
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
37

1 
83

6
A

2
*EP001371836A2*
(11) EP 1 371 836 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
17.12.2003 Bulletin 2003/51

(21) Application number: 03013060.3

(22) Date of filing: 10.06.2003

(51) Int Cl.7: F02D 41/06, F02D 41/22,
F02M 51/00

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HU IE IT LI LU MC NL PT RO SE SI SK TR
Designated Extension States:
AL LT LV MK

(30) Priority: 10.06.2002 JP 2002169008
13.05.2003 JP 2003134554

(71) Applicant: NISSAN MOTOR COMPANY, LIMITED
Yokohama-shi, Kanagawa 221-0023 (JP)

(72) Inventors:
• Semii, Kazuhiro

Yokohama-shi, Kanagawa 233-0002 (JP)
• Yamamoto, Naoki

Kawasaki-shi, Kanagawa 214-0012 (JP)

(74) Representative: Grünecker, Kinkeldey,
Stockmair & Schwanhäusser Anwaltssozietät
Maximilianstrasse 58
80538 München (DE)

(54) Fuel supply control system for internal combustion engine

(57) A fuel supply control system is arranged to ex-
ecute a first diagnosis based on the a fuel injection quan-
tity (Qi) and a fuel pump discharge quantity (Q) after a
feedback control of a fuel pressure (p) is started, to ex-
ecute a second diagnosis when a result of the first diag-
nosis is NG or when the fuel pump discharge quantity
(Q) approximately takes one of a maximum quantity
(MAX) or minimum quantity (MIN) of the fuel pump dis-
charge quantity, and to make a NG decision in the sec-
ond diagnosis when a condition of a magnitude of a dif-
ference (Pcal) between a target fuel pressure (Pt) and
an actual fuel pressure (P) is greater than a predeter-
mined pressure is maintained for a predetermined time
period (T).



EP 1 371 836 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

[0001] The invention relates to a fuel supply control
system of an internal combustion engine which system
variably controls a fuel discharge quantity of a fuel pump
according to a demand fuel injection quantity of fuel in-
jectors and which diagnoses an abnormality of the fuel
supply control system of executing a feedback control
of a fuel discharge pressure.
[0002] Japanese Patent Provisional Publication No.
10-176589 discloses a fuel supply control system which
comprises a high-pressure fuel pump of a variable dis-
placement type. This high-pressure fuel pump is ar-
ranged to execute a feedback control of a fuel discharge
pressure. A diagnosis method based on a correspond-
ence between a fuel discharge quantity and the fuel dis-
charge pressure (fuel pressure) is employed for diag-
nosing the abnormality of the fuel supply control system.
Further, this diagnosis method is arranged to determine
the abnormality of the fuel supply control system when
the fuel pressure with respect to the fuel discharge
quantity becomes out of a normal zone.

SUMMARY OF THE INVENTION

[0003] However, since the fuel pressure is determined
from a flow rate balance (ratio) between a fuel discharge
quantity of a fuel pump and a fuel injection quantity of
fuel injectors, the fuel pressure range determined from
the flow rate range in a normal use is very expanded.
This largely decreases the abnormal decisive fuel pres-
sure range and degrades the diagnosis accuracy.
[0004] It is therefore an object of the present invention
to provide a diagnosis system which is capable of accu-
rately diagnosing a fuel supply control system of feed-
back controlling a fuel pressure while variably control-
ling a fuel discharge quantity of a fuel pump.
[0005] An aspect of the present invention resides in a
fuel supply control system for an internal combustion en-
gine controlling a fuel discharge pressure according to
an engine operating condition. The fuel supply control
system comprises a fuel pump capable of varying a fuel
discharge quantity of fuel; a fuel passage connected to
the fuel pump; a fuel injector injecting the fuel supplied
through the fuel passage from the fuel pump into the
internal combustion engine; a pressure detector con-
nected to the fuel passage, the pressure detector de-
tecting a fuel pressure of the fuel in the fuel passage;
and a control unit connected to the fuel pump, the fuel
injector and the pressure detector. The controller is con-
figured to determine a target fuel pressure according to
the engine operating condition, to control the fuel pump
to bring the fuel pressure closer to the target fuel pres-
sure, and to diagnose an abnormality of the fuel supply
control system on the basis of the fuel discharge quan-
tity and a fuel injection quantity injected from the fuel

