), 6(b) and 6(c), like
those in Figure 2, show the behaviors of various param-
eters in this embodiment. Figures 6(b) and 6(c) are sub-
stantially the same as Figures 2(b) and 2(c), while
Figure 6(a) shows a change in the lift amount LV instead
of a change in the internal pressure PH as in Figure
2(a). It is apparent that a change in the lift amount LV at
an abnormal time in Figure 6(a) is slightly faster than a
change in the internal pressure PH at an abnormal time
in Figure 2(a).

This embodiment can therefore have actions and
advantages equivalent to those of the first embodiment.

Although only two embodiments of the present
invention have been described herein, it should be
apparent to those skilled in the art that the present
invention may be embodied in many other specific
forms without departing from the spirit or scope of the
invention. Particularly, it should be understood that this
invention may be embodied in the following forms.

In the first and second embodiments, an abnormal-
ity in the filter 22 is determined by monitoring the
response of the EGR valve 18 when the EGR valve 18
is closed from the fully-open state. Alternatively, an
abnormality in the filter 22 may be determined by moni-
toring an intermediate response of the EGR valve 18
when the EGR valve 18 is closed to a predetermined
angle from the fully-open state.

Although the invention is adapted for use in a Diesel
engine system according to the first and second embod-
iments, the invention may be adapted for use in a gaso-
line engine system.

In the first and second embodiments, the abnormal
permeability resistance of the filter 22 is detected as the
abnormal permeability resistance which is associated
with the atmospheric air port 19¢ of the EVR valve 19. If
the atmospheric air port is connected to the air-intake
passage, the abnormal permeability resistance of the
air-intake passage may be detected as the abnormal
permeability resistance associated with the atmos-
pheric air port.

In the first and second embodiments, the vacuum
pump 21 is used as the negative pressure source. Alter-
natively, the proper portion of the air-intake passage
where negative pressure is generated when the engine
runs may be treated as the negative pressure source, in
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which case the negative pressure port of the EVR valve
is connected to that portion.

Therefore, the present examples and embodiments
are to be considered as illustrative and not restrictive
and the invention is not to be limited to the details given
herein, but may be modified within the scope of the
appended claims.

Disclosed is an abnormality detecting apparatus for
an exhaust gas recirculation (EGR) system for an
engine. The EGR system (16) has a pressure respon-
sive valve (EGR valve: 18) which is actuated in
response to the negative pressure and atmospheric
pressure for controlling EGR, and a pressure regulating
valve (EVR valve: 19) which selectively supplies the
negative pressure or the atmospheric pressure to the
EGR valve (18) for its actuation. The EVR valve (19) has
a port (19a) communicating with the EGR valve (18), a
port (19b) for supplying the negative pressure and a
port (19¢) for supplying the atmospheric pressure. A fil-
ter (22) provided at the atmospheric air port (19¢c)
serves to prevent dust or mud from entering the EVR
valve (19). When the EGR valve (18) is to be open, the
EVR valve (19) is actuated to supply the negative pres-
sure to the EGR valve (18). When the EGR valve (18) is
to be closed, the EVR valve (19) is actuated to supply
the atmospheric pressure to the EGR valve (18). An
electronic control unit (ECU: 41) measures the required
time at the time of cloning the EGR valve (18) from the
open state. When determining that the required time is
greater than a reference value, the ECU (41) detects an
abnormality in the EGR system (16) which has occurred
due to the excessively large permeability resistance of
the filter (22).

Claims

1. An abnormality detecting apparatus for exhaust gas
recirculation system (16) for use in an engine (1),
wherein said system (16) recirculates part of the
exhaust gas discharged to an exhaust passage (13)
from the engine (1) to an intake passage (6) and
returns the gas to the engine (1), said system (16)
comprising a pressure responsive valve (18) for
regulating the gas recirculation, wherein said pres-
sure responsive valve (18) selectively opens and
closes in response to negative pressure and atmos-
pheric pressure that is selectively supplied to the
pressure responsive valve (18), a pressure regulat-
ing valve (19) for selectively supplying the negative
pressure and the atmospheric pressure to the pres-
sure responsive valve (18), wherein said pressure
regulating valve (19) has a first port (19a), a second
port (19b) and a third port (19¢), wherein said first
port (19a) communicates with the pressure respon-
sive valve (18), said second port (19b) communi-
cates with a negative pressure source (21), and
said third port (19¢) communicates with the atmos-
phere, wherein said pressure regulating valve (19)
is arranged to connect the first port (19a) with the
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second port (19b) to supply the pressure respon-
sive valve (18) with negative pressure to open the
pressure responsive valve (18) and is arranged to
connect the first port (19a) with the third port (19¢)
to supply the pressure responsive valve (18) with
atmospheric pressure to close the pressure
responsive valve (18), wherein said apparatus is
characterized by a computer (41) for detecting the
abnormality, and wherein the computer (41) meas-
ures a response of the pressure responsive valve
(18) when the pressure responsive valve (18) regu-
lated to close, wherein the computer (41) detects
that a permeability resistance associated with the
third port (19¢) is high when the measured
response is less than a predetermined reference
value, and wherein said high permeability resist-
ance is the abnormality.

