EP 0 962 650 A2

Europdéisches Patentamt
European Patent Office

(19) p)

Office européen des brevets

(11) EP 0 962 650 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
08.12.1999 Bulletin 1999/49

(21) Application number: 99103574.2

(22) Date of filing: 24.02.1999

(51) Int. CL.5: FO2M 63/02, FO2M 59/36,

FO2M 59/08

(84) Designated Contracting States:
ATBECHCYDEDKES FIFRGBGRIEIT LI LU
MC NL PT SE
Designated Extension States:
AL LT LVMK RO SI

(30) Priority: 01.06.1998 JP 15131498
(71) Applicant:

TOYOTA JIDOSHA KABUSHIKi1 KAISHA
Aichi-ken 471-8571 (JP)

(72) Inventor: Tanai, Yutaka

Toyota-shi, Aichi-ken, 471-8571 (JP)

(74) Representative:

Tiedtke, Harro, Dipl.-Ing. et al
Patentanwaltsbiiro
Tiedtke-Biihling-Kinne & Partner
Bavariaring 4

80336 Miinchen (DE)

(54) Accumulator-type fuel injection apparatus and control method for the same

(57)  An accumulator-type fuel injection apparatus
has a plurality of fuel injection valves for corresponding
individual cylinders of an engine. The fuel injection
valves (2) are connected to a common pressure-accu-
mulator chamber (3) that is connected to an ejection
side of a fuel pump (5). Fuel is pumped from the fuel
pump (5) into the pressure-accumulator chamber (3)

and then supplied into the cylinders via the correspond-
ing fuel injection valves (2). The fuel pumping timing of
the fuel pump is set relative to the fuel injection timing
so that a variation in fuel pressure in the pressure-accu-
mulating chamber (3) at the time of start of a fuel inject-
ing operation is smaller than a predetermined set value.
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Description

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The present invention relates to an accumula-
tor-type fuel injection apparatus equipped with an accu-
mulator connected to a fuel injection valve, and a control
method for the accumulator-type fuel injection appara-
tus.

2. Description of Related Art

[0002] In known accumulator-type fuel injection appa-
ratuses, the fuel injection valves for the cylinders of an
internal combustion engine are connected to a common
pressure accumulator (pressure-accumulating cham-
ber), and a fuel pump is connected at its ejection side to
the accumulator. Fuel is pumped into the accumulator
by the fuel pump, and then supplied from the accumula-
tor to each cylinder via the corresponding fuel injection
valve.

[0003] Normally, the fuel injection duration is set to the
same value for all the fuel injection valves. Therefore, in
order to reduce the variations in the amount of fuel sup-
plied to the individual cylinders, it is necessary to
reduce the variations in the fuel injection pressure, that
is, the fuel pressure in the accumulator at the time of
start of each fuel injecting operation.

[0004] The fuel pressure in the accumulator
decreases when fuel injection is performed, and it
increases when fuel pumping is performed. There is an
accumulator-type fuel injection apparatus in JP-A-5-
106495 that minimizes the variations in fuel injection
pressure by causing the fuel pump to pump out fuel
every time fuel injection is performed.

[0005] However, in order to perform fuel pumping
every time fuel injection is performed, the fuel pump is
required to be equipped with a plunger for every cylin-
der. Therefore, problems of an increased size of the fuel
pump and an increased cost of the apparatus result
may occur, The number of plungers can be reduced by
increasing the operating speed, e.g., rotation speed, of
the fuel pump or by increasing the number of fuel pump-
ing operations per rotation of the fuel pump. However,
such a measure reduces the durability of the fuel pump.