injector.
[0006] Another aspect of the present invention re-
sides in a method of controlling a fuel discharge pres-
sure of fuel supplied to an internal combustion engine
according to an engine operating condition. The method
comprises an operation of determining a target fuel
pressure according to the engine operating condition,
an operation of controlling a fuel pump to bring a fuel
pressure of the fuel pump closer to the target fuel pres-
sure, and an operation of diagnosing an abnormality of
a fuel supply control system on the basis of a fuel dis-
charge quantity of the fuel pump and a fuel injection
quantity of a fuel injector.
[0007] The other objects and features of this invention
will become understood from the following description
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a schematic view showing a construc-
tion of a fuel supply control system according to an em-
bodiment of the present invention.
[0009] Fig. 2 is a flowchart showing a pump discharge
quantity calculation processing executed by a control
unit shown in Fig. 1.
[0010] Fig. 3 is a graph showing a map for retrieving
a target fuel pressure from an engine speed and a target
torque.
[0011] Fig. 4 is a graph showing a map for retrieving
a fuel injection quantity from the engine speed and the
target torque.
[0012] Fig. 5 is a graph showing a map for retrieving
a basic discharge quantity of a fuel pump from the en-
gine speed and the fuel injection quantity corresponding
to the load.
[0013] Fig. 6 is a flowchart showing a diagnosis
processing executed by the control unit shown in Fig. 1.
[0014] Fig. 7 is a graph showing a map employed in
the first diagnosis of the processing shown in Fig. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Referring to the drawings, there will be dis-
cussed an embodiment of a fuel supply control system
according to the present invention.
[0016] Fig. 1 shows the fuel supply control system
which is for an in-cylinder direct-injection internal com-
bustion engine and which is provided with a high-pres-
sure fuel pump, in accordance with the present inven-
tion.
[0017] As shown in Fig. 1, an electric low-pressure fu-
el pump (feed pump) 2 is disposed in a fuel tank 1 and
feeds fuel to a low-pressure regulator 4 through a fuel
filter 3. Low-pressure regulator 4 regulates a pressure
of the fuel at a predetermined low-pressure such as a
pressure ranging from 0.3 to 0.5 MPa. The pressure-
regulated fuel is fed to a high-pressure fuel pump 6
through a low-pressure fuel passage 5, and is then fed
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to fuel injectors 8 through a high-pressure passage 7. A
fuel pressure sensor 9 is attached to high-pressure pas-
sage 7. Fuel pressure sensor 9 detects the pressure P
of the pressurized fuel and outputs a fuel pressure signal
indicative of the pressure P in high-pressure passage 7
to a control unit 10. Control unit 10 further receives a
signal indicative of an engine speed N detected by a
crank angle sensor 11, and a cylinder decision signal
outputted from a cylinder decision sensor 12.
[0018] Control unit 10 outputs a control signal to an
electromagnetic valve 6a of high-pressure fuel pump 6
so that a fuel discharge quantity Q discharged from a
pump main body 6b of high pressure fuel pump 6 is var-
iably controlled. Therefore, the pressure P in high-pres-
sure passage 7 is capable of being controlled at a de-
sired high pressure ranging from 3 to 15 MPa according
to the control signal outputted from control unit 10.
[0019] The fuel supply control system is arranged
such that fuel pressure P is feedback controlled accord-
ing to a flow rate balance (ratio) between fuel discharge
quantity Q of high-pressure fuel pump 6 and a fuel in-
jection quantity Qi injected from fuel injectors 8. There-
fore, a controlled factor of the fuel pressure feedback
control is fuel discharge quantity Q of high-pressure fuel
pump 6. When actual fuel pressure P detected by fuel
pressure sensor 9 is lower than a target fuel pressure
Pt, control unit 10 controls the fuel pressure so as to
bring actual fuel pressure P closer to target fuel pressure
Pt by increasing fuel discharge quantity Q of high-pres-
sure fuel pump 6. When actual fuel pressure P is higher
than target fuel pressure Pt, control unit 10 controls the
fuel pressure so as to bring actual fuel pressure P closer
to target fuel pressure Pt by decreasing fuel discharge
quantity Q of high-pressure fuel pump 6.
[0020] Practically, fuel pressure P in the high-pres-
sure line is determined based on fuel discharge quantity
Q of high-pressure fuel pump 6, fuel injection quantity
Qi of fuel injectors 8, a bulk modulus of fuel, a rigidity of
high pressure passage (conduit) 7, a volume of the high
pressure portion.
[0021] Suction/discharge of high-pressure fuel pump
6 is executed by a pump drive cam interconnected with
a camshaft of the engine, and high-pressure fuel pump
6 operates at times corresponding to the number of cyl-
inders or half of the number of the cylinders of the engine
per one rotation of pump drive cam.
[0022] After the low-pressure fuel of a pumping stroke
volume is sucked from fuel tank 1 into high-pressure fuel
pump 6 during the suction process of high-pressure fuel
pump 6, a pump chamber of high-pressure fuel pump 6
is shut off from an upstream side corresponding to the
low pressure side by closing electromagnetic valve 6a
at a proper timing during the discharge process. By
these series operations, the pressure of the fuel is in-
creased and sent to high-pressure fuel passage 7.
[0023] A necessary discharge quantity of high-pres-
sure fuel pump 6 is calculated from target fuel pressure
Pt and fuel injection quantity Qi, and the closing opera-

