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(54) Apparatus and method for diagnosing fuel supply system of internal combustion engine

(57)  Apparatus and method for diagnosing a fuel
supply system of an internal combustion engine wherein
a compensation amount (qcy) for each cylinder is deter-
mined on the basis of a deviation (DNE) of an actual
operating state of the engine with respect to a desired
operating state thereof, and the fuel supply system is
feedback-controlled by compensating a commanded
value (QFIN) of a quantity of injection of a fuel by the
fuel supply system into the internal combustion engine,
according to the compensation amount. The apparatus

and method include respectively include a diagnosing
device (52) and a diagnostic step for effecting a diag-
nostic compulsory adjustment (in steps S590 and S600)
of an operating condition of the fuel supply system for
each cylinder when the absolute value of the compen-
sation amount (qcy) exceeds a predetermined threshold
(A) (when affirmative decision is obtained in step S550),
and for diagnosing the fuel supply system on the basis
of a speed variation of the engine cause by the adjust-
ment.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an apparatus
and a method for diagnosing a fuel supply system of an
internal combustion engine, which is feed-back control-
led by compensating a commanded value of a quantity
of fuel supply to the engine according to a compensation
amount determined on the basis of a deviation of an ac-
tual operating state of the engine with respect to a de-
sired operating state of the engine, so that the engine is
operated in the desired operating state.

Description of Related Art

[0002] JP-B2-2907001 discloses an apparatus ar-
ranged to lean-burn combustion of a lean-burn gasoline
engine and diagnose the engine for abnormality, such
that each cylinder of the engine is diagnosed for its com-
bustion state by detecting a variation of a rotation speed
of the engine, and the fuel supply to each cylinder is
compensated so as to reduce the fuel concentration in
each cylinder in a good combustion state, and increase
the fuel concentration in each cylinder in a poor com-
bustion state. This apparatus is further arranged to
check if the compensation of the air/fuel ratio of an air-
fuel mixture to increase the fuel concentration has been
implemented more than a predetermined number of
times, for any of the cylinders of the engine, and deter-
mine that the fuel supply system or an ignition system
is defective, for each cylinder for which the compensa-
tion has been implemented more than the predeter-
mined number of times.

[0003] Thus, the known apparatus described above
is arranged to determine that a given cylinder of the en-
gine is defective, where the fuel supply quantity of that
cylinder cannot be controlled in a feedback fashion. Ac-
cording to this apparatus, a cylinder to which the fuel
supply is completely stopped due to sticking of a fuel
injection valve in its closed position, the commanded
value of the fuel supply quantity of that cylinder is con-
tinuously compensated so as to increase the air/fuel ra-
tio, so that this cylinder is diagnosed to be defective. On
the other hand, the feedback control in some specific
operating conditions of the engine, for example, during
idling of the engine, may permit normal fuel supply to a
given cylinder whose fuel injection valve suffers from
leakage of the fuel due to poor seating of its valve body
or deterioration of its function of adjusting its opening
time caused by an increased sliding resistance of the
valve body. In operating conditions of the engine other
than the specific operating conditions (e.g., during the
engine idling), however, the inadequate duration of
opening of the fuel injection valve has a considerable
influence on the quantity of the fuel supply to the cylin-
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der, and the feedback control may not permit the normal
fuel supply to that cylinder depending upon the operat-
ing condition of the engine. In this case, the apparatus
may not determine that the cylinder is defective, while
in fact the fuel supply system for that cylinder is defec-
tive.

[0004] Where the compensation of the air/fuel ratio so
as to increase the fuel concentration in a given cylinder
has been implemented by adjusting its fuel injection
valve for more than the predetermined number of time
during idling of the engine, the feedback control so as
to reflect the compensation amount obtained during the
engine idling may permit normal fuel supply to that cyl-
inder, even in the operating conditions of the engine oth-
er than some specific operating conditions such as the
engine idling, if opening and closing actions of the fuel
injection valve are normal

[0005] As described above the known apparatus is
not capable of accurately diagnosing the fuel supply
system for abnormality or defect, causing not only a risk
of a continued operation of the engine in a poor com-
bustion state with the fuel supply system in a defective
state, and deteriorated fuel economy and exhaust emis-
sion and other problems, but also a risk of erroneous
diagnosis that the normally functioning fuel supply sys-
tem is defective, which erroneous diagnosis prevents a
normal operation of the engine.

SUMMARY OF THE INVENTION

[0006] The presentinvention was made in view of the
prior art problems discussed above. It is therefore an
object of the present invention to provide an apparatus
and method which permits accurate diagnosis of a fuel
supply system of an internal combustion engine.
[0007] The one object indicated above may be
achieved according to a first aspect of this invention,
which provides an apparatus for diagnosing a fuel sup-
ply system of an internal combustion engine provided
with feedback control means for determining a compen-
sation amount for compensating a commanded value of
a quantity of injection of a fuel by the fuel supply system
into the internal combustion engine on the basis of a de-
viation of an actual operating state of the internal com-
bustion engine with respect to a desired operating state
thereof, and for controlling the fuel supply system in a
feedback fashion by compensating said commanded
value, according to the compensation amount, so that
the internal combustion engine is operated in the de-
sired operating state, the apparatus comprising diag-
nosing means for diagnosing the fuel supply system by
compulsorily effecting a diagnostic adjustment of an op-
erating condition of the fuel supply system when the
compensation amount falls outside a predetermined ref-
erence range.

[0008] The object indicated above may be achieved
according to another aspect of this invention, which pro-
vides a method of diagnosing a fuel supply system of
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an internal combustion engine wherein the fuel supply
system is feedback-controlled such that the internal
combustion engine is operated in a desired operating
state, characterized by comprising the steps of:

calculating a deviation of an amount of variation of
the an actual operating state with respect to a de-
sired amount of variation thereof;

determining a compensation amount for compen-
sating a commanded value of a quantity of injection
of a fuel by the fuel supply system into the internal
combustion engine of each of cylinders of the inter-
nal combustion engine on the basis of the above-
indicated deviation;

determining whether the determined compensation
amount falls outside a predetermined reference
range; and

diagnosing the fuel supply system by interrupting a
feedback control of the fuel supply system and com-
pulsorily effecting a diagnostic adjustment of an op-
erating condition of the fuel supply system when the
determined compensation amount falls outside the
predetermined reference range.

[0009] The diagnosing apparatus and method de-
scribed above are not arranged to diagnose the fuel sup-
ply system, depending merely upon whether the com-
pensation amount used for the feedback control of the
fuel supply system falls outside the predetermined ref-
erence range. Instead, the present diagnosing appara-
tus and method are arranged to compulsorily effect the
diagnostic adjustment of the operating condition of the
fuel supply system when the compensation amount falls
outside the predetermined reference range, so that the
fuel supply system is diagnosed on the basis of a result
of the diagnostic adjustment. The present arrangement
to effect the diagnostic operational adjustment of the fu-
el supply system permits accurate diagnosis of the fuel
supply system for not only a sticking defect of a fuel in-
jection valve in the fuel supply system, but also other
abnormalities regarding the opening and closing actions
of the fuel injection valve, such as deterioration of its
function to adjust its opening time. Further, the diagnos-
tic adjustment is effected when the compensation
amount is outside the reference range, that is, when
there is a high possibility that the fuel supply system is
defective. This arrangement permits a further improve-
ment in the accuracy of diagnosis of the fuel supply sys-
tem.

[0010] Further, the diagnostic adjustment of the oper-
ating condition of the fuel supply system effected only
when the compensation amount is outside the predeter-
mined reference range prevents an unnecessary
change of the combustion state of the internal combus-
tion engine, and minimizes the deterioration of the fuel
economy and exhaust emission of the engine, and mu-
nimizes the vibration of the engine due to a variation in
its operating state.
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[0011] According to one preferred form of the present
invention, the feedback control means detects an
amount of variation of the actual operating state of the
internal combustion engine while the internal combus-
tion engineis in anidling state, calculates a the deviation
of the amount of variation of the actual operating state
in the idling state with respect to a desired amount of
variation thereof, determines the compensation amount
of each cylinders of the internal combustion engine on
the basis of the above-indicated deviation, and compen-
sates the commanded value of the quantity of injection
of the fuel by the fuel supply system into each cylinder,
according to the determined compensation amount, so
that the internal combustion engine is operated in the
desired operating state.

[0012] While the fuel supply system for each cylinder
of the engine is feedback-controlled by the feedback
control means described just above, the diagnosing
means effects the diagnostic adjustment of the operat-
ing condition of the fuel supply system when the com-
pensation amount determined on the basis of the devi-
ation between the actual and desired amounts of varia-
tion of the operating state of the fuel supply system falls
outside the predetermined reference range, so that the
fuel supply system is diagnosed on the basis of a result
of the diagnostic adjustment.

[0013] The above-described arrangement permits ac-
curate diagnosis of the fuel supply system for each cyl-
inder of the engine. The accuracy of diagnosis is further
improved since the diagnostic adjustment is effected on-
ly when the compensation amount of each cylinder is
outside the reference range, that is, only when there is
a high possibility that the fuel supply system is defective.
[0014] In addition, the diagnostic adjustment of the
operating condition of the fuel supply system effected
only when the compensation amount of each cylinder is
outside the reference range prevents an unnecessary
change of the combustion state of the internal combus-
tion engine, and minimizes the deterioration of the fuel
economy and exhaust emission of the engine, and min-
imizes the vibration of the engine due to a variation in
its operating state.

[0015] In afirst advantageous arrangement of the ap-
paratus according to the above-indicted preferred form
of the invention, the diagnosing means is operable when
the compensation amount of any one of the cylinders
falls outside the predetermined reference range, to ter-
minate an operation of the feedback control means and
effect the diagnostic adjustment of the operating condi-
tion of the fuel supply system for the above-indicated
any one of the cylinders.

[0016] The diagnosing means described just above is
arranged to terminate the feedback control operation by
the feedback control means and effect the diagnostic
adjustment of the fuel supply system for the cylinder
whose compensation amount has become outside the
reference range. This arrangement permits efficient and
accurate diagnosis of the fuel supply system.
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[0017] In asecond advantageous arrangement of the
apparatus according to the above-indicated preferred
form of the invention, the diagnosing means is operable
when the compensation amount of any one of the cylin-
ders falls outside the predetermined reference range, to
terminate an operation of the feedback control means
and effect the diagnostic adjustments of the operating
conditions of the fuel supply systems for selected ones
of the cylinders of the internal combustion engine, which
selected ones include the above-indicated any one cyl-
inder.

