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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a fuel injection
device of an engine according to the preamble of
the present claim 1.

2. Description of the Related Art

In a known engine, fuel discharged from the
fuel pump and under a high pressure is fed into a
common fuel reservoir via a fuel feed pipe, and the
fuel reservoir is connected to fuel injectors via
corresponding fuel injection pipes. Thereafter, fuel
is injected successively from the fuel injectors at
each time the crankshaft has rotated through a
predetermined crankangle. Unexamined Japanese
Patent Publication No. 64-73166 discloses a fuel
feed device suitable for such an engine, comprising
a plurality of fuel pumps, and Unexamined Japa-
nese Patent Publication No. 2-112665 discloses a
fuel injector suitable for such an engine.

In this fuel injector, however, when the needle
is opened, since the pressure of fuel in the fuel
injector temporarily drops, an expansion wave is
generated in the fuel injector, and this expansion
wave is propagated in the fuel injection pipe and
reaches the fuel reservoir. At this time, the expan-
sion wave is reflected in the fuel reservoir and
again propagated in the fuel injection pipe from the
fuel reservoir toward the fuel injector, in the form of
a pressure wave. This pressure wave is reflected at
the fuel injector and is propagated in the fuel
injection pipe toward the fuel reservoir, and there-
after, the pressure wave is reflected at the fuel
reservoir and is propagated in the fuel injection
pipe toward the fuel injector, in the form of an
expansion wave, and accordingly, when the needle
is opened, fluctuations occur in the pressure of fuel
in the fuel injector. The period and amount of this
pressure fluctuation depend on the diameter and
length of the fuel injection pipe, and accordingly, if
the diameter and length of the fuel injection pipes
for each fuel injector are different from each other,
the period and amount of pressure fluctuation gen-
erated in the fuel injector differ at each fuel injec-
tor, and thus a problem arises in that the amount of
fuel injected by each fuel injector differs. The fuel
injector disclosed in the above-mentioned publica-
tion No. 2-112665, does not attempt to cope with
this problem.

In the fuel feed device disclosed in the above-
mentioned publication No. 64-73166, fuel under a
high pressure is successively discharged from the
fuel pumps each time fuel is injected from the fuel
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injectors, but as mentioned before, when fuel under
high pressure is discharged from the fuel pumps, a
pressure wave is generated and propagated to the
fuel reservoir via the corresponding fuel feed pipes.
As a result, fluctuations occur in the pressure of
fuel in the fuel reservoir, and this fluctuation of the
pressure has an influence on the amount of fuel
injected by the fuel injectors. If the diameters or
lengths of the fuel feed pipes are different, the
period and amount of the pressure fluctuation gen-
erated in the fuel reservoir by the pressure wave
from the fuel pumps becomes irregular, and as a
result, if an injection of fuel is carried out when the
pressure of fuel in the fuel reservoir is high, the
amount of the injected fuel becomes large, but if
the injection of fuel is carried out when the pres-
sure of fuel in the fuel reservoir is low, the amount
of the injected fuel becomes small. Accordingly, a
problem arises in that the amount of injected fuel is
different at each fuel injector. The fuel feed device
disclosed in the above-mentioned publication No.
64-73166 also makes no attempt to cope with this
problem.

In the preamble of the present claim 1 it is
proceeded from a fuel injection device of an engine
as is shown in the printed publication FR-A-1 162
601. This known fuel injection device comprises a
plurality of fuel injectors, a plurality of fuel pumps,
a fuel reservoir, a plurality of fuel injection pipes
and a plurality of fuel feed pipes connecting the
fuel pumps to the fuel reservoir. It is also obvious
from, for example, Figure 1 of this document that
the arrangement of the fuel injection pipes and of
the fuel feed pipes is symmetrical, respectively.

Started from this prior art, it is an object of the
present invention to provide a fuel injection device
capable of preventing irregularities in the amount of
injected fuel.

According to the present invention this object
is achieved by the features of the main claim. The
gist of the invention therefore consists in the effect
that the pressure drop of fuel between the fuel
reservoir and the fuel pumps is substantially equal
to the pressure drop between this fuel reservoir
and the fuel injectors. This feature can only be
achieved if the fuel injection pipes have the same
"equivalent pipe length" as the fuel feed pipes,
wherein the "equivalent pipe length" is defined as
that pipe length in which the propagating time and
the attenuating ratio of an expansion wave or pres-
sure wave become the same. The injection timing
of the fuel injectors is also synchronized with the
discharge operations of the fuel pumps.