tion timing of electromagnetic valve 6a which is control-
led on the basis of engine speed N detected by crank
angle sensor 11, and a pump cam phase detected from
the cylinder decision signal outputted from cylinder de-
cision sensor 12.
[0024] There is discussed the procedure of determin-
ing a fuel discharge quantity of high-pressure fuel pump
6 with reference to Fig. 2. This program shown in Fig. 2
is a routine executed by control unit 10 at predetermined
time intervals.
[0025] At step S10 of Fig. 2, control unit 10 reads en-
gine operation indicative data including engine speed
N, an output of an airflow meter, actual fuel pressure P
detected by fuel pressure sensor 9, a detection value of
an accelerator manipulation quantity, and other data re-
lating to the engine operation.
[0026] At step S20 control unit 10 calculates a load To
(a target torque) of the engine on the basis of the engine
operation data read in step S10.
[0027] At step S30 control unit 10 calculates a target
fuel pressure Pt by retrieving data indicative of target
fuel pressure Pt from a map shown in Fig. 3 with refer-
ence to engine speed N and load To (target torque) of
the engine. The map of Fig. 3 shows a relationship
among target fuel pressure Pt, engine speed N and load
(target torque) To and has been previously stored in a
memory of control unit 10. As is apparent from Fig. 3,
target fuel pressure Pt is selected from predetermined
several pressures A, B and C (MPa) according to engine
speed N and load To, and the predetermined several
pressures A, B and C (MPa) has been set to produce
the optimal combustion state.
[0028] At step S40 control unit 10 calculates a fuel in-
jection quantity Qi by retrieving fuel injection quantity Qi
from a map shown in Fig. 4 with reference to engine
speed N and load To (target torque). This map shown
in Fig. 4 has been previously stored in the memory of
control unit 10. As is apparent from Fig. 4, fuel injection
quantity Qi tends to increase as engine speed N and/or
load To increases.
[0029] At step S50 control unit 10 calculates a differ-
ence Pcal by subtracting actual fuel pressure P from tar-
get fuel pressure Pt (Pcal=Pt-P).
[0030] At step S60 control unit 10 calculates a correc-
tion quantity Qh for pump discharge quantity Q by mul-
tiply difference Pcal calculated at step S50 and a fuel
pressure feedback gain K of a constant value which has
been previously stored in the memory of control unit 10
(Qh=Pcal3K).
[0031] At step S70 control unit 10 calculates pump
discharge quantity Q by retrieving a basic pump dis-
charge quantity Qbas from a map shown in Fig. 6 with
reference to engine speed N and load To corresponding
to fuel injection quantity Qi and by adding the obtained
basic pump discharge quantity Qbas and correction
quantity Qh obtained at step S60 (Q=Qbas+Qh). The
map shown in Fig. 5 shows a relationship among basic
pump discharge quantity Qbas, engine speed N and
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load To (target torque) and has been previously stored