SUMMARY OF THE INVENTION

[0006] Accordingly, it is an object of the invention to
provide an accumulator-type fuel injection apparatus
that reduces the variation in the fuel pressure in an
accumulator at the starting time of each fuel injecting
operation without a need to pump fuel from a fuel pump
every time fuel is injected into a cylinder, It is also an
object of the invention to provide a control method for
the accumulator-type fuel injection apparatus.
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[0007] The above object is solved by combination of
features of the main claim, the sub-claim disclose fur-
ther advantageous embodiments of the invention.
[0008] According to the invention, there is provided an
accumulator-type fuel injection apparatus having a
pressure-accumulating chamber that is connected to a
plurality of fuel injection valves corresponding to cylin-
ders of an engine, wherein fuel is supplied from the
pressure-accumulating chamber into the cylinders via
the corresponding fuel injection valves, The apparatus
includes a fuel pump that pumps fuel into the pressure-
accumulating chamber. The apparatus also includes a
device for controlling the fuel pump so that fuel is
pumped to the pressure-accumulating chamber during
an earlier fuel injecting operation of at least two consec-
utive fuel injecting operations, instead of during fuel
injecting operations for all the cylinders.

[0009] Since the pumping of fuel is performed during
an earlier fuel injecting operation of at least two consec-
utive fuel injecting operations, rather than during the
fuel injecting operations for all the cylinders, a minimum
size of the fuel pump and a minimum cost thereof can
be achieved while securing good durability of the fuel
pump. Furthermore, by adjusting the fuel pumping tim-
ing of the fuel pump relative to the fuel injecting timing,
the variation in the fuel injection pressure can be
reduced.

[0010] This summary of the invention does not neces-
sarily describe all necessary features so that the inven-
tion may also reside in a sub-combination of these
described features.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and further objects, features and
advantages of the present invention will become appar-
ent from the following description of a preferred embod-
iment with reference to the accompanying drawings,
wherein like numerals are used to represent like ele-
ments and wherein:

Fig. 1 is a schematic view of an internal combustion
engine including an accumulator-type fuel injection
apparatus, according to the invention;

Fig. 2 is a sectional view of a fuel pump used in the
accumulator-type fuel injection apparatus shown in
Fig. 1;

Fig. 3 is a time chart illustrating an example of an
undesirable setting of fuel pumping timing; and

Fig. 4 is a time chart illustrating an example of a set-
ting of fuel pumping timing for the accumulator-type
fuel injection apparatus shown in Fig. 1, according
to the invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENT

[0012] A preferred embodiment of the present inven-
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tion will be described in detail hereinafter with reference
to the accompanying drawings.

[0013] Referring to Fig. 1, an internal combustion
engine 1 has, for example, four cylinders C1, C2, C3,
C4. Each cylinder of the engine 1 is provided with a fuel
injection valve 2 that injects fuel directly into a combus-
tion chamber defined in each cylinder. Each fuel injec-
tion valve 2 is formed by an electromagnetic fuel
injection valve and is controlled in accordance with an
output signal from an electronic control unit 40. In this
embodiment, fuel injection into the cylinders C1-C4 is
performed in the order of C1-C3-C4-C2.

[0014] Fuel passages connected to the fuel injection
valves 2 are connected to a common pressure accumu-
lator, that is, a common rail 3. The common rail 3 is con-
nected to an ejection side of a fuel pump 5 by a high-
pressure pipe 4. A suction-side of the fuel pump 5 is
connected by a low-pressure pipe 6 to a feed pump 8
disposed in a fuel tank 7. A fuel filter 9 is disposed in the
low-pressure pipe 6. The common rail 3 and the fuel
tank 7 are also interconnected by a return pipe 10 in
which a check valve 11 is disposed so as to allow fuel to
flow only in the direction from the common rail 3 toward
the fuel tank 7. The check valve 11 normally remains
closed. When the fuel pressure in the common rail 3
becomes excessively high, the check valve 11 opens to
reduce the fuel pressure in the common rail 3.