2. The apparatus according to Claim 1 characterized
by that:

a first sensor (36, 37) serves to determine
whether the pressure responsive valve (18) is
closed;

the computer (41) measures time from the
point at which the closing of the pressure
responsive valve (18) has started; and

the computer (41) determines that the permea-
bility resistance is high when the measured
time meets a predetermined value before it is
determined that the pressure responsive valve
(18) is fully closed.

3. The apparatus according to Claim 2 characterized
by that:

a second sensor (31) serves to detect an
amount of air drawn into the engine (1) through
the intake passage (6);
a third sensor (35) detects the rotational speed
of the engine (1);

wherein the computer(41) controls the
pressure regulating valve (19) based on the
detected air amount and the detected rotational
speed; and
the computer (41) determines that the pressure
responsive valve (18) has started to close
when the computer (41) controls the pressure
regulating valve (19) such that the pressure
responsive valve (18) is supplied with atmos-
pheric pressure from a state where the pres-
sure responsive valve (18) is supplied with
negative pressure.

4. The apparatus according to Claim 2 or 3 character-
ized by that the first sensor includes a pressure
sensor (36) for detecting negative pressure sup-
plied into the pressure responsive valve (18).
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The apparatus according to Claim 2 or 3 character-
ized by that the first sensor includes a lift sensor
(37) for detecting a amount of lift of the pressure
responsive valve (18).

The apparatus according to any one of the preced-
ing Claims characterized by that an air filter (22) is
provided on the third port (19¢), wherein the atmos-
pheric air is introduced to the third port (19¢) by way
of the air filter (22).

The apparatus according to any one of the preced-
ing Claims characterized by that the system (16)
includes a EGR passage (17) for permitting part of
the exhaust gas to flow to the intake passage (6)
from the exhaust passage (13) and the pressure
responsive valve (18), wherein the pressure
responsive valve (18) selectively opens and closes
the EGR passage (17) to regulate the exhaust gas
flowing through the passage (17).

The apparatus according to Claim 7 characterized
by that the pressure responsive valve includes a
diaphragm type EGR valve (18), wherein the EGR
valve (18) has a housing (18b) accommodating a
diaphragm (18a), a valve body (18c¢) secured to the
diaphragm (18a) and a spring (18d) for urging the
valve body (18c) in a direction to close the EGR
passage (17), wherein the housing (18b) is selec-
tively communicated with negative pressure and
atmospheric pressure to move the diaphragm
(18a).

The apparatus according to Claim 8 characterized
by that the pressure regulating valve includes an
electric vacuum regulating valve (19), which is elec-
trically controlled to switch between the negative
pressure and atmospheric pressure to be supplied
into the housing (18b) of the pressure responsive
valve (18) to switch communication of the first port
(19a) between the second port (19b) and the third
port (19¢), wherein the first port (19a) is connected
with the housing (18b) of the pressure responsive
valve (18).

The apparatus according to any one of preceding
Claims characterized by a warning device (30) to
warn of the abnormality when the computer (41)
detects the abnormality.

The apparatus according to any one of preceding
Claim characterized by further including a backup
memory (45) to retain an abnormal code when the
computer (41) detects the abnormality.

The apparatus according to any one of preceding
Claim characterized by that the computer forms
part of an electronic control unit (41) having an
input signal circuit (46), a memory (43, 44, 45), an
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operation circuit (42) and an output signal circuit
(47).

13. The apparatus according to any one of preceding

Claims characterized by that the engine is a Diesel
engine (1).
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