in a memory of control unit 10. As is apparent from Fig.
5, basic pump discharge quantity Qbas tends to in-
crease as engine speed N and/or load To increases.
[0032] Further, control unit 10 executes a diagnosis
for accurately diagnose an abnormal state (trouble-
shoot) of the fuel supply system. Fig. 6 shows such a
diagnosis procedure executed by control unit 10.
[0033] At step S110 of Fig. 6, control unit 10 deter-
mines whether or not a diagnosis start condition is sat-
isfied. When the determination at step S110 is affirma-
tive, the routine proceeds to step S120. When the de-
termination at step S110 is negative, the routine repeats
step S110 until the affirmative determination is made at
step S110.
[0034] The diagnosis start condition will be discussed
hereinafter. Control unit 10 executes the fuel feedback
control so as to variably adjust the fuel discharge quan-
tity Q of high-pressure fuel pump 6, with respect to a
necessary fuel supply quantity calculated from the tar-
get fuel pressure Pt and the necessary fuel injection
quantity. More specifically, when a ratio between the fuel
injection quantity Qi and the fuel discharge quantity Q
is 1:1, the flow rate balance therebetween is balanced,
and therefore the fuel pressure is kept constant. When
the fuel pressure should be increased, the fuel dis-
charge quantity Q of high-pressure fuel pump 6 is tem-
porally increased and is then controlled so that the flow
rate balance is adjusted to 1:1 after a moment when the
actual fuel pressure P reaches the target fuel pressure
Pt. When the fuel pressure should be decreased, the
fuel discharge quantity Q of high-pressure fuel pump 6
is temporally decreased, and is then controlled so that
the flow rate balance is adjusted to 1:1 at a moment
when the actual fuel pressure P reaches the target fuel
pressure Pt.
[0035] Herein, when the signal lines employed to cal-
culate the fuel discharge quantity Q, such as lines to fuel
pressure sensor 9, crank angle sensor 11, and cylinder
decision sensor 12 are put in an abnormal state or in an
unstable state just after the engine startup, it is difficult
to correctly execute the fuel pressure control. Therefore,
the fuel pressure feedback control is suspended under
the abnormal state or during the unstable state.
[0036] Accordingly, the diagnosis start condition ac-
cording to the present invention is determined on the
assumption that the fuel pressure feedback control is
being executed. When the diagnosis start condition is
satisfied, the diagnosis program proceeds from step
S110 to step S120.
[0037] At step S120, control unit 10 starts a first diag-
nosis on the basis of the flow rate balance between fuel
discharge quantity Q of high-pressure fuel pump 6 and
fuel injection quantity Qi of fuel injectors 8. More specif-
ically, control unit 10 determines whether the flow rate
balance is in NG zone or OK zone with reference to a
diagnosis map shown in Fig. 7 on the basis of fuel dis-
charge quantity Q of high-pressure fuel pump 6 and fuel