[0015] The fuel pump 5 is formed by an engine-driven
in-line pump equipped with a pair of plungers, that is,
first and second plungers. Referring to Fig. 2, which
only illustrates the first plunger 22 for exemplary pur-
poses, the plunger 22 is slidably disposed in a plunger
insert hole 21 formed in a housing 20. The plunger 22 is
driven by a cam 23 that has only one cam nose. A high-
pressure chamber 24 is defined in the insert hole 21 by
the plunger 22 and communicates with a low-pressure
chamber 25 via a communication hole 26. The commu-
nication hole 26 is opened and closed by a fuel control
valve 27 that is controlled by a solenoid coil 28. The
high-pressure chamber 24 is connected to the high-
pressure pipe 4 by a high-pressure passage 29. A
check valve 30 is disposed in the fuel injection valve 2
so as to allow fuel flow only in a direction from the high-
pressure chamber 24 toward the high-pressure pipe 4.
The low-pressure chamber 25 is connected at one side
thereof to the low-pressure pipe 6 by a low-pressure
passage 31, and at another side thereof to the return
pipe 10 by a return passage 32. A check valve 33 is dis-
posed in the return passage 32 so as to allow fuel flow
only in a direction from the low-pressure chamber 25
toward the return pipe 10. The solenoid coil 28 is con-
trolled in accordance with an output signal from the
electronic control unit 40.

[0016] When the solenoid coil 28 is energized, the fuel
control valve 27 is raised, so that the fuel control valve
27 closes the communication hole 26. When the sole-
noid coil 28 is de-energized, the fuel control valve 27 is
lowered by a compression spring 34, so that the fuel
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control valve 27 opens the communication hole 26.

[0017] When the plunger 22 starts to descend, fuel
flows from the low-pressure chamber 25 into the high-
pressure chamber 24 through the communication hole
26 since the fuel control valve 27 is open. When the
plunger 22 starts to ascend after reaching bottom dead
center, a pumping stroke starts. The fuel control valve
27 is kept in a lowered position for a predetermined time
after the pumping stroke has started so that a certain
amount of fuel returns from the high-pressure chamber
24 into the low-pressure chamber 25 through the com-
munication hole 26. Subsequently, the fuel control valve
27 is raised, thereby closing the communication hole
26, to start pumping fuel from the high-pressure cham-
ber 24 toward the common rail 3 through the high-pres-
sure passage 29 and the high-pressure pipe 4. When
the plunger 22 reaches top dead center, fuel pumping
ends and, at this time point, the fuel control valve 27 is
lowered again.

[0018] When the amount of fuel pumped from the fuel
pump 5 toward the common rail 3 needs to be reduced,
the lowering timing of the fuel control valve 27 is
delayed. As a result, the amount of fuel that returns from
the high-pressure chamber 24 to the low-pressure
chamber 25 increases and, after a predetermined time,
the amount of fuel pumped out of the high-pressure
chamber 24 decreases. When the amount of fuel
pumped from the fuel pump 5 toward the common rail 3
needs to be increased, the lowering timing of the fuel
control valve 27 is advanced, As a result, the amount of
fuel that returns from the high-pressure chamber 24 to
the low-pressure chamber 25 decreases and, after
some time, the amount of fuel pumped out of the high-
pressure chamber 24 increases. Therefore, by control-
ling the lowering timing of the fuel control valve 27, the
amount of fuel pumped from the fuel pump 5 toward the
common rail 3 is controlled, In this embodiment, the
amount of fuel pumped out of the fuel pump 5 is control-
led so that the fuel injection pressure becomes equal to
a target fuel pressure.

[0019] A pair of cams for driving the first and second
plungers are formed on a common cam shaft 23a. The
cam shaft 23a is rotated at half the engine revolution
speed. Each cam 23 has only one cam nose. The cam
noses of the cams 2 are shifted in phase from each
other by 360° in crank angle, hereinafter referred to as
"CA". Therefore, for every two rotations of the crank-
shaft (not shown), each plunger pumps out fuel once.
The two fuel pumping operations are shifted from each
other by 360° CA.