[0018] The diagnosing means described just above is
arranged to terminate the feedback control operation by
the feedback control means and effect the diagnostic
adjustments of the fuel supply systems for the selected
cylinders include the cylinder whose compensation
amount has become outside the reference range. Ac-
cording to this arrangement, only the fuel supply sys-
tems for the selected cylinders, which include the fuel
supply system relatively likely to be defective, are diag-
nosed by effecting the diagnostic adjustments of those
fuel supply systems. Accordingly, the present arrange-
ment not only permits efficient and accurate diagnosis,
but also effectively prevents an unnecessary change of
the combustion state of the internal combustion engine,
while minimizing the deterioration of the fuel economy
and exhaust emission of the engine, and minimizes the
vibration of the engine due to a variation in its operating
state.

[0019] In the apparatus and method according to the
above-indicated preferred form of the invention, the di-
agnosing means may be arranged to be operable to ef-
fect a diagnostic compulsory increase or reduction of the
compensation amount of each of selected at least one
of cylinders of the internal combustion engine, and di-
agnosing the fuel supply system for each selected cyl-
inder, on the basis of a variation in the actual operating
state of the internal combustion engine which is caused
by the diagnostic compulsory increase or reduction of
the compensation amount.

[0020] Inthe apparatus described just above, the fuel
supply system for each of the selected cylinders of the
engine is diagnosed on the basis of the variation in the
actual operating state of the engine which is caused by
the diagnostic compulsory increase or reduction of the
compensation amount by the diagnosing means. This
arrangement permits higher degrees of efficiency and
accuracy of the diagnosis.

[0021] In the apparatus and method described just
above, the diagnosing means may be arranged to be
operable to diagnose the fuel supply system for each
selected cylinder to be normal when the actual operating
state of the internal combustion engine varies in accord-
ance with the diagnostic compulsory increase or reduc-
tion of the compensation amount, and defective or ab-
normal when the actual operating state does not vary in
accordance with the diagnostic compulsory increase or
reduction of the compensation amount.
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[0022] Where the operating state of the fuel supply
system such as the opening and closing actions of its
fuel injection valve is normal, the actual operating state
of the internal combustion engine varies in accordance
with the diagnostic increase or reduction of the compen-
sation amount of each selected cylinder. In view of this
fact, the diagnosing means may be arranged to diag-
nose the fuel supply system to be normal if the actual
operating state of the engine varies in accordance with
the diagnostic compulsory increase or reduction of the
compensation amount, and defective or abnormal if the
actual operating state of the engine does not vary in ac-
cordance with the diagnostic compulsory increase or re-
duction of the compensation amount.

[0023] The compensation amount may be gradually
increased or reduced when the diagnostic increase or
reduction is compulsorily executed.

[0024] The compensation amount may be gradually
returned to an original value after the diagnostic in-
crease or reduction of the compensation amountis com-
pulsorily executed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other objects, features, advan-
tages and technical and industrial significance of the
present invention will be better understood by reading
the following detailed description of presently preferred
exemplary embodiments of the invention, when consid-
ered in connection with the accompanying drawings, in
which:

Fig. 1 is a schematic view showing a diesel engine
of common-rail type, and a control system arranged
according to a first embodiment of this invention for
controlling the diesel engine;

Fig. 2is aflow chartillustrating a fuel-injection quan-
tity control routine executed by an ECU of the con-
trol system of the first embodiment;

Fig. 3 is a flow chart illustrating a cylinder-compen-
sation-amount calculating routine executed for
each cylinder of the engine, in the first embodiment;
Fig. 4 is an illustration of an arrangement of an en-
gine speed sensor and a pulser used in the first em-
bodiment;

Fig. 5 is a time chart depicting a variation of the ro-
tation speed of the common-rail type diesel engine,
in the first embodiment;

Fig. 6 is a graph indicating a data map used in the
cylinder-compensation-amount calculating routine
of Fig. 3, to calculate an integral compensating
amount dqcy on the basis of a speed variation DNE
(K);

Fig. 7 is a flow chart illustrating a portion of a pre-
liminary-diagnosis routine executed by the ECU of
the control system of the first embodiment, to effect
a preliminary diagnosis of the fuel supply system;
Fig. 8 is a flow chart illustrating the other portion of
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the preliminary-diagnosis routine;

Fig. 9 is a flow chart illustrating a portion of a main-
diagnosis routine executed in the first embodiment,
to effect a main diagnosis of the fuel supply system;
Fig. 10 is a flow chart illustrating the other portion
of the main-diagnosis routine;

Fig. 11 is a flow chart illustrating a gradual-return
control routine executed in the first embodiment;
Fig. 12 is a time chart depicting an example of var-
ious parameters whose values change during the
control effected in the first embodiment;

Fig. 13 is a flow chart illustrating a fuel-supply-sys-
tem diagnostic routine executed in a third embodi-
ment of the present invention; and

Fig. 14 is a flow chart illustrating a gradual-return
control routine executed in the third embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Referring to the accompanying drawings, the
presently preferred embodiments of this invention will
be described in detail.

[0027] Referring first to the schematic view of Fig. 1,
there are shown a diesel engine 2 of common-rail type,
and a control system arranged according to the first em-
bodiment of the presentinvention, for controlling the die-
sel engine 2. The diesel engine 2 is adapted to be in-
stalled as a drive power source on an automotive vehi-
cle.

[0028] The diesel engine 2 has a plurality of cylinders,
more precisely, four cylinders #1-#4, in this specific em-
bodiment. In Fig. 1, only one of the four cylinders #1-#4
is shown. Each cylinder is provided with a fuel injection
valve 4 arranged to inject fuel into its combustion cham-
ber. The fuel injection valve 4 is provided with an elec-
tromagnetic control valve 4a which is opened to permit
the fuel injection valve 4a to inject the fuel into the cor-
responding cylinder and closed to inhibit the fuel injec-
tion. Although the present embodiment as applied to the
four-cylinder diesel engine 2 will be described, the same
embodiment is equally applicable to not only the diesel
engine but also gasoline engines, and also applicable
to a diesel or gasoline engine having six cylinders or any
other number of cylinders as well as a four-cylinder en-
gine.

[0029] Each fuel injection valve 4 is connected to a
common rail 6, which functions an accumulator com-
monly for the four cylinders #1-#4. While the electro-
magnetic control valve 4a indicated above is held open,
the fluid delivered from the common rail 6 is injected into
the corresponding cylinder through the corresponding
fuel injection valve 4. The common rail 6 is kept charged
with the pressurized fuel, the pressure of which is high
enough to permit the fuel injection into each cylinder. To
keep the fuel pressure in the common rail 6 at a desired
level, the common rail 6 is connected through a supply
tube 8 to a discharge portion 10a of a fuel supply pump
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10. The fuel supply pump 10 is connected to a fuel tank
12 through a suction port 10b. A passage connecting
the suction port 10b and the fuel tank 12 is provided with
a filter 14. The fuel supply pump 10 includes a plunger
which is reciprocated by a drive cam (not shown) which
is rotated in synchronization with a rotary motion of the
diesel engine 2. With the fuel supply pump 10 thus op-
erated, the fuel received from the fuel tank 12 through
the filter 14 is pressurized by the fuel supply pump 10
to the desired level, and the thus pressurized fuel is de-
livered to the common rail 6.

[0030] The combustion chamber of each cylinder of
the diesel engine 2 is connected to an intake passage
18 and an exhaust passage 20, and a throttle valve (not
shown) is provided in the intake passage 18. The angle
of opening of this throttle valve is controlled depending
upon the operating state of the diesel engine 2, to there-
by a rate of flow of the intake air into the combustion
chamber.

[0031] The combustion chamber of each cylinder of
the diesel engine 2 is provided with a glow plug 22,
which is energized with an electric current applied there-
to from a glow-plug relay 22a immediately before the
diesel engine 2 is started. Upon energization of the glow
plug 22, a spray mist of the fuel blown over the glow plug
22 is easily ignited, and the combustion of the fuel is
promoted. Thus, the glow plug 22 serves as a device for
assisting the starting of the diesel engine 2.

[0032] To monitor the operating state of the diesel en-
gine 2 in the present embodiment, there are provided
the following sensors. Namely, an accelerator sensor 26
is disposed near an accelerator pedal 24, for detecting
an operating amount ACCPF of the accelerator pedal
24, and an accelerator-OFF switch 28 is disposed near
the accelerator sensor 26, to detect that the accelerator
pedal 24 is at rest, that is, is placed in its non-operated
position. The diesel engine 2 is further provided with a
starter 30 for starting the engine. This starter 30 is pro-
vided with a starter switch 30a for detecting its operating
state. The diesel engine 2 is also provided with a water
temperature sensor 32 disposed on its cylinder block,
for detecting a temperature THW of a cooling water flow-
ing through the cylinder block. The diesel engine 2 has
an oil pan (not shown) in which an engine oil is stored,
and is provided with an oil temperature sensor 34 for
detecting a temperature THO of the engine oil in the oil
pan. A return tube 16 connected to the fuel tank 12, fuel
supply pump 10 and fuel injection valve 4 is provided
with a fuel temperature sensor 36 for detecting a tem-
perature THF of the fuel. The common rail 6 is provided
with a fuel pressure sensor 38 for detecting the pressure
of the fuel within the common rail 6. The crankshaft (not
shown) of the diesel engine 2 is provided with a pulser
41, and an engine speed sensor 40 for detecting the ro-
tation speed of the engine 2 is disposed near the pulser
41, as shown in Fig. 4.

[0033] A rotary motion of the crankshaft is transmitted
through a timing belt to a cam shaft (not shown) provided
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to open and close an intake valve 18a and an exhaust
valve 20a. This cam shaft is rotated at a speed which is
one half the rotating speed of the crankshaft. Near a
pulser (not shown) disposed on the cam shaft, there is
disposed a cylinder detecting sensor 42. In the first em-
bodiment of this invention, output signals of the engine
speed sensor 40 and the cylinder detecting sensor 42
are used to calculate the speed NE and a crank angle
CA of the diesel engine 2, and a top dead center (TDC)
of the cylinder #1. The vehicle has a transmission 44,
which is provided with a shift position sensor 46 for de-
tecting the presently selected one of the operating po-
sitions of the transmission 44 and an output speed sen-
sor 48 for detecting the rotating speed of an output shaft
of the transmission 44. The output signal of the output
speed sensor 48 is used to calculate a running speed
SPD of the vehicle. The vehicle also has an air condi-
tioner (not shown) which is driven by the diesel engine
2 and which is turned on and off by an air conditioner
switch 50.