injection quantity Qi of fuel injectors 8.
[0038] Herein, the NG zone and the OK zone of Fig.
7 have been defined such that when it is possible to en-
sure the demand fuel injection quantity by converging
the actual fuel pressure P into the target fuel pressure
Pt within the normal increasing and decreasing range of
the fuel discharge quantity Q, it is determined that the
flow rate balance is in the OK zone. On the other hand,
when it is not possible to ensure the required fuel injec-
tion quantity by converging the actual fuel pressure P
into the target fuel pressure Pt within the normal increas-
ing and decreasing range, it is determined that the flow
rate balance is in the NG zone. This OK or NG determi-
nation in the first diagnosis is executed taking account
of the variations of parts, the degradation of the perform-
ance, the change of the circumstantial condition such
as the property of the fuel and the fuel temperature. Fur-
ther, an undecided zone adjacent to MAX side repre-
sents a zone where control unit 10 cannot make a NG
decision although control unit 10 controls fuel discharge
quantity Q toward an up-side when the fuel pressure P
is decreased due to any trouble. Similarly, an undecided
zone adjacent to MIN side represents a zone where con-
trol unit 10 cannot make a NG decision although control
unit controls fuel discharge quantity Q toward a down-
side when the fuel pressure P is increased due to any
trouble.
[0039] At step S130 control unit 10 determines wheth-
er or not the result of the first diagnosis indicates that
the flow rate balance is in the NG zone. When the de-
termination at step S130 is affirmative, that is, when it
is determined that flow rate balance is in the NG zone,
the program proceeds to step S140. When the determi-
nation at step S130 is negative, the program proceeds
to step S150.
[0040] At step S140, the control unit 10 makes the NG
decision of the first diagnosis and thereafter the program
proceeds to step S160.
[0041] At step S150 subsequent to the negative de-
termination (OK zone) of step S130. control unit 10 de-
termines whether or not the fuel discharge quantity Q of
high-pressure fuel pump 6 approximately corresponds
to a minimum value MIN or a maximum value MAX
thereof. When the determination at step S150 is nega-
tive, that is, when the fuel discharge quantity Q is not a
quantity adjacent to minimum value MIN or maximum
value MAX, control unit 10 determines that the diagnosis
result of the first diagnosis is normal. Therefore, the pro-
gram returns to step S120 as a result of the negative
determination at step S150, so as to continue the first
diagnosis for the next change of the engine operating
condition.
[0042] On the other hand, when the determination at
step S150 is affirmative, that is, when the fuel discharge
quantity Q of high-pressure fuel pump 6 is close to the
minimum value MIN or the maximum value MAX, the
program proceeds to step S160.
[0043] At step S160 control unit 10 starts a second
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diagnosis on the basis of the fuel pressure. More spe-
cifically, control unit 10 diagnoses the normality of the
fuel supply control system on the basis of an absolute
value of the difference Pcal between target fuel pressure
Pt and actual fuel pressure P.
[0044] At step S170 control unit 10 determines wheth-
er or not the absolute value |Pcal| of the difference Pcal
is greater than or equal to a predetermined value ∆P,
which has been set at a value greater than a width of a
dead zone in the variable control of the fuel discharge
pressure and is particularly set at a value within a range
from |±0.3| through |±0.5| MPa.
[0045] When the determination at step S170 is nega-
tive, that is, when the absolute value |Pcal| of the differ-
ence Pcal is smaller than the predetermined value ∆P,
the program returns to step S120. When the determina-
tion at step S170 is affirmative, that is, when the abso-
lute value |Pcal| of the difference Pcal is greater than or
equal to the predetermined value ∆P, the program pro-
ceeds to step S180.
[0046] At step S180 control unit 10 determines wheth-
er or not a condition of |Pcal| ≥∆P is maintained for a
predetermined time period T. When the determination
at step S180 is affirmative, the program proceeds to step
S190. When the determination at step S180 is negative,
the program returns to step S160.
[0047] At step S190 subsequent to the affirmative de-
termination at step S180, control unit 10 makes the NG
decision (a decision of the abnormality) in the second
diagnosis.
[0048] When the program proceeds to step S190 after
the program proceeds through step S130 and step
S140, that is, when both of the first diagnosis and the
second diagnosis were the NG decision indicative that
the fuel supply control system is in the abnormal state,
the flow rate control of high-pressure fuel pump 6 is put
in a state that it is impossible to converge the actual fuel
pressure P to the target fuel pressure Pt. Therefore, con-
trol unit 10 can diagnose that the fuel supply control sys-
tem is put in a high-level abnormal state in this both NG
state. In contrast, when the first diagnosis was the NG
decision and when the second diagnosis was not the
NG decision, it is possible to converge the actual fuel
pressure P to the target fuel pressure Pt in the flow rate
control range outside of a normal range although it is
impossible to converge the actual fuel pressure P to the
target fuel pressure Pt in the flow rate control within a
normal range. Accordingly control unit 10 diagnoses
that the fuel supply control system is put in a low-level
abnormal state.
[0049] On the other hand, when the program pro-
ceeds through step S150 to step S190, that is, when the
fuel discharge quantity Q of high-pressure fuel pump 6
is approximately the minimum value MIN or the maxi-
mum value MAX and when the second diagnosis is the
NG decision, control unit 10 determines that it is impos-
sible to diagnose the state of the fuel supply system from
the first diagnosis using the flow rate balance and exe-