[0020] Referring back to Fig. 1, the electronic control
unit 40 is formed by a digital computer having a read-
only memory (ROM) 42, a random access memory
(RAM) 43, a micro-processor or central processing unit
(CPU) 44, a backup RAM (B-RAM) 45 always con-
nected to a power source, an input port 46, and an out-
put port 47. The common rail 3 is provided with a
pressure sensor 48 that generates an output voltage
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proportional to the fuel pressure in the common rail 3.
An accelerator pedal (not shown) is provided with a
depression amount sensor 49 that generates an output
voltage proportional to the amount of depression of the
accelerator pedal. The output voltages from the sensors
48, 49 are inputted to the input port 46 via respectively
corresponding A/D converters 50. An engine revolution
speed sensor 51 that generates pulses indicating the
engine revolution speed is also connected to the input
port 46. The output port 47 is connected to the fuel
injection valve 2 and the solenoid coil 28 of the fuel
pump 5 via corresponding drive circuits (drivers) 52.
[0021] It is undesirable to perform the fuel pumping
from the fuel pump 5 once for every fuel injecting oper-
ation, as stated above. Therefore, in this embodiment,
the fuel pumping is performed once for two fuel injecting
operations. That is, since four fuel injecting operations
are performed for every 720°CA in the internal combus-
tion engine shown in Fig. 1, the fuel pumping timing is
set so that the fuel pumping is performed once for every
360°CA. By setting the fuel pumping timing in this man-
ner, the fuel pumping is performed once for two fuel
injecting operations. As a result, it becomes possible to
ensure a minimum size of the fuel pump 5 and a mini-
mum cost of the apparatus while securing good durabil-
ity of the fuel pump 5. In this embodiment, it is also
possible to consider that the fuel pumping timing is set
so that the time interval of fuel pumping becomes longer
than the time interval of fuel injection.

[0022] However, if the number of fuel pumping opera-
tions relative to the number of fuel injecting operations
is simply reduced, the variations in the fuel injection
pressure increase so that the amount of fuel supplied to
the individual cylinders will vary to a considerable
extent. This will be explained with reference to Fig. 3.
[0023] The time chart of Fig. 3 illustrates an example
in which the fuel pumping timing is unsuitably set. The
chart indicates execution (ON) and discontinuation
(OFF) of fuel injection, the fuel pressure FP in the com-
mon rail 3, execution (ON) and discontinuation (OFF) of
fuel pumping, and the plunger lift PL. With regard to the
plunger lift PL, a solid line indicates the lift of the first
plunger, and a broken line indicates the lift of the second
plunger.

[0024] In the example illustrated in Fig. 3, the fuel
pressure FP decreases at the time of a fuel injecting
operation I1' for the cylinder C1. The fuel pressure FP
further decreases at the time of a fuel injecting opera-
tion I3’ for the cylinder C3. Subsequently, a fuel pumping
operation P1' is performed to increase the fuel pressure.
After that, a fuel injecting operation 14' for the cylinder
C4 is performed, followed by a fuel injecting operation
I2' for the cylinder C2. Then, a fuel pumping operation
P2’ is performed. Subsequently, the fuel injecting oper-
ation 11" for the cylinder C1 is performed again. After the
fuel injecting operation I3, the fuel pumping operation
P1'is performed.

[0025] In this example, large differences in fuel injec-
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tion pressure occur as indicated in Fig. 3. For example,
a large pressure difference PD’ occurs between the fuel
injection pressure for the cylinder C1 and the fuel injec-
tion pressure for the cylinder C3. Such pressure differ-
ences indicate or represent the fuel injection pressures
for the individual cylinders. Thus, in the example illus-
trated in Fig. 3, the fuel injection pressure for the individ-
ual cylinders varies to a great extent.

[0026] The variation in the fuel injection pressure for
the individual cylinders can be reduced by suitably
adjusting the fuel pumping timing relative to the fuel
injecting timing. In this embodiment, therefore, the fuel
pumping timing relative to the fuel injecting timing is set
so as to reduce the variation in the fuel injection pres-
sure for the individual cylinders, The embodiment of the
invention will be described in detail below with reference
to Fig. 4.