[0034] To effect various controls of the diesel engine
2, there is provided an electronic control unit (ECU) 52
arranged according to the present embodiment of the
invention. The ECU 52 is arranged to effect a fuel-injec-
tion control, a glow-plug control and other controls of the
diesel engine 2, and is further arranged to effect diag-
nostic controls to diagnose the fuel supply system of
each cylinder. The ECU 52 is principally constituted by
a microcomputer incorporating: a central processing
unit (CPU); a read-only memory (ROM) storing various
control programs and data maps; a random-access
memory (RAM) for temporarily storing various sorts of
data such as those obtained by arithmetic operations by
the CPU; a back-up RAM for storing arithmetic operation
data and prepared data; time counters; an input inter-
face; and an output interface. To the input interface of
the ECU 52, there are connected the above-described
accelerator sensor 26, water temperature sensor 32, oil
temperature sensor 34, oil temperature sensor 36, fuel
pressure sensor 38, etc. through buffers, multiplexers
and A/D converters (not shown). Also connected to the
input interface are the engine speed sensor 40, cylinder
detecting sensor 42, output speed sensor 48, etc.
through waveform shaping circuits (not shown). The ac-
celerator-OFF switch 28, starter switch 30a, shift posi-
tion sensor 46, air conditioner switch 50, etc. are directly
connected to the inputinterface of the ECU 52. The input
interface of the ECU 52 further receives a signal indic-
ative of a battery voltage Vb and a signal indicative of a
duty ratio DF of an alternator (not shown) provided for
the diesel engine 2. The CPU reads in the output signals
of the above-described sensors and switches which are
received through the input interface. To the output inter-
face of the ECU 52, there are connected through driver
circuits the above-indicated electromagnetic control
valve 4a and glow-plug relay 22a, and a pressure control
valve 10c provided for controlling the delivery pressure
of the fuel supply pump 10. The CPU operates to per-
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form arithmetic operations on the basis of the signals
received through the input interface, and suitably control
the electromagnetic control valve 4a, pressure control
valve 10c, glow relay 22a, etc., through the output inter-
face.

[0035] Referring next to the flow chart of Fig. 2, there
is illustrated a fuel-injection control routine executed by
the ECU 52. This fuel-injection control routine is repeat-
edly executed as an interruption routine with a cycle time
corresponding to a predetermined amount of change of
the crank angle CA of the engine 2, more precisely, with
a cycle time corresponding to a change of the crank an-
gle CA by 180°, in the present embodiment in which the
engine 2 has the four cylinders. In the fuel-injection con-
trol routine of Fig. 2 and other routines which will be de-
scribed, steps of performing respective control opera-
tions are identified by respective step numbers preced-
ed by alphabetic letter "S".

[0036] The fuel-injection control routine of Fig. 2 is in-
itiated with step S110 to calculate a commanded value
QFIN of a fuel injection quantity Q on the basis of the
engine speed NE and accelerator operating amount AC-
CPF, and according to a predetermined equation. Step
S110 s followed by step S120 in which the commanded
value QFIN of the fuel injection quantity is compensated
according to the following equation (1), on the basis of
a cylinder compensation amount qcy[K] which has been
calculated in a cylinder-compensation-amount calculat-
ing routine (which will be described by reference to the
flow chart of Fig. 3), for a presently selected cylinder #K
into which the fuel is to be injected.

QFIN « QFIN + qey[K] 1)

Then, the control flow goes to step S130 sets the open-
ing time of the electromagnetic control valve 4a of the
fuel injection valve 4 provided for the presently selected
cylinder #K, on the basis of the thus compensated com-
manded value QFIN of fuel injection quantity. Thus, one
cycle of execution of the routine of Fig. 2 is terminated.

[0037] With the fuel-injection control routine of Fig. 2
being repeatedly executed, appropriate quantities of fu-
el are successively injected from the fuel injection valves
4 into the respective individual cylinders which are to be
sequentially supplied with the fuel in a predetermined
order. Thus, the quantities of the fuel supplied to the cyl-
inders are suitably controlled depending upon the spe-
cific operating condition of the vehicle.

[0038] Then, the above-indicated cylinder-compen-
sation-amount calculating routine will be described by
reference to the flow chart of Fig. 3. Like the fuel-injec-
tion control routine of Fig. 2, the present routine is re-
peatedly executed as an interruption routine with a cycle
time corresponding to the predetermined amount of
change of the crank angle CA, more precisely, with a
cycle time corresponding to a change of the crank angle
CA by 180°, in the present embodiment in which the en-
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gine 2 has the four cylinders. The cylinder-compensa-
tion-amount calculating routine of Fig. 3 is initiated with
step S200 to determine whethera CALCULATION PER-
MIT flag Xqcy is in an ON state. If the flag Xqcy is in an
OFF state, thatis, if a negative decision (NO) is obtained
in step S200, one cycle of execution of the routine is
terminated.

[0039] If the flag Xqcy is in the ON state, that is, if an
affirmative decision (YES) is obtained in step S200, the
control flow goes to step S210 to determine whether the
diesel engine 2 is in a stable idling state. The stabling
idling state of the diesel engine 2 is interpreted to mean
an idling state in which the vehicle speed SPD is Okm/
h and the idling speed of the diesel engine 2 is stabilized
with an elapse of a sufficiently long time after the accel-
erator pedal 24 has been returned to its fully released
or non-operated position (at which the operating amount
ACCPF is 0% and the accelerator-OFF switch 28 is in
the ON state.

[0040] If the diesel engine 2 is not in the stable idling
state, that is, if a negative decision (NO) is obtained in
step S210, one cycle of execution of the routine of Fig.
3 is terminated. If the diesel engine 2 is in the stable
idling state, that is, if an affirmative decision (YES) is
obtained in step S210, the control flow goes to step
S220 to determine whether the presently detected en-
gine speed NE is substantially equal to a desired idling
speed NF, namely, whether the actual engine idling
speed NE is held within a predetermined reference
range determined by the desired idling speed NF. This
step S220 is implemented for the purpose of determin-
ing whether an external device to be driven by the diesel
engine 2, such as a compressor of the air conditioner,
has been just turned on or off. If the external device has
been just turned on or off, the actual engine speed NE
changes to a value outside the predetermined reference
range which includes the desired idling speed NF, that
is, the actual engine speed NE is not stabilized. The ac-
tual engine speed NE is stabilized while being held with-
in the predetermined reference range, unless the exter-
nal device has just been turned on or off.

[0041] If the actual engine speed NE is not substan-
tially equal to the desired idling speed NF, that is, if a
negative decision (NO) is obtained in step S220, one
cycle of execution of the present routine is terminated.
If the actual engine speed NE is substantially equal to
the desired idling speed NF, that is, if an affirmative de-
cision (YES) is obtained in step S220, on the other hand,
the control flow goes to step S230 to calculate a speed
variation DNE[K] of the presently selected cylinder #K
(into which the fuel is to be injected), according to the
following equation:

DNE[K] < TNHIK] - TNH[K-1] )

[0042] In the above equation (2), TNH[K] represents
a value in dependence on the maximal speed of the
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presently selected cylinder #K (hereinafter referred to
as "cylinder maximal speed), and TNH[K-1] represents
a value corresponding to the maximal speed of the cyl-
inder #K-1 the combustion stroke of which takes place
one stroke before that of the presently selected cylinder
#K. The values TNH[K] and TNH[K-1], which will be later
described in detail, are inversely or reciprocally propor-
tional to the speed NE of the diesel engine 2.

[0043] Thatis, the value TNH represents a time dura-
tion during which a predetermined number of succes-
sive pulse signals are generated by the engine speed
sensor 40 in cooperation with the pulser 41 shown in
Fig. 4. Described in detail, the engine speed sensor 40
including an electromagnetic pick-up coil is disposed in
the toothed outer circumferential surface of the wheel of
the pulser 41 attached to the crankshaft of the diesel
engine 2. The engine speed sensor 40 generates a
pulse signal each time one tooth formed on the wheel
of the pulser 41 passes the engine speed sensor 40 dur-
ing rotation of the crankshaft. The ECU 52 calculates
the rotation speed NE of the diesel engine 2 on the basis
of the pulse signals generated by the engine speed sen-
sor 40. The wheel of the pulser 41 has a total of 36 tooth
positions equiangularly spaced apart from each other in
its circumferential direction at an angular interval of 10
°. However, the wheel of the pulse 41 has a total of 34
teeth in the absence of teeth at two successive ones of
the 36 tooth positions, that is, in the presence of a non-
toothed circumferential portion 41a corresponding to
those two successive tooth positions. During an opera-
tion of the diesel engine 2, one pulse signal is generated
per each change of the crank angle CA by 10° and per
each tooth of the pulse 41, namely, the pulse signals are
generated by the engine speed sensor 40 at an angular
spacing interval of 10° of the teeth of the pulser 41, as
indicated in Fig. 5, in which the pulse signals after their
waveforms have been shaped are shown. Itis noted that
the pulse-to-pulse interval at the non-toothed portion
41a corresponds to 30°, and this comparatively large
pulse-to-pulse interval corresponding to the non-
toothed portion 41a appears for each change of the
crank angle CA by 360°, that is, for each full rotation of
the crankshaft. The cylinder detecting sensor 42 is ar-
ranged to detect a reference angular position of the cam
shaft corresponding to the top dead center (TDC) of the
cylinder #1, on the basis of the pulse signals generated
by the engine speed sensor 40 and the cylinder detect-
ing sensor 42, as described above, and the crank angle
CA is obtained with respect to the detected top dead
center of the cylinder #1.

[0044] Since the value TNHI[K] represents the time
duration during which the predetermined number of suc-
cessive pulse signals are generated by the engine
speed sensor 40, the value TNH[K] is smaller than the
value TNH[K-1] when the maximal speed of the pres-
ently selected cylinder #K is higher than that of the cyl-
inder #K-1. In this case, therefore, the speed variation
DNE[K] calculated according to the above equation (2)
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is a negative value. When the maximal speed of the
presently selected cylinder #K is lower than that of the
cylinder #K-1, on the other hand, the value TNHIK] is
larger than the value TNK[K-1]. In this case, therefore,
the speed variation DNE[K] is a positive value.

[0045] Described more specifically, the maximal
speed of each cylinder is presented by the time duration
TNH of the predetermined number of successive pulse
signals, namely, three pulse signals in the specific ex-
ample of Fig. 5. This time duration TNH of the three
pulse signals is a time interval between the moments of
rise of the first and fourth ones of four successive pulse
signals which include the above-indicated three pulse
signals and which are generated by the engine speed
sensor 40 at respective four different crank angles CA
(respective four angular positions of the crankshaft)
which are equally spaced from each other. That is, those
four pulse signals are generated at the respective crank
angles CA corresponding to the maximal speed of each
cylinder, as indicated in the graph of Fig. 5. Accordingly,
the value DNE[K] calculated according to the above
equation (2) represents a difference between the max-
imal speeds of the two cylinders #K and #K-1, that is, a
speed variation of the presently selected cylinder #K
with respect to the speed of the preceding cylinder #K-1.
[0046] Afterthe speed variation DNE[K] has been cal-
culated as described above, the control flow goes to
step S240 to calculate an integral compensation amount
dqgcy on the basis of the speed variation DNE[K] and
according to a graph shown in Fig. 6. This graph repre-
sents a relationship between the integral compensation
amount dgcy and the speed variation DNE[K], and is for-
mulated such that the integral compensation amount
dqcy increases with an increase of the speed variation
DNE[K]. y

[0047] The control flow then goes to step S250 in
which the cylinder compensation amount qcy[K] is up-
dated on the basis of the thus calculated integral com-
pensation amount dqcy and according to the following
equation (3):

qcy[K] « qcy[K] + dqcy ©)

[0048] Thus, the integral compensation amount dqcy
is added to the cylinder compensation qcy[K] when the
speed variation of the successive two cylinders #K and
#K-1 of the diesel engine 2, and the thus updated cylin-
der compensation amount qcy[K] is used in step S120
of the fuel injection control routine of Fig. 2, to compen-
sate the commanded value QFIN of the fuel injection
quantity of each of the four cylinders, so as to eliminate
the speed variation of the diesel engine 2, so that the
fuel supply system is feedback-controlled so as to min-
imize a variation of the rotation speed of the diesel en-
gine 2.