The amount of the pressure drop in the fuel
pipe thereby depends on the real pipe length, the
inner diameter of the pipe and the number and
kind of bends the pipe shows. Therefore, the real
pipe lengths of two pipes, for example, can be
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different from each other in order to get the same
"equivalent pipe length". It is certainly also possi-
ble to get the same "equivalent pipe length" for
pipes with the same real length and inner diameter
but with a different number of bends, wherein in
that case the free choice of the shape of the bends
provides the possibility of justifying the respective
"equivalent pipe length".

In the following description for example a spe-
cial case will be described in which the fuel pipes
are formed such that they have the same bends
therein. In that case, the "equivalent pipe length"”
only depends on the real length and on the inner
diameter of the pipes which simplifies the deter-
mination of the "equivalent pipe length".

The present invention may be more fully un-
derstood from the description of a preferred em-
bodiment of the invention set forth below, together
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
Fig. 1 is a plan view of the fuel injection device;
Fig. 2 is a side view of a portion of the Diesel
engine;
Fig. 3 is a time chart illustrating the fuel injection
time and the fuel discharge time of the fuel
pumps; and
Fig. 4 is a schematic view of the fuel injector
and the fuel pump.

DESCRIPTION OF A PREFERRED EMBODIMENT

Figure 4 schematically illustrates a fuel injector
1 and a fuel pump 2.

Referring to Fig. 4, the fuel injector 1 com-
prises a needle 11 for controlling the opening of a
nozzle opening 10. A back pressure chamber 12 is
formed on the top face of the needle 11, and a
pressure control chamber 13 is formed above the
back pressure chamber 12. A check valve 14,
permitting only an inflow of fuel fo the back pres-
sure chamber 12 from the pressure control cham-
ber 13, is arranged between the back pressure
chamber 12 and the pressure control chamber 13,
and a restricted opening 15 is formed in the central
portion of the check valve 14. The pressure control
chamber 13 is selectively connected to an atmo-
spheric pressure passage 18 or a fuel inlet 19 by a
control valve 17 driven by a solenoid 16. The fuel
inlet 19 and a fuel passage 20 connected to the
nozzle opening 10 are connected to a fuel reservoir
22 via a fuel injection pipe 21.

When the pressure control chamber 13 is dis-
connected from the atmospheric pressure passage
18 by the control valve 17, as illustrated in Fig. 4,
fuel under a high pressure in the fuel reservoir 22

10

15

20

25

30

35

40

45

50

55

is fed into the fuel passage 20, and into the back
pressure chamber 12 via the fuel inlet 19, the
interior of the control valve 17, the pressure control
chamber 13, and the check valve 14. At this time
the needle 11 closes the nozzle opening 10, due to
the pressure of fuel acting on the top face of the
needle 11.

When the solenoid 16 is energized, whereby
the control valve 17 is moved upward, the pressure
control chamber 13 is disconnected from the fuel
inlet 19 and connected to the atmospheric pressure
passage 18. At this time, fuel in the back pressure
chamber 12 gradually flows out into the atmo-
spheric pressure passage 18 via the restricted
opening 15 and the pressure control chamber 13,
and as a result, since the pressure of fuel in the
back pressure chamber 12 gradually drops, the
needle 11 gradually moves upward, and thus the
injection of fuel is started. When the solenoid 16 is
deenergized, the pressure control chamber 13 is
disconnected from the atmospheric pressure pas-
sage 18 by the control valve 17, and fuel is fed fo
the back pressure chamber 12 via the check valve
14, and as a result, the injection of fuel is stopped.

The fuel pump 2 comprises a plunger 30 and a
pressure chamber 31 defined by the top face of
the plunger 30. A cam 32 driven by the engine is
arranged beneath the plunger 30, and a roller 33
rolling on the cam 32 is rotatably mounted on the
lower end portion of the plunger 30. Accordingly,
when the cam 32 rotates, the plunger 30 is caused
to move up and down. A fuel feed port 34 is open
to the lower interior of the pressure chamber 31,
and the upper interior of the pressure chamber 31
is connected to the fuel reservoir 22 via a check
valve 36 and a fuel feed pipe 37. A control valve 39
driven by a solenoid 38 is arranged on the top face
of the pressure chamber 31, and the pressure
chamber 31 is connected to a fuel discharge pas-
sage 40 via the control valve 39.

The cam 32 is rotated at a speed half that of
the rotating speed of the crankshaft of the engine,
and since the cam 32 has three projecting portions
as illustrated in Fig. 4, the plunger 30 is caused fo
move upward at each revolution every 240° cran-
kangle of the crankshaft. When the plunger 30 is in
the lower position, the fuel feed port 34 is open to
the pressure chamber 31, and at this time, fuel is
fed into the pressure chamber 31 from the fuel
feed port 34.