[0027] Fig. 4 is a time chart illustrating the fuel pump-
ing timing of the preferred embodiment of the invention,
As indicated in Fig. 4, the fuel pressure decreases at the
time of a fuel injecting operation 11 for the cylinder C1.
Subsequently, a fuel pumping operation P1 is started.
Although the fuel pressure FP decreases, during the
next fuel injecting operation, that is, a fuel injecting oper-
ation I3 for the cylinder C3, the fuel pressure FP starts
increasing again after the end of the fuel injecting oper-
ation I3 for the cylinder C3 since the fuel pumping oper-
ation P1 is continuing. After the fuel pumping operation
P1 ends, the fuel pressure FP is kept at a constant level
until the fuel injecting operation 14 for the cylinder C4
starts. After the fuel injecting operation I4 for the cylin-
der C4 ends, a fuel pumping operation P2 is started.
Subsequently, the fuel injecting operation 12 for the cyl-
inder C2 is started. After the fuel injecting operation 12
for the cylinder C2 ends, the fuel pumping operation P2
ends.

[0028] In this embodiment, a fuel pumping operation
is started before a fuel injecting operation starts. For
example, the fuel pumping operation P1 is started
before the fuel injecting operation I3 for the cylinder C3
starts. Therefore, the fuel injection pressure for the cyl-
inder C3 can be sufficiently increased. After the fuel
injecting operation I3 for the cylinder C3, the fuel pump-
ing operation P1 is continued until the fuel pressure FP
reaches a sufficiently high level. Therefore, the subse-
quent fuel injection pressure for the cylinder C4 can be
sufficiently increased. As a result, the pressure differ-
ence PD between the fuel injection pressure for the cyl-
inder C1 and the fuel injection pressure for the cylinder
C3 can be maintained at a small value. That is, the var-
iation in the fuel injection pressure for the individual cyl-
inders can be reduced. Therefore, the variation in the
amount of fuel supplied to the individual cylinders C1-
C4 can be reduced. Furthermore, the deviation of the
supply of fuel to the individual cylinders C1-C4 from a
prescribed amount can be reduced.

[0029] In this embodiment, the fuel pumping timing
relative to the fuel injecting timing is set so that the pres-
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sure difference PD, representing the variation in the fuel
injection pressure for the individual cylinders C1-C4,
becomes smaller than a predetermined set value, The
set value is, for example, about 2 to 3 Mpa.

[0030] In this embodiment, it may be considered that
the fuel pumping timing is set so that each fuel pumping
operation overlaps every other fuel injecting operation in
such a manner that the fuel pumping operation starts
before the start of the fuel injecting operation, and ends
after the end of the fuel injecting operation, whereby the
fuel pressure FP at the time of the start of the fuel inject-
ing operation and the fuel pressure FP at the end of the
fuel pumping operation is made smaller than a set
value. However, it is possible to set the fuel pumping
timing so that a fuel pumping operation starts before a
fuel injecting operation starts, and the fuel pumping
operation ends before a next fuel injecting operation
ends, whereby the fuel pressure FP at the time of the
start of the fuel injecting operation and the fuel pressure
FP at the end of the fuel injecting operation is made
smaller than a set value. Furthermore, it is also possible
to set the fuel pumping timing so that a fuel pumping
operation starts after a fuel injecting operation starts,
and the fuel pumping operation ends after a next fuel
injecting operation ends, whereby the fuel pressure FP
at the time of the start of the fuel injecting operation and
the fuel pressure FP at the end of the fuel pumping
operation is made smaller than a set value.

[0031] Although in the foregoing embodiment, the fuel
pump 5 is formed by an inline pump equipped with a
pair of plungers, the fuel pump 5 may also be formed by
any known or subsequently developed pump, such as,
for example, a pump equipped with a single plunger, a
distribution-type pump, and the like.