[0049] Where the speed variation DNE[K] of the pres-
ently selected cylinder #K is a negative value, that is,
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the speed of the diesel engine 2 as a result of combus-
tion in the presently selected cylinder #K is higher than
that as a result of combustion in the preceding cylinder
#K-1, the integral compensation amount dqcy is a neg-
ative value, so that the cylinder compensation amount
qcy[K] is reduced by the integral compensation amount
dgcy. Consequently, the commanded fuel injection
quantity value QFIN for the presently selected cylinder
#K is reduced by the compensation in step S120.
[0050] Where the speed variation DNE[K] of the cyl-
inder #K is a positive value, that is, the speed of the die-
sel engine 2 as a result of combustion in the present
cylinder #K is lower than that as a result of combustion
in the preceding cylinder #K-1, the integral compensa-
tion amount dqcy is a positive value, so that the cylinder
compensation amount qcy[K] is increased by the inte-
gral compensation amount dgcy. Consequently, the
commanded fuel injection quantity value QFIN for the
present cylinder #K is increased by the compensation
in step S120.

[0051] When the absolute value of the speed variation
DNE[K] is comparatively small, that is, the speed as a
result of combustion in the present cylinder #K and the
speed as a result of combustion in the preceding cylin-
der #K-1 are almost equal to each other, the integral
compensation amount dqcy is almost zero, and the cyl-
inder compensation amount qcy[K] remains substantial-
ly unchanged, so that the commanded value QFIN of
the fuel injection quantity of the present cylinder #K re-
mains substantially constant.

[0052] Referring next to the flow charts of Figs. 7-10,
there will next be described a preliminary-diagnosis rou-
tine and a main-diagnosis routine. The preliminary-di-
agnosis routine is illustrated in the flow charts of Figs. 7
and 8. This routine is repeatedly executed per each
change of the crank angle CA by 180°.

[0053] The preliminary-diagnosis routine is initiated
with step S310 to determine whether the diesel engine
2 is in the stable idling state. This step S310 is identical
with the step S210 in the cylinder-compensation-
amount calculating routine of Fig. 3. If the diesel engine
2 is in the stable idling state, that is, if an affirmative de-
cision (YES) is obtained in step S310, the control flow
goes to step S320 to determine whether the detected
engine speed NE is substantially equal to the desired
idling speed NF. This step S320 is identical to the step
S220 of the cylinder-compensation-amount calculating
routine of Fig. 2.

[0054] If a negative decision (NO) is obtained in step
S3100r S320, the control flow goes to step S330 to reset
a DELAY counter Dcnt. If an affirmative decision (YES)
is obtained in both of the steps S310, S320, the control
flow goes to step S340 to increment the DELAY counter
Dcnt. Thus, the content of the DELAY counter Dcnt rep-
resents a period of time during which the diesel engine
2 has been in the stable idling state with its speed NE
being held substantially equal to the desired idling
speed NF. More precisely, the content of the DELAY
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counter Dcnt represents a cumulative number of rota-
tions of the crankshaft while the diesel engine 2 is held
in the stable idling state with its speed NE being held
substantially equal to the desired idling speed NF.
[0055] Step S330and S340 are followed by step S350
to determine whether the content of the DELAY counter
Dcnt is larger than a threshold value Td. This threshold
value Td provides a period of time necessary to obtain
the cylinder compensation amounts qcy[K] of all of the
four cylinders, by repeated implementation of steps
S230-S250 in the cylinder-compensation-amount cal-
culating routine of Fig. 3.

[0056] If the content of the DELAY counter Dcnt is
equal to or smaller than the threshold Td, that is, if a
negative decision (NO) is obtained in step S350, the
control flow goes to step S370. In step S370 a cylinder
identification value "k" is set to 1. "k" identifies the cyl-
inder whose compensation amount qcy[K] is to be diag-
nosed. In this case, one cycle of execution of the routine
is terminated. When the content of the DELAY counter
Dcnt has exceeded than the threshold Td as a result of
repeated incrementing operations of the DELAY counter
Dcnt while the diesel engine 2 is held in the stable idling
state with its speed substantially equal to the desired
idling speed NF, that is, when an affirmative decision
(YES) is obtained in step S350 as a reslt of the repeated
incrementing operations of the counter Dcnt after the af-
firmative decisions (YES) are repeatedly obtained in
steps S310 and S320, the control flow goes to step S380
to determine whether an UNDER-DIAGNOSIS flag Xtst
is in an OFF state. Since this flag Xtst is initially set in
the OFF state, that is, since an affirmative decision
(YES) is obtained in step S380 in the first cycle of exe-
cution of the present preliminary-diagnosis routine, the
control flow goes to step S390 to determine whether the
cylinder compensation amount qcy[K] obtained in step
S250 of the cylinder-compensation-amount calculating
routine of Fig. 3 is equal to or larger than zero. Since
the cylinder identification value "k" is initially set to "1",
the compensation value qcy[1] of the cylinder #1 is
checked.

[0057] If the cylinder compensation amount qcy[K] is
equal to or larger than zero, that is, if an affirmative de-
cision (YES) is obtained in step S390, the control flow
goes to step S400 to set a SIGN flag explus[k] in an ON
state. In the first cycle, the SIGN flag explus[1] is set in
the ON state. If the cylinder compensation amount qcy
[1] is smaller than zero, that is, if a negative decision
(NO) is obtained in step S390, the control flow goes to
step S410 to setthe SIGN flag explus[1] in an OFF state.
[0058] Steps S400 and S410 are followed by step
S420 to determine whether the absolute value of the cyl-
inder compensation amount qcy[k] is equal to or smaller
than a preliminary-diagnosis threshold A. If absolute val-
ue of the compensation amount qcy[1] is equal to or
smaller than the threshold A, that is, if an affirmative de-
cision (YES) is obtained in step S420, the control flow
goes to step S430 to increment the cylinder identifica-
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tion value "k". In the first cycle of execution of the routine
of Figs. 7 and 8, the cylinder identification value "k" is
incremented to "2".

[0059] If the absolute value of the compensation
amount qcy[1] is larger than the threshold A, that is, if a
negative decision (NO) is obtained in step S420, the
control flow goes to step S440 to set the UNDER-DIAG-
NOSIS flag in the ON state. Step S440 is followed by
step S430 to increment the cylinder identification value
"k".

[0060] Step S430 is followed by step S450 to deter-
mine whether the cylinder identification value "k" is
equal to or smaller than "4". In this respect, it is noted
that the diesel engine 2 has the four cylinders #1-#4.
Since the cylinder identification value "k" is now equal
to "2", an affirmative decision (YES) is obtained in step
S450, and the control flow returns to step S390. Steps
S390-S450 are repeated to check the compensation
amount qcy[2] of the cylinder #2 (identified by the value
"k" = 2) the combustion stroke of which takes place fol-
lowing that of the cylinder #1 (identified by the value "k"
=1). After the steps S390-S450 have been repeated for
the compensation amount qcy[2], these steps are fur-
ther repeated for the compensation amounts qcy[3] and
qcy[4] of the following cylinders #3 and #4.

[0061] When the cylinder identification value "k" has
been incremented to "5", that is, when a negative deci-
sion (NO) is obtained in step S450, the control flow goes
to step S470 to determine whether the UNDER-DIAG-
NOSIS flag Xtst is now placed in the ON state. If the flag
Xtst is placed in the OFF state, that is, if a negative de-
cision (NO) is obtained in step S470, the control flow
goes to step S475 to reset the DELAY counter Dcnt to
"0", and one cycle of execution of the routine is termi-
nated. The UNDER-DIAGNOSIS flag Xtst in the OFF
state indicates that the values |qcy[K]| of all of the four
cylinders are equal to or smaller than the threshold A,
that is, the affirmative decision (YES) was obtained in
step S420 for all of the four cylinders. In this case, the
DELAY counter Dcntis reset to "0", and the preliminary-
diagnosis routine of Figs. 7-8 is executed again.
[0062] If the PRELIMINARY-DIAGNOSIS flag Xtst is
set in the ON state, that is, if an affirmative decision
(YES) is obtained in step S470, this indicates that the
absolute value of the compensation amount qcy[k] is
larger than the threshold A for at least one of the four
cylinders #1-#4. In this case, the control flow goes to
step S480 to reset an addition-subtraction term dtst to
"0". The term dtst will be described below. Then, step
S490 is implemented to store the presently obtained cyl-
inder compensation amounts qcy[1], qcy[2], qcy[3] and
qcy[4] as respective variables qcyorg[1], qcyorg[2], qcy-
org[3] and gcyorg[4], and one cycle of execution of the
routine is terminated.

[0063] In the next cycle of execution of the routine af-
ter steps S470-S490, a negative decision (NO) is ob-
tained in step S380 since the UNDER-DIAGNOSIS flag
Xtst is set in the ON state, and this cycle is terminated.
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As long as the flag Xtst is kept in the ON state, steps
S390-S490 are not implemented even if the affirmative
decision (YES) is maintained in steps S310, S320 and
S350.

[0064] Then, the main-diagnosis routine will be de-
scribed by reference to the flow chart of Figs. 9 and 10.
This routine is also executed with a cycle time corre-
sponding to a change of the crank angle CA by 180°.
The present main-diagnosis routine is initiated with step
S500 to determine whether a GRADUAL RETURN flag
Xret is set in an OFF state. Since this flag is initially set
in the OFF state, an affirmative decision (YES) is ob-
tained in the first cycle of execution of the routine, and
the control flow goes to step S510 to determine whether
the diesel engine 2 is in the stable idling state. This step
S510 is identical with the step S210 in the cylinder-com-
pensation-amount calculating routine of Fig. 3. If the die-
sel engine 2 is in the stable idling state, that is, if an
affirmative decision (YES) is obtained in step S510, the
control flow goes to step S520 to determine whether the
detected engine speed NE is substantially equal to the
desired idling speed NF. This step S520 is identical with
the step S220 in the cylinder-compensation-amount cal-
culating routine of Fig. 3.