When the upward movement of the plunger 30
is started, since the control valve 39 is open, fuel in
the pressure chamber 31 is discharged into the
fuel discharge passage 40, without being pressur-
ized. When the solenoid 38 is energized, whereby
the control valve 39 is closed, fuel in the pressure
chamber 31 is pressurized as the plunger 30
moves upward. The fuel thus pressurized is fed
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into the fuel reservoir 22 via the check valve 36
and the fuel feed pipe 37.

As illustrated in Fig. 4, a pressure sensor 3 for
detecting the pressure of fuel in the fuel reservoir
22 is attached to the fuel reservoir 22. This pres-
sure sensor 3, an engine speed sensor 4 for de-
tecting the engine speed, and a load sensor 5 for
detecting the depression of the accelerator pedal
are connected to a control unit 6. The solenoid 16
of the fuel injector 1 is controlled by signals output
from the control unit 6 so that the needle 11 opens
the nozzle opening 10 for a fixed time, regardless
of the engine speed and the engine load. Accord-
ingly, the amount of fuel injected by the fuel injec-
tor 1 is controlled by controlling the pressure of
fuel in the fuel reservoir 22. The target pressure of
fuel in the fuel reservoir is stored in advance as a
function of the engine speed and the engine load,
and the solenoid 38 of the fuel pump 2 is con-
trolled by signals output from the control unit 6 so
that the pressure of fuel in the fuel reservoir 22,
which pressure is detected by the pressure sensor
3, becomes equal to the target pressure. Broadly
speaking, the target pressure of fuel in the fuel
reservoir 22 becomes high as the engine load
becomes high.

Figures 1 and 2 illustrate the fuel injectors and
the fuel pump actually mounted on a Diesel engine
50. As illustrated in Figs. 1 and 2, the fuel reservoir
22 is formed in a common rail 53 supported by an
intake pipe 52 via a stay 51. Further, in the em-
bodiment illustrated in Figs. 1 and 2, the Diesel
engine 50 has six cylinders, and fuel injectors 1a,
1b, 1c, 1d, 1e, 1f are provided for each cylinder.
These fuel injectors 1a, 1b, 1¢, 1d, 1e, 1f are
connected to the fuel reservoir 22 via correspond-
ing fuel injection pipes 21a, 21b, 21¢, 21d, 21e,
211.

The fuel pump 2 comprises a first fuel pump
2a and a second fuel pump 2b connected to the
fuel reservoir 22 via the corresponding fuel feed
pipes 37a and 37b. Both the first fuel pump 2a and
the second fuel pump 2b have the construction
illustrated in Fig. 4, but the phase of the cam 32 of
the first fuel pump 2a is deviated from the phase of
the cam 32 of the second fuel pump 2b by 60
degrees, i.e., a 120° crankangle. Accordingly, fuel
is discharged alternately from the first fuel pump
2a and the second fuel pump 2b. This procedure
will be now described with reference to Figure 3.

As illustrated in Fig. 3, the fuel injection order
of the Diesel engine illustrated in Figs. 1 and 2 is
1-5-3-6-2-4, and the cam 32 of the first fuel pump
2a is arranged so that the cam lift reaches a
maximum height at the completion of an injection
to every other injection cylinder #1, #3, #2, and the
cam 32 of the second fuel pump 2b is arranged so
that the cam lift reaches a maximum height at the
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completion of an injection to the remaining every
other injection cylinder #5, #6, #4. Also, as men-
tioned above, the control valve 39 of the fuel
pumps 2a, 2b is closed shortly before the cam lift
reaches the maximum height, and the control valve
39 remains closed until the cam lift reaches the
maximum height. When the control valve 39 re-
mains closed, fuel is discharged from the fuel
pumps 2a, 2b, and accordingly, fuel is discharged
alternately from the fuel pumps 2a, 2b at each
revolution of the crankshaft through a fixed cran-
kangle, i.e., at each revolution of the crankshaft
every 120° crankangle in the embodiment illus-
trated in Figs. 1 and 2. In addition, as can be seen
from Fig. 3, fuel is discharged from the fuel pumps
2a, 2b in synchronization with the injection timing.

As mentioned above, when the needles 11 of
the fuel injectors 1a, 1b, 1¢, 1d, 1e, 1f are opened,
an expansion wave or pressure wave is propagated
in the fuel injection pipes 21a, 21b, 21c, 21d, 21e,
21f. The time taken by the expansion wave or the
pressure wave o propagate from one end of the
fuel injection pipes 21a to 21f to the other end
thereof, and the attenuating ratio of the expansion
wave or the pressure wave, depend on the length,
the diameter and the bends in the fuel injection
pipes 21a to 21f. In this case, if the length of pipes
in which the propagating time and attenuating ratio
of the expansion wave or the pressure wave be-
come the same is defined as an equivalent pipe
length, all of the fuel injection pipes 21a, 21b, 21c,
21d, 21e, 21f have the same equivalent pipe
length.