[0032] While the present invention has been
described with reference to a preferred embodiment
thereof, it is evident that many alternatives, modifica-
tions and variations may be apparent to those skilled in
the art. Accordingly, the preferred embodiment of the
invention as set forth herein is intended to be illustrative,
not limiting. Various changes may be made without
departing from the spirit and scope of the invention as
defined in the following claims.

[0033] An accumulator-type fuel injection apparatus
has a plurality of fuel injection valves for corresponding
individual cylinders of an engine. The fuel injection
valves (2) are connected to a common pressure-accu-
mulator chamber (3) that is connected to an ejection
side of a fuel pump (5). Fuel is pumped from the fuel
pump (5) into the pressure-accumulator chamber (3)
and then supplied into the cylinders via the correspond-
ing fuel injection valves (2). The fuel pumping timing of
the fuel pump is set relative to the fuel injection timing
so that a variation in fuel pressure in the pressure-accu-
mulating chamber (3) at the time of start of a fuel inject-
ing operation is smaller than a predetermined set value.
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Claims

1. An accumulator-type fuel injection apparatus
including a pressure-accumulating chamber (3)
connected to a plurality of fuel injection valves (2)
corresponding to a plurality of cylinders of an
engine, wherein fuel is supplied from the pressure-
accumulating chamber (3) into the cylinders via the
fuel injection valves (2), comprising:

a fuel pump (5) that pumps fuel firm a fuel tank
(7) into the pressure-accumulating chamber
(3); and

fuel pump controlling means (40) for controlling
the fuel pump (5) so that fuel is pumped to the
pressure-accumulating chamber (3) during an
earlier fuel injecting operation of at least two
consecutive fuel injecting operations.

2. An accumulator-type fuel injection apparatus
according to claim 1,wherein the fuel pump control-
ling means (40) causes the fuel pump (5) to start
pumping fuel to the pressure-accumulating cham-
ber (3) before starting the earlier fuel injecting oper-
ation and causes the fuel pump (5) to stop pumping
fuel to the pressure-accumulating chamber (3) after
end of the earliest fuel injecting operation.

3. An accumulator-type fuel injection apparatus
according to claim 1, wherein the fuel pump control-
ling means (40) causes the fuel pump (5) to start
pumping fuel to the pressure-accumulating cham-
ber (3) before starting the earlier fuel injecting oper-
ation and causes the fuel pump (5) to stop pumping
fuel to the pressure-accumulating chamber (3) after
ending a later fuel injecting operation of the at least
two consecutive fuel injecting operations.

4. An accumulator-type fuel injection apparatus
according to claim 1, wherein the fuel pump control-
ling means (40) causes the fuel pump (5) to start
pumping fuel to the pressure-accumulating cham-
ber (3) after starting the earlier fuel injecting opera-
tion and causes the fuel pump (5) to stop pumping
fuel to the pressure-accumulating chamber (3) after
ending a later fuel injecting operation of the at least
two consecutive fuel injecting operations.

5. An accumulator-type fuel injection apparatus
according to claim 1, wherein the fuel pump control-
ling means (40) causes the fuel pump (5) to pump
fuel to the pressure-accumulating chamber (3) dur-
ing one of alternate fuel injecting operations of the
at least two consecutive fuel injecting operations.

6. An accumulator-type fuel injection apparatus
according to claim 4, wherein the fuel pump control-
ling means (40) causes the fuel pump (5) to start
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pumping fuel to the pressure-accumulating cham-
ber (3) before starting the earlier fuel injecting oper-
ation and causes the fuel pump (5) to stop pumping
fuel to the pressure-accumulating chamber (3)
before ending the earlier fuel injecting.

An accumulator-type fuel injection apparatus
according to claim 5, wherein the fuel pump control-
ling means (40) causes the fuel pump (5) to start
pumping fuel to the pressure-accumulating cham-
ber (3) before starting the earlier fuel injecting oper-
ation and causes the fuel pump to stop pumping
fuel to the pressure accumulating chamber (3) after
ending a later fuel injecting operation of the at least
two consecutive fuel injecting operations.