[0065] If a negative decision (NO) is obtained in step
S510 or S520, the control flow goes to step S525 to set
the UNDER-DIAGNOSIS flag Xtst in the OFF state, and
then goes to step S526 to reset the DELAY counter Dcnt
to "0". Step S526 is followed by step S530 to set the
CALCULATION PERMIT flag Xqcy in the ON state, and
step S540 to increment a cylinder identification value
"m", namely, to set the value "m" to "1" in the first cycle
of execution of the routine. Thus, one cycle of execution
of the routine is terminated. In this case wherein the flag
Xtst is set in the OFF state, the affirmative decision
(YES) is obtained in step S380 in the preliminary-diag-
nosis routine of Figs. 7 and 8, and steps S390-S490 may
be implemented. Further, since the flag Xqcy is set in
the ON state, the affirmative decision (YES) is obtained
in step S200 of the cylinder-compensation-amount cal-
culating routine of Fig. 3, and the cylinder compensation
amount qcy[K]may be updated in step S240.

[0066] If the diesel engine 2is in the stable idling state
with its speed NE being substantially equal to the de-
sired idling speed, that is, if an affirmative decision
(YES) is obtained in steps S510 and S520, the control
flow goes to step S550 to determine whether the UN-
DER-DIAGNOSIS flag Xtst is in the ON state. If the flag
Xtst is in the OFF state, that is, if a negative decision
(NO) is obtained in step S550, the control flow goes to
step S530 to set the CALCULATION PERMIT flag Xqcy
in the ON state. Step S530 is followed by step S540 to
set the value "m" to "1", and one cycle of execution of
the routine is terminated.

[0067] If the flag Xtst is in the ON state, that is, if an
affirmative decision (YES) is obtained in step S550, the
control flow goes to step S560 to set the CALCULATION
PERMIT flag Xqcy in the OFF state. In this case, the
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10

negative decision (NO) is obtained in step S200 in the
cylinder-compensation-amount calculating routine of
Fig. 3, so that the cylinder compensation amount qcy[K]
of each cylinder is not updated in the routine of Fig. 3.
[0068] Then, step S570 is implemented to calculate
the addition-subtraction term dtst according to the fol-
lowing equation (4):

dtst « dtst + dq '4)

In the above equation (4), "dq" represents a gradual
changing value provided to gradually increase the addi-
tion-subtraction value dtst.

[0069] Then, the control flow goes to step S580 to de-
termine whether the SIGN flag explus[m] is in the ON
state. In the first cycle of execution of the routine, the
value "m" is equal to "1", a determination as to whether
the SIGN flag explus[1] is in the ON state. If the flag
explus[1] is in the ON state, that is, if an affirmative de-
cision (YES) is obtained in step S580, the control flow
goes to step S590 to update the cylinder compensation
amount qcy[m] according to the following equation (5):

qgcy[m] <« qcyorg[m] - dtst (5)

[0070] If the flag explus[m] is in the OFF state, that is,
if a negative decision (NO) is obtained in step S580, the
control flow goes to step S600 to update the cylinder
compensation amount gcy[m] according to the following
equation (6):

qcy[m] < qcyorg[m] + dtst (6)

[0071] Thus, when the cylinder compensation amount
qcy[m] is equal to or larger than zero, this amount gcy
[m] is reduced by the gradually increasing addition-sub-
traction term dtst, so that the actual fuel injection quan-
tity is gradually reduced. When the cylinder compensa-
tion amount qcy[m] is smaller than zero, this amount gcy
[m] is increased by the gradually increasing addition-
subtraction term dtst, so that the actual fuel injection
quantity is gradually increased.

[0072] Steps S590 and S600 are followed by step
S610 to calculate the speed variation DNE[m] according
to the following equation (7):

DNE[m] < TNH[m] - TNH[m-1] @)

The calculation according to the above equation (7) is
the same as the calculation effect in step S230 accord-
ing to the equation (2).

[0073] Step S610 is followed by step S620 to deter-
mine whether the absolute value of the speed variation
DNE[m] is larger than a threshold B. If the value |DNE
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[m] | is equal to or smaller than the threshold B, that is,
if a negative decision (NO) is obtained in step S620, the
control flow goes to step S630 to determine whether the
addition-subtraction term dtst is larger than a threshold
D. If the value dtst is equal to or smaller than the thresh-
old D, that is, if a negative decision (NO) is obtained in
step S630, one cycle of execution of the present routine
is terminated. Accordingly, the cylinder compensation
amount qcy[m] is gradually changed as long as the ab-
solute value of the speed variation DNE[m] is equal to
or smaller than the threshold B and the addition-subtrac-
tion term dtst is equal to or smaller than the threshold
D, that is, as long as the negative decision (NO) is ob-
tained in steps S620 and S630, while the fuel injection
quantity is gradually increased or reduced by implemen-
tation of steps S590 and S600. In other words, the com-
manded value QFIN of the fuel injection quantity of each
cylinder is gradually increased or reduced by the grad-
ual increase or reduction of the cylinder compensation
amount qcy[K] which has been described with respect
to step S120 in the fuel-injection control routine of Fig.
2 and which is calculated according to the above equa-
tion (1).

[0074] If the value [DNE[m] | has become larger than
the threshold B before the term dtst has become larger
than the threshold D, that is, if an affirmative decision
(YES) is obtained in step S620 before an affirmative de-
cision (YES) is obtained in step S630, with an increase
of the speed variation DNE[m] as a result of the gradual
change of the cylinder compensation amount qcy[m], it
means that the speed variation DNE[m] has increased
as expected owing to a change of the cylinder compen-
sation amount qcy[m] based on the addition-subtraction
term dtst. In this case, therefore, the control flow goes
to step S640 to diagnose that the fuel supply system for
the cylinder #m is normal. Step S640 is followed by step
S650 to increment the cylinder identification value "m".
If the fuel supply system for the cylinder #1 is diagnosed
to be normal, the value "m" is incremented to "2".
[0075] Step S650 is followed by step S660 to deter-
mine whether the cylinder identification value "m" is
equal to or smaller than "4". Since the value "m" is now
equal to "2", an affirmative decision(YES) is obtained in
step S660, and the control flow goes to step S670 to
reset the addition-subtraction term dtst to "0". Step S680
is then implemented to reset the GRADUAL RETURN
flag Xret to the ON state, and one cycle execution of the
routine is terminated.

[0076] In the next cycle of execution of the routine of
Figs. 9 and 10, the flag Xret is set in the ON state, that
is, a negative decision (NO) is obtained in step S500,
no operation is practically performed. In this case, a
gradual-return control routine (which will be described)
is executed to gradually return the cylinder compensa-
tion amount qcy[1] to the original value gcyorg[1].
[0077] Afterthe cylinder compensation amount qcy[1]
has been returned to the original value qcyorg[1], the
GRADUAL RETURN flag Xret is reset to the OFF state
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in the gradual-return control routine, so that the affirm-
ative decision (YES) is obtained in step S500. Accord-
ingly, the operation described above is repeated for the
cylinder #2. Described in detail, the compensation
amount qcy[2] for the cylinder #2 is gradually increased
or reduced in steps S590, S600 depending upon the
state of the SIGN flag explus[2], and the determination
as to whether the absolute value of the speed variation
DNE[2] is larger than the threshold B is made in step
S620.

[0078] If the value |DNE[2]| has become larger than
the threshold B before the term dtst has become larger
than the threshold D, that is, if the affirmative decision
(YES) is obtained in step S620 before the affirmative
decision (YES) is obtained in step S630, with an in-
crease of the speed variation DNE[2] as a result of the
gradual change of the cylinder compensation amount
qcy[2], it means that the speed variation DNE[2] has in-
creased as expected owing to a change of the cylinder
compensation amount qcy[2] based on the addition-
subtraction term dtst. In this case, therefore, the control
flow goes to step S640 to diagnose that the fuel supply
system for the cylinder #2 is normal. Step S640 is fol-
lowed by step S650 to increment the cylinder identifica-
tion value "m" to "3". Since the value "m" is now equal
to "3", the affirmative decision (YES) is obtained in step
S660, and the control flow goes to step S670 to reset
the addition-subtraction value dtst to "0". Step S680 is
then implemented to set the GRADUAL RETURN flag
to the ON state, and one cycle of execution of the routine
is terminated.

[0079] In the next cycle of execution of the routine of
Figs. 9 and 10, the flag Xret is set in the ON state, that
is, the negative decision (NO) is obtained in step S500,
so that no operation practically is performed. In this
case, the gradual-return control routine (which will be
described) is executed to gradually return the cylinder
compensation amount qcy[2] to the original value qcy-
org[2].

[0080] Afterthe cylinder compensation amount qcy[2]
has been returned to the original value qcyorg[2], the
GRADUAL RETURN flag Xret is reset to the OFF state
in the gradual-return control routine, so that the affirm-
ative decision (YES) is obtained in step S500. Accord-
ingly, the operation described above is repeated for the
cylinder #3. Described in detail, the compensation
amount qcy[3] for the cylinder #3 is gradually increased
or reduced in steps S590, S600 depending upon the
state of the SIGN flag explus[3], and the determination
as to whether the absolute value of the speed variation
DNE[3] is larger than the threshold B is made in step
S620.

[0081] If the value |DNE[3]| has become larger than
the threshold B, that is, if the affirmative decision (YES)
is obtained in step S620, the fuel supply system for the
cylinder #3 is diagnosed to be normal, and the compen-
sation amount qcy[3] for the cylinder #3 is gradually re-
turned to the original value qcyorg[3]. Then, the com-
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pensation amount qcy[4] for the cylinder #4 is gradually
increased or reduced in steps S590, S600 depending
upon the state of the SIGN flag explus[4], and determi-
nation as to whether the absolute value of the speed
variation DNE[4] is larger than the threshold B is made
in step S620.

[0082] If the value |DNE[4]| has become larger than
the threshold B, that is, if the affirmative decision (YES)
is obtained in step S620, the fuel supply system for the
cylinder #4 is diagnosed to be normal. Then, the cylinder
identification value "m" is incremented to "5" in step
S650, so that a negative decision (NO) is obtained in
step S660. The GRADUAL RETURN flag Xret is then
set in the ON state in step S680, and one cycle of exe-
cution of the routine is terminated. Accordingly, the com-
pensation amount qcy[4] for the cylinder #4 is gradually
returned to the original value qcyorg[4] in the gradual
return control routine.

[0083] With the compensation amount qcy[4] re-
turned to the original value qcyorg[4], the CALCULA-
TION PERMIT flag Xqcy is set in the ON state in the
gradual-return control routine, and the UNDER-DIAG-
NOSIS flag Xtst is set in the OFF state. Since the flag
Xqey is in the ON state, the compensation amount cal-
culation according to the calculating routine of Fig. 3
may be practically effected. Since the flag Xtst is in the
OFF state, the preliminary diagnosis according to the
routine of Figs. 7 and 8 may be initiated, while the main
diagnosis according to the routine of Figs. 9 and 10 is
not practically effected.