Where the pressure of fuel in the fuel reservoir
22 is constant, if all of the fuel injection pipes 21a
to 21f have the same equivalent pipe length, the
period and amount of fluctuations of pressure gen-
erated in the fuel injectors 1a to 1f become the
same for all of the fuel injectors 1a to 1f, and as a
result, the amount of fuel injected by the fuel
injectors 1a to 1f becomes the same.

In the embodiment illustrated in Fig. 1, all of
the fuel injection pipes 21a to 21f have the same
length and the same diameter, but the bends in the
fuel injection pipes 21a, 21d, 21e are different from
those in the fuel injection pipes 21b, 21c¢, 21f. From
the point of view that the equivalent pipe lengths of
all of the fuel injection pipes 21a to 21f can be
easily made the same, preferably all of the fuel
injection pipes 21a to 21f are formed such that
they have the same bends therein.

Similarly, the fuel feed pipes 37a and 37b have
the same equivalent pipe length, and when fuel is
discharged from the fuel pumps 2a, 2b, the pres-
sure wave is propagated in the fuel feed pipes 37a,
37b. Nevertheless, since the fuel feed pipes 37a
and 37b have the same equivalent pipe length,
fluctuations of the pressure in the same amount are
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produced in the fuel reservoir 22 for a time which
is the same as the time of the discharge operations
alternately carried out by the fuel pumps 2a, 2b.
Accordingly, as illustrated in Fig. 3, the fluctuations
of pressure in the same amount are produced in
the fuel reservoir 22 in synchronization with the fuel
injection timing of the fuel injectors 1a to 1f. In this
case, where the cam 32 is arranged so that the
height of the maximum cam lift is different from
that of the maximum cam lift illustrated in Fig. 3,
the fluctuations of pressure in the same amount are
produced in the fuel reservoir 22 at a crankangle
distanced from the fuel injection timing of the fuel
injectors 1a to 1f by the same crankangle. Accord-
ingly, the fluctuations of pressure in the fuel reser-
voir 22 have the same influence on the pressure of
fuel in the fuel injectors 1a to 1f, and thus the
amount of fuel injected by the fuel injectors 1a to
1f becomes the same. Note that, as can be seen
from Fig. 1, in the embodiment illustrated in Fig. 1,
the fuel feed pipes 37a, 37b not only have the
same equivalent pipe length, but also have the
same length, the same diameter and the same
shape. Further, where the fluctuations of pressure,
caused by the discharge operations of the fuel
pumps 2a, 2b, are produced in the fuel reservoir 22
in synchronization with the injection timing of the
fuel injectors 1a to 1f as illustrated in Fig. 3, the
peak pressure of the fluctuating pressure in the fuel
reservoir 22 is cancelled by the expansion wave
propagated in the fuel injection pipes 21a fo 21f,
and thus an advantage is obtained in that the
fluctuations of pressure produced in the fuel injec-
tors 1a to 1f can be weakened.

Furthermore, in the embodiment illustrated in
Fig. 1, the pressure drop of fuel between the fuel
reservoir 22 and the fuel pumps 2a, 2b is substan-
tially equal to the pressure drop between the fuel
reservoir 22 and the fuel injectors 1a to 1f.

Claims

1. A fuel injection device of an engine, compris-
ing:

a plurality of fuel injectors (1) successively
injecting fuel at each revolution of a crankshaft
through a substantially fixed crankangle;

a plurality of fuel pumps (2) successively
discharging fuel at each revolution of the
crankshaft through said substantially fixed
crankangle;

a fuel reservoir (22) common to all of said
fuel injectors (1) and said fuel pumps (2);

a plurality of fuel injection pipes (21) con-
necting said corresponding fuel injectors (1) to
said fuel reservoir (22) and

a plurality of fuel feed pipes (37) connect-
ing said corresponding fuel pumps (2) to said
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fuel reservoir (22),

characterized in that

said plurality of fuel injection pipes (21) and
said plurality of fuel feed pipes (37) have the
same equivalent pipe length which is defined
as the pipe length for which the propagating
time and the attenuating ratio of an expansion
wave or a pressure wave in different pipes
become the same , wherein the injection tim-
ing of said fuel injectors (1) is synchronized
with the discharge operations of said fuel
pumps (2).