cutes the second diagnosis. As a result of the second
diagnosis, control unit 10 diagnoses that the fuel supply
system is put in the abnormal state. Under this state, it
is impossible to converge actual fuel pressure P to target
fuel pressure Pt during when fuel discharge quantity Q
is approximately the minimum value MIN or the maxi-
mum value MAX. However, it is not clear whether it is
possible to converge actual fuel pressure P to target fuel
pressure Pt when the engine operating condition is
changed to a condition where the demand fuel injection
quantity takes an intermediate value. That is, although
control unit 10 cannot determine the degree of the ab-
normality of the fuel supply control system, control unit
10 can diagnose that the fuel supply control system has
an abnormality that it is impossible to converge the ac-
tual fuel pressure P to the target fuel pressure Pt in the
flow rate control within the normal range.
[0050] Consequently, although the fuel supply control
system of the embodiment according to the present in-
vention can determine the level of the abnormality as
possible, the degree of the abnormality may not be de-
termined. Further, this fuel supply control system ac-
cording to the present invention may be arranged to ex-
ecute the second diagnosis only when fuel discharge
quantity Q is approximately the minimum value MIN or
the maximum value MAX, without executing the second
diagnosis when the first diagnosis is the NG decision.
[0051] With the thus arranged diagnosis of the fuel
supply control system according to the present inven-
tion, the first diagnosis for diagnosing the abnormality
from fuel discharge quantity Q of high-pressure fuel
pump 6 and fuel injection quantity Qi of fuel injectors 8
is executed as to the fuel supply control system of the
internal combustion engine for executing the feedback
control of actual fuel pressure P while variably control-
ling fuel discharge quantity Q of high-pressure fuel
pump 6 according to the demand fuel injection quantity
of fuel injector 8. Accordingly, it becomes possible to set
the decision value (NG zone) for the diagnosis accord-
ing to the operating condition corresponding to the de-
mand fuel injection quantity. This arrangement improves
the accuracy of the diagnosis of the fuel supply control
system.
[0052] More specifically, since the first diagnosis is ar-
ranged to set the NG zone and the OK zone as shown
in Fig. 7 and to determine that the fuel supply control
system is put in the abnormal state when a difference
between the fuel discharge quantity Q of high-pressure
fuel pump 6 and the fuel injection quantity Qi of fuel in-
jector 8 is greater than or equal to the predetermined
value, it becomes possible to easily execute the first di-
agnosis.
[0053] Further, since the first diagnosis is arranged to
vary a ratio (a width of the OK zone) between the NG
zone and the OK zone shown in Fig. 7 according to the
operating condition corresponding to the demand fuel
injection quantity. and to vary the predetermined value
of the first diagnosis according to the operating condition
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corresponding to the demand fuel injection quantity, it
becomes possible to easily and accurately execute the
diagnosis.
[0054] Furthermore, the diagnosis executed by the fu-
el supply control system according to the present inven-
tion is arranged to execute the second diagnosis differ-
ent from the first diagnosis when the controlled variable
of high-pressure fuel pump 6 is maintained at an adja-
cent value of the upper limit value or lower limit value,
that is, when the fuel discharge quantity Q of high-pres-
sure fuel pump 6 is approximately minimum value MIN
or maximum value MAX. That is, it becomes possible to
change the diagnosis from the first diagnosis to the sec-
ond diagnosis when it is impossible that the first diag-
nosis cannot determine the state of the fuel supply con-
trol system. This extends the diagnosis executable area.
[0055] Since the second diagnosis executed by the
fuel supply control system according to the present in-
vention is arranged to diagnose that the fuel supply con-
trol system is put in the abnormal state when a magni-
tude of the difference Pcal between the actual fuel pres-
sure P and the target fuel pressure Pt is greater than or
equal to the predetermined pressure ∆P, it becomes
possible to accurately diagnose the abnormality of the
fuel supply control system by executing the second di-
agnosis even if the first diagnosis based on the flow rate
balance diagnoses that the fuel supply control system
is put in the normal state when the controlled variable
(fuel discharge quantity Q) of high-pressure fuel pump
6 is maintained at an adjacent value of the upper limit
or the lower limit.
[0056] Further, since the predetermined pressure ∆P
of the second diagnosis is set at a value greater than a
dead-zone width in the variable control of the fuel dis-
charge pressure, the determination as to the abnormal-
ity of the fuel supply control system is certainly execut-
ed. Furthermore, since the predetermined pressure ∆P
may be set at a magnitude (absolute value) ranging from
0.3 through 0.5 MPa (|±0.3| through |±0.5|), which is
greater than the dead zone width, the decision value be-
comes sufficiently smaller than the decision value
(about ±5 MPa) of the fuel discharge pressure employed
in an earlier technology using the fuel discharge quantity
and the fuel discharge pressure of the fuel pump. This
enables the high-accuracy diagnosis in the extended di-
agnosis range.
[0057] Furthermore, since the second diagnosis ac-
cording to the present invention is arranged to diagnose
that the fuel supply control system is put in the abnormal
state when the abnormal state is maintained for the pre-
determined time period T, an erroneous diagnosis
caused by the transient deviation of the fuel pressure is
prevented. Therefore, the reliability of the diagnosis is
further improved.
[0058] This application is based on a prior Japanese
Patent Application No. 2002-169008. The entire con-
tents of the Japanese Patent Application No.
2002-169008 with a filing date of June 10, 2002 are