[0084] Referring next to the flow chart of Fig. 11, there
will be described the gradual-return control routine. This
routine is executed with a cycle time corresponding to
a change of the crank angle CA by 180°. The routine is
initiated with step S810 to determine whether the
GRADUAL RETURN flag Xret is set in the ON state. If
the fag Xret is in the ON state, that is, an affirmative de-
cision (NO) is obtained in step S810, one cycle of exe-
cution of the routine is terminated.

[0085] If the GRADUAL RETURN flag Xret has been
set in the ON state in step S680 in the main-diagnosis
routine of Figs. 9 and 10, an affirmative decision (YES)
is obtained in step S810, and the control flow goes to
step S820 to determine whether the SIGN flag explus
(m-1) is setin an ON state. If, for instance, the fuel sup-
ply system for the cylinder #1 is diagnosed in step S620
to be normal in the main-diagnosis routine of Figs. 9 and
10, with the affirmative decision (YES) obtained in step
S620, the affirmative decision (YES) is obtained in step
S680. In this instance, the cylinder identification value
"m" is set to "2".

[0086] If the value "m" is equal to "2", the determina-
tion in step S820 as to whether the SIGN flag explus[m-
1]is in the ON state is a determination as to whether the
SIGN flag explus[1] is in the ON state. If the SIGN flag
explus[m-1] is in the ON state, that is, if an affirmative
decision (YES) is obtained in step S820, the control flow
goes to step S830 to update the cylinder compensation
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amount qcy[m-1] according to the following equation (8):

qcy[m-1] «<—qcy[m-1] + dret (8)

In the above equation (8), the value dret is a gradual
returning value for gradually returning the cylinder com-
pensation amount qcy[m-1]. The gradual returning
amount dret may be the same as the gradual changing
value "dqg" described above.

[0087] If the cylinder compensation amount qcy[m-1]
has been gradually reduced in step S590 in the main-
diagnosis routine of Figs. 9 and 10, the cylinder com-
pensation amount qcy[m-1] is increased by the gradual
returning value dret, so that the amount qcy[m-1] is
gradually returned to the original value.

[0088] Then, the control flow goes to step S840 to de-
termine whether the cylinder compensation amount qcy
[m-1] is equal to or larger than the variable qcyorg[m-1]
which is the original value. If the cylinder compensation
amount gcy[m-1] is smaller than the variable qcyorg[m-
1], that is, a negative decision (NO) is obtained in step
S840, it means that the cylinder compensation amount
gcy[m-1] has not been returned to the original value qcy-
org[m-1]. In this case, one cycle of execution of the rou-
tine is terminated.

[0089] If the flag explus[m-1] is in the OFF state, that
is, if the negative decision (NO) is obtained in step S820,
the control flow goes to step S850 to update the cylinder
compensation amount gcy[m-1] according to the follow-
ing equation (9):

gcy[m-1] « qcy[m-1] - dret (9)

The gradual returning value dret in the above equation
(9) has been described above.

[0090] If the cylinder compensation amount qcy[m-1]
has been gradually increased in step S600 in the main-
diagnosis routine of Figs. 9 and 10, the cylinder com-
pensation amount qcy[m-1] is reduced by the gradual
returning value dret, so that the amount qcy[m-1] is
gradually returned to the original value.

[0091] Then, the control flow goes to step S860 to de-
termine whether the cylinder compensation amount gcy
[m-1] is equal to or smaller than the variable qcyorg[m-
1] which is the original value. If the cylinder compensa-
tion amount qcy[m-1] is larger than the variable qcyorg
[m-1], that is, a negative decision (NO) is obtained in
step S860, it means that the cylinder compensation
amount qcy[m-1] has not been returned to the original
value gcyorg[m-1]. In this case, one cycle of execution
of the routine is terminated.

[0092] If the cylinder compensation amount qcy[m-1]
has been returned to the original value qcyorg[m-1] and
an affirmative decision (YES) is obtained in step S840
or S860 as a result of repeated implementation of step
S830 or S850, the control flow goes to step S870 to set
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the variable qcyorg[m-1] as the cylinder compensation
amount gcy[m-1], and to step S880 to set the GRADUAL
RETURN flag Xret in the OFF state.

[0093] Then, the control flow goes to step S890 to de-
termine whether the value "m-1" is equal to "4". Since
the value "m" is now equal to "2", a negative decision
(NO) is obtained in step S890, and one cycle of execu-
tion of the routine is terminated. In the next cycle of ex-
ecution, the flag Xret is in the OFF state, and the nega-
tive decision (NO) is obtained in step S810, so that no
operation is practically performed in the gradual-return
control routine of Fig. 11. On the other hand, the affirm-
ative decision (YES) is obtained in step S500 in the
main-diagnosis routine of Figs. 9 and 10 since the flag
Xret is set in the OFF state, so that the fuel supply sys-
tem for the cylinder #2 is diagnosed as described above
since the value "m" is now equal to "2".

[0094] If the fuel supply system for the cylinder #2 is
diagnosed to be normal in the main-diagnosis routine of
Figs. 9 and 10, the GRADUAL RETURN flag Xret is set
inthe ON state in step S680, and the gradual-return con-
trol routine of Fig. 11 is executed for the cylinder #3, in
the same manner as described above. Then, the fuel
supply system for the cylinder #3 is diagnosed as de-
scribed above. If the fuel supply system for the cylinder
#3 is diagnosed to be normal, the gradual-return control
routine of Fig. 11 is executed for the cylinder #4, in the
same manner as described above. Then, the fuel supply
system for the cylinder #4 is diagnosed, and if the fuel
supply system for the cylinder #4 is diagnosed to be nor-
mal, the gradual-return control routine of Fig. 11 is exe-
cuted with the value "m" set at "5".

[0095] In the gradual-return control routine of Fig. 11
with the value "m" set at "5", the compensation amount
qcy[4] is returned to the original value qcyorg[4] in step
S870, and the flag Xret is set in the OFF state in step
S880. Then, step S890 is implemented to determine
whether the value "m-1" is equal to "4", and the affirm-
ative decision (YES) is obtained in step S890. As a re-
sult, the CALCULATION PERMIT flag Xqcy is set in the
ON state in step S900, and the UNDER-DIAGNOSIS
flag Xtst is set in the OFF state in step S910. Then, the
DELAY counter Dentis resetin step S911, and one cycle
of execution of the routine of Fig. 11 is terminated.
[0096] In the next cycle of execution of the gradual-
return control routine of Fig. 11, the flag Xret is set in the
OFF state, and no operation is practically performed.
Since the flag Xqcy is set in the ON state, the compen-
sation amount calculation according to the calculating
routine of Fig. 3 may be practically effected. Since the
flag Xtst is in the OFF state, the preliminary diagnosis
according to the routine of Figs. 7 and 8 may be initiated,
while the main diagnosis according to the routine of
Figs. 9 and 10 is not practically effected.

[0097] Where the fuel supply system for any one of
the four cylinders is not diagnosed to be defective, as
described above, the cylinder-compensation-amount
calculating routine of Fig. 3 and the preliminary-diagno-
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sis routine of Figs. 7 and 8 are again executed in the
same manners as described above.

[0098] The time chart of Fig. 12 shows an example in
which the fuel supply system for any cylinder is diag-
nosed to be defective. In this time chart, the DELAY
counter Dcnt has exceeded the threshold Td with the
affirmative decision (YES) obtained in step S350 in the
preliminary-diagnosis routine of Figs. 7 and 8, at a point
of time "t1", and steps S390-S450 are implemented. As
aresult, the absolute value of the compensation amount
qcy[2] is larger than the threshold A with the negative
decision (NO) obtained in step S420, so that the UN-
DER-DIAGNOSIS flag Xtst is set in the ON state in step
S440.

[0099] The CALCULATION PERMIT flag Xqcy is set
in the OFF state in step S560 in the main-diagnosis rou-
tine of Figs. 9 and 10, and the compensation amount
qcy[1] for the cylinder #1 is gradually reduced during a
time period between points of time "t1" and "t2" and
gradually increased during a time period between points
of time "t2" and "t3", since the amount qcy[1] is equal to
or larger than zero. Since the compensation amount qcy
[1] for the cylinder #1 is diagnosed to be normal, the
compensation amount qcy[2] for the cylinder #2 is grad-
ually reduced during a time period between points of
time "t3" and "t4" and gradually increased during a time
period between points of time "t4" and "t5", since the
amount qcy[2] is equal to or larger than zero. Since the
compensation amount qcy[2] for the cylinder #2 is also
diagnosed to be normal, the compensation amount qcy
[3] for the cylinder #3 is gradually increased during a
time period between points of time "t5" and "t6" and
gradually reduced during a time period between points
of time "t6" and "t7", since the amount qcy[3] is smaller
than zero. Since the compensation amount qcy[3] for
the cylinder #3 is also diagnosed to be normal, the com-
pensation amount qcy[4] for the cylinder #4 is gradually
reduced during a time period between points of time "t7"
and "t8" and gradually increased during a time period
between points of time "t8" and "t9", since the amount
qcy[4] is equal to or larger than zero. Since the compen-
sation amount qcy[4] for the cylinder #4 is also diag-
nosed to be normal, the GRADUAL RETURN flag Xret
is reset to the OFF state in step S880, and the CALCU-
LATION PERMIT flag Xqcy is reset to the ON state in
step S900, while the UNDER-DIAGNOSIS flag Xtst is
reset to the OFF state. Accordingly, the compensation
amount calculation according to the cylinder-compen-
sation-amount calculating routine of Fig. 3 and the pre-
liminary diagnosis according to the preliminary-diagno-
sis routine of Figs. 7 and 8 are practically initiated, while
the main diagnosis according to the main-diagnosis rou-
tine of Figs. 9 and 10 is not practically effected.

[0100] If, for example, the fuel injection valve 4 for the
cylinder #2 becomes defective in its function to adjust
the fuel injection amount, due to deterioration of the
function of its electromagnetic control valve 4a to adjust
its opening time, during execution of the routines de-
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scribed above, the time duration TNH[2] of the cylinder
#2 is longer than the time duration TNH[1] of the cylinder
#1, for instance. Accordingly, the speed variation DNE
[2] calculated according to the above equation (2) in step
S230 is a positive value, and the positive integral com-
pensation amount dqcy is determined in step S240 ac-
cording to the graph of Fig. 6, so that this integral com-
pensation amount dqcy is added to the compensation
amount qcy[2] in step S250. If it is determined in step
S420 in the preliminary-diagnosis routine of Figs. 7 and
8 that the compensation amount qcy[2] becomes larger
than the threshold A, that is, if the negative decision
(NO) is obtained in step S420, as a result of the addition
of the integral compensation amount dqgcy to the com-
pensation amount qcy[2], the UNDER-DIAGNOSIS flag
Xtst is set in the ON state in step S440.