An accumulator-type fuel injection apparatus
according to claim 5, wherein the fuel pump control-
ling means (40) causes the fuel pump (5) to start
pumping fuel to the pressure-accumulating cham-
ber (3) after starting the earlier fuel injecting opera-
tion and causes the fuel pump (5) to stop pumping
fuel to the pressure-accumulating chamber (3) after
ending a later fuel injecting operation of the at least
two consecutive fuel injecting operations.

A method for supplying fuel to an accumulator-type
fuel injection apparatus having a pressure-accumu-
lating chamber (3) connected to a plurality of fuel
injection valves (2) corresponding to a plurality of
cylinders of an engine, wherein fuel is supplied from
the pressure-accumulating chamber (3) into the cyl-
inders via the corresponding fuel injection valves
(2), comprising the following step:

pumping fuel from the fuel pump (5) to the
pressure-accumulating chamber (3) during an
earlier fuel injecting operation of at least two
consecutive fuel injecting operations.

A method for supplying fuel to an accumulator-type
fuel injection apparatus according to claim 9,
wherein fuel pumping is started before starting the
earlier fuel injecting operation and the fuel pumping
is stopped after ending the earlier fuel injecting
operation.

A method for supplying fuel to an accumulator-type
fuel injection apparatus according to claim 9,
wherein fuel pumping is started before starting the
earlier fuel injecting operation and the fuel pumping
is stopped after ending a later fuel injecting opera-
tion of the at least two consecutive fuel injecting
operations.

A method for supplying fuel to an accumulator-type
fuel injection apparatus according to claim 9,
wherein the fuel pumping is started before starting
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13.

14.

15.

16.

the earlier fuel injecting operation and the fuel
pumping is stopped before ending a later fuel inject-
ing operation of the at least two consecutive fuel
injecting operations.

An accumulator-type fuel injection apparatus
including a pressure-accumulating chamber (3)
connected to a plurality of fuel injection valves (2)
corresponding to the plurality of cylinders, wherein
fuel is supplied from the pressure-accumulating
chamber (3) into the cylinders via the fuel injection
valves (2), comprising:

a fuel pump (5) that pumps fuel from a fuel tank
(7) into the pressure-accumulating chamber
(3); and

fuel pump controlling means (40) for controlling
the fuel pump (5) so that fuel pumping by the
fuel pump (5) is performed once for a plurality
of fuel injecting operations, wherein a pumping
timing of the fuel pump is set relative to a fuel
injecting timing so that a variation in fuel pres-
sure in the pressure-accumulating chamber (3)
at the start time of a fuel injecting operation
becomes smaller than a predetermined set
value.

An accumulator-type fuel injection apparatus
according to claim 13, wherein the fuel pump con-
trolling means (40) causes the fuel pump (5) to start
pumping fuel to the pressure-accumulating cham-
ber (3) before starting an earlier fuel injecting oper-
ation of the plurality of fuel injecting operations and
causes the fuel pump (5) to stop pumping fuel to the
pressure-accumulating chamber (3) after ending
the earlier fuel injecting operation.

An accumulator-type fuel injection apparatus
according to claim 13, wherein the fuel pump con-
trolling means (40) causes the fuel pump (5) to start
pumping fuel to the pressure-accumulating cham-
ber (3) before starting an earlier fuel injecting oper-
ation of the plurality of fuel injecting operations and
causes the fuel pump (5) to stop pumping fuel to the
pressure-accumulating chamber (3) after ending a
later fuel injecting operation of the plurality of fuel
injecting operations.

An accumulator-type fuel injection apparatus
according to claim 13, wherein the fuel pump con-
trolling means (40) causes the fuel pump (5) to
pump fuel to the pressure-accumulating chamber
(3) before starting an earlier fuel injecting operation
of the plurality of fuel injecting operations and
causes the fuel pump (5) to stop pumping fuel to the
pressure-accumulating chamber (3) before ending
a later fuel injecting operation of the plurality of fuel
injecting operations.
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