hereby incorporated by reference.
[0059] Although the invention has been described
above by reference to certain embodiments of the in-
vention, the invention is not limited to the embodiments
described above. Modifications and variations of the
embodiments described above will occur to those skilled
in the art in light of the above teachings. The scope of
the invention is defined with reference to the following
claims.

Claims

1. A fuel supply control system for an internal combus-
tion engine controlling a fuel discharge pressure ac-
cording to an engine operating condition, the fuel
supply control system comprising:

a fuel pump (6) capable of varying a fuel dis-
charge quantity of fuel;
a fuel passage (7) connected to the fuel pump;
a fuel injector (8) injecting the fuel supplied
through the fuel passage (7) from the fuel pump
(6) into the internal combustion engine;
a pressure detector (9) connected to the fuel
passage (7), the pressure detector (9) detect-
ing a fuel pressure of the fuel in the fuel pas-
sage (7); and
a control unit (10) connected to the fuel pump
(6), the fuel injector (8) and the pressure detec-
tor (9), the controller being configured,
to determine a target fuel pressure (Pt) accord-
ing to the engine operating condition,
to control the fuel pump (6) to bring the fuel
pressure (P) closer to the target fuel pressure
(Pt), and
to diagnose an abnormality of the fuel supply
control system on the basis of the fuel dis-
charge quantity (Q) and a fuel injection quantity
(Qi) injected from the fuel injector.

2. The fuel supply control system as claimed in claim
1, wherein the control unit (10) is configured to di-
agnose that the fuel supply control system is abnor-
mal when a difference between the fuel discharge
quantity(Q) of the fuel pump and the fuel injection
quantity (Qi) of the fuel injector is greater than or
equal to a predetermined value.

3. The fuel supply control system as claimed in claim
2, wherein the predetermined value is varied ac-
cording to the operating condition of the engine.

4. The fuel supply control system as claimed in one of
claims 1 through 3, wherein when a controlled var-
iable of the fuel pump is maintained at a value ad-
jacent to one of an upper limit (MAX) and a lower
limit (MIN) of the controlled variable, the control unit
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executes a second diagnosis for diagnosing the ab-
normality of the fuel supply control system.

5. The fuel supply control system as claimed in claim
4, wherein the second diagnosis executed by the
control unit diagnoses that the fuel supply control
system is abnormal when an absolute value of a dif-
ference (Pcal) between an actual fuel pressure (P)
and a target fuel pressure (Pt) is greater than a pre-
determined value (∆P).

6. The fuel supply control system as claimed in claim
5, wherein the predetermined value is set at a value
greater than a width of a dead-zone in a variable
control of an actual fuel pressure (P).

7. The fuel supply control system as claimed in one of
claims 4 through 6, wherein the second diagnosis
executed by the control unit diagnoses that the fuel
supply control system is abnormal when the abnor-
mal state is maintained for a predetermined time pe-
riod (T).

8. The fuel supply control system as claimed in claim
1, wherein the control unit (10) is configured to di-
agnose that the fuel supply control system is abnor-
mal when a ratio between the fuel discharge quan-
tity(Q) of the fuel pump and the fuel injection quan-
tity (Qi) of the fuel injector is in a predetermined
zone including the ratio of 1.

9. The fuel supply control system as claimed in claim
8, wherein a width of the predetermined zone is var-
ied according to the operating condition of the en-
gine.

10. A method of controlling a fuel discharge pressure
of fuel supplied to an internal combustion engine ac-
cording to an engine operating condition, the meth-
od comprising:

determining a target fuel pressure (Pt) accord-
ing to the engine operating condition;
controlling a fuel pump to bring a fuel pressure
(P) of the fuel pump closer to the target fuel
pressure (Pt); and
diagnosing an abnormality of a fuel supply con-
trol system on the basis of a fuel discharge
quantity (Q) of the fuel pump and a fuel injection
quantity (Qi) of a fuel injector.
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