2. A fuel injection device according to claim 1,
wherein said fuel injection pipes have the
same length and the same diameter.

3. A fuel injection device according to claim 1,
wherein said fuel feed pipes have the same
length and the same diameter.

4. A fuel injection device according to claim 4,
wherein said fuel feed pipes have the same
shape.

Patentanspriiche

1. Brennstoffeinspritzvorrichtung einer Brennkraft-

maschine, mit

einer Vielzahl von Brennstoffeinspritzdiisen
(1), die bei jeder Drehung einer Kurbelwelle
um einen im wesentlichen konstanten Kurbel-
winkel der Reihe nach Brennstoff einspritzen,

einer Vielzahl von Brennstoffpumpen (2),
die bei jeder Drehung der Kurbelwelle um den
im wesentlichen konstanten Kurbelwinkel der
Reihe nach Brennstoff abgeben,

einem Brennstoffbehdlter (22), der allen
Brennstoffeinspritzdiisen (1) und Brennstoff-
pumpen (2) gemeinsam ist,

einer Vielzahl von Brennstoffeinspritzleitun-
gen (21), welche die entsprechenden Brenn-
stoffeinspritzdiisen (1) mit dem Brennstoffbe-
hilter (22) verbinden, und

einer Vielzahl von Brennstoffzufuhrleitun-
gen (37), welche die entsprechenden Brenn-
stoffpumpen (2) mit dem Brennstoffbehilter
(22) verbinden,

dadurch gekennzeichnet, daB

die Vielzahl von Brennstoffeinspritzleitun-
gen (21) und die Vielzahl von Brennstoffzufuhr-
leitungen (37) die gleiche dquivalente Leitungs-
ldnge haben, welche als die Leitungsldnge de-
finiert ist, flr welche die Ausbreitungszeit und
der Dampfungsgrad einer Expansionswelle
oder einer Druckwelle in verschiedenen Leitun-
gen gleich werden, wobei die Einspritzsteue-
rung der Brennstoffeinspritzdiisen (1) mit dem
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Abgabevorgdngen der Brennstoffpumpen (2)
abgestimmt ist.

Brennstoffeinspritzvorrichtung gemaB Anspruch
1, wobei die Brennstoffeinspritzleitungen die
gleiche Ldnge und den gleichen Durchmesser
haben.

Brennstoffeinspritzvorrichtung gemaB Anspruch
1, wobei die Brennstoffzufuhrleitungen die glei-
che Lidnge und den gleichen Durchmesser ha-
ben.

Brennstoffeinspritzvorrichtung gemaB Anspruch
4, wobei die Brennstoffzufuhrleitungen die glei-
che Form haben.

Revendications

Dispositif d'injection de combustible pour mo-
teur & combustion interne, comprenant :

une pluralité d'injecteurs de combustible (1)
injectant successivement du combustible 2
chaque fois qu'un vilebrequin tourne d'un an-
gle de vilebrequin sensiblement fixe ;

une pluralité de pompes de combustible (2)
débitant successivement du combustible 2
chaque fois qu'un vilebrequin tourne d'un an-
gle de vilebrequin sensiblement fixe ;

un réservoir de combustible (22) commun 2
I'ensemble desdits injecteurs de combustible
(1) et desdites pompes de combustible (2) ;
une pluralité de tubes d'injection (21) reliant
lesdits injecteurs de combustible (1) corres-
pondants audit réservoir de combustible (22),
et

une pluralité de tuyaux d'alimentation en com-
bustible (37) reliant lesdites pompes de com-
bustible (2) correspondantes audit réservoir de
combustible (22)

caractérisé en ce que

ladite pluralité de tubes d'injection de combus-
tible (21) et ladite pluralité de tuyaux d'alimen-
tation en combustible (37) ont la méme lon-
gueur équivalente de tuyauterie qui est définie
comme étant la longueur de tuyauterie pour
laquelle le temps de propagation et le rapport
d'atténuation d'une onde de détente ou d'une
onde de compression deviennent les mémes,
grice auquel la régulation de I'injection desdits
injecteurs de combustible (1) est synchronisée
avec les opérations de débit desdites pompes
de combustible (2).

Dispositif d'injection de combustible selon la
revendication 1, caractérisé en ce que lesdits
tubes d'injection de combustible ont la méme
longueur et le méme diamétre.
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10

Dispositif d'injection de combustible selon la
revendication 1, caractérisé en ce que lesdits
tuyaux d'alimentation en combustible ont la
méme longueur et le méme diamétre.

Dispositif d'injection de combustible selon la
revendication 3, caractérisé en ce que lesdits
tuyaux d'alimentation en combustible ont la
méme forme.
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