[0101] With the flag Xtst set in the ON state, the main
diagnosis according to the routine of Figs. 9 and 10 is
practically initiated, and fuel supply system for the cyl-
inder #1 is initially diagnosed, by gradually changing the
fuel quantity to be injected from the fuel injection valve
4 for the cylinder #1. In the absence of a defect of the
fuel supply system for the cylinder #1, the absolute value
of the speed variation DNE[1] exceeds the threshold B
before the addition-subtraction term dtst exceeds the
threshold D, that is, the affirmative decision (YES is ob-
tained in step S620 before the affirmative decision
(YES) is obtained in step S630. Accordingly, the fuel
supply system for the cylinder #1 is diagnosed in step
S640 to be normal. After the compensation amount gcy
[1] is returned to the original value, the main diagnosis
of the fuel system for the cylinder #2 is initiated accord-
ing to the routine of Figs. 9 and 10. In this specific ex-
ample in which the electromagnetic control valve 4a for
the cylinder #2 is deteriorated in its function of adjusting
its opening time, the quantity of the fuel injection into the
cylinder #2 is not actually changed according to a com-
mand applied to the electromagnetic control valve 4a of
the corresponding fuel injection valve, even if the com-
manded value of the fuel quantity to be injected from the
fuel injection valve 4 into the cylinder #2 is gradually re-
duced, that is, even if the commanded opening time of
the electromagnetic control valve 4a of that fuel injection
valve 4 is gradually reduced, by gradually increasing the
addition-subtraction term dtst in step S590.

[0102] Accordingly, the addition-subtraction term dtst
exceeds the threshold D before the speed variation DNE
[2] exceeds the threshold B, that is, the affirmative de-
cision (YES) is obtained in step S630 before the affirm-
ative decision (YES) is obtained in step S620. This is
indicated by one-dot chain line in Fig. 12 in which "ta"
indicates a point of time at which the addition-subtrac-
tion term dtst exceeds the threshold D.

[0103] Accordingly, the fuel supply system for the cyl-
inder #2 is diagnosed in step S690 to be defective, and
a suitable remedial operation is performed in step S700
to deal with the defect. Namely, the normal control of the
diesel engine 2 is interrupted, and the remedial opera-
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tion such as a "limp-home" processing is initiated. Step
S700 is followed by step S710 to set the UNDER-DIAG-
NOSIS flag Xtst in the OFF state, and one cycle of ex-
ecution of the routine is terminated.

[0104] In the first embodiment of this invention which
has been described above, the cylinder-compensation-
amount calculating routine of Fig. 3 corresponds to feed-
back control means for feedback-controlling the fuel
supply system, while the preliminary-diagnosis routine
of Figs. 7 and 8, main-diagnosis routine of Figs. 9 and
10 and gradual-return control routine of Fig. 11 corre-
spond to diagnosing means for diagnosing the fuel sup-
ply system for each cylinder.

[0105] The diagnosing apparatus according to the
first embodiment described above has the following ad-
vantages: (1) The main-diagnosis routine of Figs. 9 and
10 and the gradual-return control routine of Fig. 11 are
formulated to make an adjustment of the operating con-
dition of the fuel supply system for each cylinder, for
thereby diagnosing the fuel supply system. Thus, the fu-
el supply system is not diagnosed only on the basis of
the cylinder compensation amount qcy[K] calculated in
the cylinder-compensation-amount calculating routine
of Fig. 3. The present diagnosing apparatus permits ac-
curate diagnosis of the fuel supply system for not only
a sticking defect of the electromagnetic control valve 4a
of the fuel injection valve 4, but also other abnormalities
regarding the opening and closing actions of the vale
4a, such as deterioration of its function to adjust its
opening time.

[0106] The main-diagnosis routine of Figs. 9 and 10
and the gradual-return control routine of Fig. 11 are ex-
ecuted when the absolute value of the cylinder compen-
sation amount qcy[K] calculated according to the cylin-
der-compensation-amount calculating routine of Fig. 3
becomes larger than the threshold A. That is, when the
cylinder compensation amount qcy[K] is outside the pre-
determined reference range, there is a high possibility
that the fuel supply system is defective. In this case, the
main-diagnosis routine of Figs. 9 and 10 and the grad-
ual-return control routine of Fig. 11 are executed. This
arrangement assures improved accuracy of diagnosis
of the fuel supply system for abnormality.

[0107] Further, the diagnostic adjustment of the oper-
ating condition of the fuel supply system only when the
cylinder compensation amount qcy[K] is outside the ref-
erence range prevents an unnecessary change of the
combustion state of each cylinder, and prevents deteri-
oration of the fuel economy and exhaust emission of the
diesel engine 2, and minimizes the vibration of the diesel
engine 2 due to a variation in its rotation speed.

[0108] (2) According to the main-diagnosis routine of
Figs. 9 and 10 and the gradual-return control routine of
Fig. 11, the execution of the cylinder-compensation-
amount calculating routine of Fig. 3 is terminated when
the cylinder compensation amount qcy[K] falls outside
the reference range. Then, the compensation amount
qcy[K] for the presently selected one of the cylinders is
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increased or reduced for the diagnostic purpose. On the
basis of the speed variation of the diesel engine 2 which
is caused by the increase or reduction of the compen-
sation amount qcy[K], the fuel supply system for the
presently selected cylinder #K is diagnosed for abnor-
mality.

[0109] The main-diagnosis routine of Figs. 9 and 10
is arranged to diagnose the fuel supply system for the
presently selected cylinder such that the fuel supply sys-
tem is normal if the rotation speed of the diesel engine
2 varies in accordance with the diagnostic increase or
reduction of the compensation amount qcy[K], and is de-
fective if the rotation speed does not vary in accordance
with the diagnostic increase or reduction of the compen-
sation amount qcy[K]. This arrangement permits effi-
cient and higher accuracy of diagnosis of the fuel supply
system.

[0110] (3) The compulsory diagnostic increase or re-
duction of the cylinder compensation amount qcy[K] is
gradually implemented. This gradual increase or reduc-
tion of the cylinder compensation amount qcy[K] is ef-
fective to minimize the vibration of the diesel engine 2
due to its speed variation caused by the diagnostic in-
crease or reduction. Further, the cylinder compensation
amount qcy[K] is gradually returned to the original value
before the gradual diagnostic increase or reduction is
effected. This gradual return is also effective to minimize
the vibration of the diesel engine 2 due to its speed var-
iation caused by the reverse change of the cylinder com-
pensation amount.

[Second Embodiment]

[0111] In the first embodiment of this invention which
has been described, the main-diagnosis routine of Figs.
9 and 10 and the gradual-return control routine of Fig.
11 are executed for all of the cylinders, when the com-
pensation amount qcy[K] for any one of the cylinders
falls outside the predetermined reference range. The
defective state of the fuel supply system for a given cyl-
inder tends to have a significant influence on the com-
pensation amounts qcy[K] of the cylinders whose com-
bustion strokes take place one stroke before and after
the combustion stroke of the cylinder whose fuel supply
system is defective. In view of this tendency, the main-
diagnosis routine of Figs. 9 and 10 and the gradual-re-
turn control routine of Fig. 11 may be executed for only
the three cylinders indicated above, namely, the cylinder
whose compensation amount qcy[K] falls outside the
reference range, and the two cylinders whose combus-
tion strokes precede and follow that of the cylinder
whose compensation amount is outside the reference
range. Thus, the diagnosis may be limited to the cylin-
ders which are comparatively likely to be defective. This
arrangement makes it possible to minimize the time re-
quired for execution of the main-diagnosis routine of
Figs. 9 and 10 and the gradual-return control routine of
Fig. 11, resulting in an accordingly reduced influence of
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the diagnosis on the vibration and exhaust emission of
the diesel engine 2.

[Third Embodiment]

[0112] The main-diagnosis routine of Figs. 9 and 10
in the first embodiment is formulated such that the step
S690 in which the fuel supply system for a given cylinder
is diagnosed when the affirmative decision (YES) is ob-
tained in step S630 is followed by the step S700 in which
a suitable remedial operation is performed to deal with
the defect. In this case, the diagnosis of the other cylin-
der or cylinders is not effected. However, the main-di-
agnosis routine of Fig. 9 may be modified as shown in
the flow chart of Fig. 13, which corresponds to Fig. 10.
In this modified routine, the control flow goes to step
S650 when the fuel supply system for a given cylinder
is diagnosed to be defective in step S690, on the basis
of the affirmative decision (YES) in step S630. Thus, the
fuel supply systems for all of the cylinders are diagnosed
according to this modified routine, so that all cylinders
whose fuel supply systems are defective can be identi-
fied, where the fuel supply systems for two or more of
the cylinders are defective. The third embodiment is fur-
ther arranged to execute a gradual-return control routine
illustrated in the flow chart of Fig. 14, in place of the grad-
ual-return control routine of Fig. 11 used in the first em-
bodiment, when the fuel supply system for any one of
the cylinders is diagnosed to be defective. According to
the gradual-return control routine of Fig. 14, steps
S900-S911 implemented when the value "m-1" be-
comes equal to "4", thatis, when the affirmative decision
(YES) is obtained in step S890, are followed by step
S912 to determine whether fuel supply system for any
one of the cylinders is defective. If none of the fuel sup-
ply systems for all of the cylinders are defective, that is,
if a negative decision (NO) is obtained in step S912, one
cycle execution of the routine is terminated. If the fuel
supply system for any one of the cylinders is defective,
thatis, if an affirmative decision (YES) is obtained in step
S912, the control flow goes to step S914 in which the
suitable remedial operation is performed to deal with the
defect. In step S912, the normal operation of the diesel
engine 2 is terminated, and the remedial operation such
as the "limp-home" processing is initiated to deal with
the defect. The limp-home processing is an operation to
save data in software to minimize problems which would
be caused by the defective fuel supply system.

[Fourth Embodiment]

[0113] In the first embodiment, the diagnostic change
of the cylinder compensation amount qcy[K] is effected
only once, and the fuel supply system for a given cylin-
der is diagnosed to be defective if the speed of the en-
gine does not vary in accordance with the diagnostic
change of the compensation amount qcy of that cylinder.
However, the accuracy of the diagnosis may be im-
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proved by effecting two or more diagnostic gradual
changes of the compensation amount qcy[K] of each
cylinder. In this case, the fuel supply system for a given
cylinder is diagnosed to be defective only if the speed
of the engine does not vary in accordance with all of the
two more diagnostic gradual changes of the compensa-
tion amount qcy[K]. Alternatively, the diagnosis may be
effected depending upon the number of the diagnostic
gradual changes by which the engine speed varies ac-
cordingly, and the number of the diagnostic gradual
changes by which the engine speed does not vary ac-
cordingly. Further alternatively, the fuel supply system
may be diagnosed to be defective if the engine speed
does not vary in accordance with any one of the two or
more diagnostic gradual changes. The fourth embodi-
ment of this invention employs any one of the alternative
diagnostic methods described above.

[0114] While the first through fourth embodiments of
the present invention have been described above, the
present invention may cover other embodiments such
as the following modifications and variants:

(1) An apparatus for diagnosing a fuel supply sys-
tem of an internal combustion engine provided with
feedback control means for determining a compen-
sation amount on the basis of a deviation of an ac-
tual operating state of the internal combustion en-
gine with respect to a desired operating state there-
of, and controlling the fuel supply system in a feed-
back fashion by compensating a commanded value
of a quantity of injection of a fuel by the fuel supply
system into the internal combustion engine, accord-
ing to the compensation amount, so that the internal
combustion engine is operated in the desired oper-
ating state, characterized by comprising diagnosing
means for diagnosing the fuel supply system by ef-
fecting a diagnostic adjustment of an operating con-
dition of the fuel supply system.

(2) The apparatus characterized in that the above-
indicated diagnosing means for diagnosing the fuel
supply system by effecting the diagnostic adjust-
ment of the operating condition of the fuel supply
system is arranged to terminate or inhibit the feed-
back control by the feedback control means when
the compensation amount for any one of cylinders
of the internal combustion engine falls outside the
predetermined reference range, and is further ar-
ranged to effect diagnostic adjustments of the op-
erating conditions of the fuel supply systems for the
above-indicated one cylinder and the two cylinders
whose combustion strokes take place one stroke
before and after that of the above-indicated one cyl-
inder, so that those fuel supply systems are diag-
nosed on the basis of a result of the diagnostic ad-
justments.

(3) The apparatus characterized in that the above-
indicated diagnosing means is arranged to effect a
diagnostic increase or reduction of the compensa-
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tion amount of each of selected at least one of cyl-
inders of the internal combustion engine, and diag-
nosing the fuel supply system for each selected cyl-
inder to be normal when an amount of a variation
of the rotation speed of the internal combustion en-
gine caused by the diagnostic increase or reduction
of the compensation amount is larger than a prede-
termined threshold, and defective when the amount
of the variation is not larger than the predetermined
threshold.

[0115] While the present invention has been de-
scribed above in its presently preferred embodiments,
it is to be understood that the present invention is not
limited to the details of the preferred embodiments, but
may be embodied with various other changes, modifi-
cations and equivalents of the illustrated embodiments.
In addition, while the various elements of the preferred
embodiments are shown in specific combinations and
configurations, for illustrative purpose only, other com-
binations and configurations, including more or less el-
ements or only a single element, are also within the
scope of the present invention.

Apparatus and method for diagnosing a fuel supply sys-
tem of an internal combustion engine wherein a com-
pensation amount (qcy) for each cylinder is determined
on the basis of a deviation (DNE) of an actual operating
state of the engine with respect to a desired operating
state thereof, and the fuel supply system is feedback-
controlled by compensating a commanded value (QFIN)
of a quantity of injection of a fuel by the fuel supply sys-
tem into the internal combustion engine, according to
the compensation amount. The apparatus and method
include respectively include a diagnosing device (52)
and a diagnostic step for effecting a diagnostic compul-
sory adjustment (in steps S590 and S600) of an oper-
ating condition of the fuel supply system for each cylin-
der when the absolute value of the compensation
amount (qcy) exceeds a predetermined threshold (A)
(when affirmative decision is obtained in step S550),
and for diagnosing the fuel supply system on the basis
of a speed variation of the engine cause by the adjust-
ment.

Claims

1. An apparatus for diagnosing a fuel supply system
of an internal combustion engine (2) provided with
feedback control means (52) for determining a com-
pensation amount (qcy) for compensating a com-
manded value (QFIN) of a quantity of injection of a
fuel by the fuel supply system into the internal com-
bustion engine (2) on the basis of a deviation (DNE)
of an actual operating state of the internal combus-
tion engine (2) with respect to a desired operating
state thereof, and for controlling the fuel supply sys-
tem in a feedback fashion by compensating a said
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commanded value (QFIN), according to the com-
pensation amount (qcy), so that the actual speed
(NE) coincides with the desired speed, character-
ized by comprising:

diagnosing means (52) for diagnosing the fuel
supply system by compulsorily effecting a diag-
nostic adjustment of an operating condition of
the fuel supply system when the compensation
amount (qcy) falls outside a predetermined ref-
erence range (A).

An apparatus according to claim 1, characterized
in that the feedback control means (52) detects an
amount of variation (TNH) of the actual operating
state of the internal combustion engine (2) while the
internal combustion engine (2) is in an idling state,
calculates the deviation (DNE) of the amount of var-
iation (TNH) of the actual operating state in the
idling state with respect to a desired amount of var-
iation thereof, determines the compensation
amount (qcy) of each cylinders (#1 - #4) of the in-
ternal combustion engine (2) on the basis of said
deviation (DNE), and compensates the command-
ed value (QFIN) of the quantity of injection of the
fuel by the fuel supply system into each cylinder,
according to the determined compensation amount
(qcy), so that the internal combustion engine (2) is
operated in the desired operating state.

An apparatus according to claim 2, characterized
in that the diagnosing means (52) is operable when
the compensation amount (qcy) of any one of the
cylinders (#1 - #4) falls outside the predetermined
reference range (A), to terminate an operation of the
feedback control means (52) and compulsorily ef-
fect the diagnostic adjustment of the operating con-
dition of the fuel supply system for said any one of
the cylinders (#1 - #4).

An apparatus according to claim 2, characterized
in that the diagnosing means (52) is operable when
the compensation amount (qcy) of any one of the
cylinders (#1 - #4) falls outside the predetermined
reference range (A), to terminate an operation of the
feedback control means and compulsorily effect the
diagnostic adjustments of the operating conditions
of the fuel supply systems for selected ones of the
cylinders (#1 - #4) of the internal combustion engine
(2), which selected ones include said any one cyl-
inder (#1 - #4).

An apparatus according to claim 3 or 4, character-
ized in that the diagnosing means (52) is operable
to compulsorily effect a diagnostic increase or re-
duction of the compensation amount (qcy) of each
of selected at least one of cylinders (#1 - #4) of the
internal combustion engine (2), and diagnosing the
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fuel supply system for each selected cylinder (#1 -
#4), on the basis of a variation (DNE) in the actual
operating state of the internal combustion engine
(2) which is caused by the diagnostic compulsory
increase or reduction of the compensation amount

(qcy).

An apparatus according to claim 5, characterized
in that the diagnosing means (52) is operable to
diagnose the fuel supply system for each selected
cylinder (#1 - #4) to be normal when the actual op-
erating state of the internal combustion engine (2)
varies in accordance with the diagnostic compulso-
ry increase or reduction of the compensation
amount (qcy), and defective when the actual oper-
ating state does not vary in accordance with the di-
agnostic compulsory increase or reduction of the
compensation amount (qcy).

An apparatus according to claim 6, characterized
in that the diagnosing means (52) is operable to
effect a plurality of diagnostic compulsory increases
or reductions of the compensation amount (qcy) of
each of said selected at least one of cylinders (#1 -
#4) of the internal combustion engine (2), and diag-
nosing the fuel supply system for each cylinder (#1
- #4) to be defective only when the variations (DNE)
of the actual operating state of the engine (2)
caused by all of the plurality of diagnostic compul-
sory increases or reductions indicate that the fuel
supply system for said each cylinder (#1 - #4) is de-
fective.

An apparatus according to claim 5 or 7, character-
ized in that the diagnosing means (52) gradually
increases or reduces the compensation amount
(qcy) when the diagnostic increase or reduction is
compulsorily executed.

An apparatus according to any one of claims 5
through 8, characterized in that the diagnosing
means (52) gradually returns the compensation
amount (qcy) to an original value after the diagnos-
tic increase or reduction of the compensation
amount (qcy) is compulsorily executed.

A method of diagnosing a fuel supply system of an
internal combustion engine (2) wherein the fuel sup-
ply system is feedback-controlled such that the in-
ternal combustion engine (2) is operated in a de-
sired operating state, characterized by comprising
the steps of:

calculating a deviation (DNE) of an amount of
variation (TNH) of an actual operating state with
respect to a desired amount of variation there-
of;

determining a compensation amount (qcy) for
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compensating a commanded value (QFIN) of a
quantity of injection of a fuel by the fuel supply
system into the internal combustion engine (2)
of each of cylinders (#1 - #4) of the internal
combustion engine (2) on the basis of said de-
viation (DNE);

determining whether the determined compen-
sation amount (qcy) falls outside a predeter-
mined reference range (A); and

diagnosing the fuel supply system by interrupt-
ing a feedback control of the fuel supply system
and compulsorily effecting a diagnostic adjust-
ment of an operating condition of the fuel supply
system when the determined compensation
amount (qcy) falls outside the predetermined
reference range (A).

A method according to claim 10, characterized in
that said step of diagnosing the fuel supply system
comprises a diagnostic compulsory increase or re-
duction of the compensation amount (qcy) of each
of selected at least one of cylinders (#1 - #4) of the
internal combustion engine (2), and diagnosing the
fuel supply system for each selected cylinder (#1 -
#4), on the basis of a variation (DNE) in the actual
operating state of the internal combustion engine
(2) which is caused by the diagnostic compulsory
increase or reduction of the compensation amount

(qcy).

A method according to claim 11, characterized in
that said step of diagnosing the fuel supply system
comprises diagnosing the fuel supply system for
each selected cylinder (#1 - #4) to be normal when
the actual operating state of the internal combustion
engine (2) varies in accordance with the diagnostic
compulsory increase or reduction of the compensa-
tion amount (qcy), and defective when the actual
operating state does not vary in accordance with the
diagnostic compulsory increase or reduction of the
compensation amount.

A method according to claim 11 or 12, character-
ized in that the compensation amount (qcy) is grad-
ually increased or reduced when the diagnostic in-
crease or reduction is compulsorily executed.

A method according to claim 11 or 12, character-
ized in that the compensation amount (qcy) is grad-
ually returned to an original value after the diagnos-
tic increase or reduction of the compensation
amount (qcy) is compulsorily executed.

A method according to any one of claims 10 through
14,

characterized in that

the amount of variation (TNH) of the actual operat-
ing state of the internal combustion engine (2) is de-
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tected while the internal combustion engine (2) is in
an idling state.
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FIG. 2

(FUEL-INJECTION QUANTITY CONTROL ROUTINE )
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FIG. 3
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FIG. 4
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FIG. 6
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FIG. 7

PRELIMINARY-DIAGNOSIS ROUTINE
OF FUEL SUPPLY SYSTEM
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FIG. 8
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FIG. 9

MAIN-DIAGNOSIS ROUTINE OF
FUEL SUPPLY SYSTEM
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FIG. 10
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FIG. 11

( GRADUAL-RETURN CONTROL ROUTINE )
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FIG. 13
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FIG. 14

(GRADUAL-RETURN GONTROL ROUTINE )
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