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Description

FIELD OF THE INVENTION AND RELATED ART
STATEMENT

[0001] The present invention relates to a fuel injec-
tion system for an internal combustion engine.

[0002] A fuel injection system for an internal com-
bustion engine is known from the GB-A-2067681. And
in Japanese Patent Application Laid-Open No0.59-
173512 (No.173512/1984) a fuel injection system is
also described. This fuel injection system is composed
of a working oil feeding pump, a filter, a working oil tank
pressure regulating valve and an accumulator. The
working oil feeding pump is driven by an engine through
a belt.

[0003] In above-mentioned conventional fuel injec-
tion system, however, there has been such a drawback
that no consideration is given to a counter-measure
when a trouble occurs and reduction in driving force in
the working oil feeding pump. Namely, in the former
case, since there is provided only one set of working oil
feeding pump, feeding of the working oil is stopped
when a piston and a cylinder of the pump stick together,
and equipments driven by the working oil become inop-
erable, and in its turn an engine has to be suspended.
Further, in the latter case, the working oil feeding pump
always discharges the working oil at a consumption
quantity and more of the fuel injection system and the
working oil pressure is controlled by a pressure regulat-
ing valve. Therefore, the driving force of the working oil
feeding pump is at a required quantity and more, thus
producing a big power loss. Furthermore, only an accu-
mulator is provided as a counter-measure against dis-
charge pressure fluctuation of the working oil and no
consideration is given to the feeding pump.

[0004] On the other hand, a conventional oil pres-
sure control system for a fuel injector, an exhaust valve
and the like which are driven by oil pressure is
described in Japanese Patent Application Laid-Open
No0.59-176412(No.176412/1984) for instance. As shown
in Fig. 11, this system is provided with a fuel feeding
device S having a fuel feeding pump 69 which is driven
by an internal combustion engine 68, a working oil feed-
ing device P having a working oil pump 76 which is
driven by the internal combustion engine, an injector
device T having an injector 32 which pressurizes the
fuel oil which is sent by pressure from the fuel feeding
device S by means of an oil pressure servo mechanism
33 and injects the fuel oil from a nozzle valve 2 and a
solenoid valve portion 31 which actuates the oil pres-
sure servo mechanism 33 so as to control communica-
tion of the working oil, a valve device X consisting of a
valve mechanism portion 62 which drives an exhaust
valve 36 to open and close with oil pressure and a valve
drive unit 61 having a solenoid valve portion 63 which
actuates the valve mechanism portion 62 so as to con-
trol communication of the working oil, and a controller R
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having a computer 65 which controls a solenoid coil 12
of the solenoid valve portion 31 of the injector device T
and a solenoid coil 48 of a solenoid valve portion 63 of
the valve device X appropriately in accordance with the
operating state of the internal combustion engine 68,
and it is constructed so that the working oil is fed to the
injector device T and the valve device X from the work-
ing oil feeding device P and the valve device X.

[0005] In a conventional oil pressure control sys-
tem, however, the working oil pump 76 always dis-
charges a constant quantity of high pressure working
oil, and the discharge pressure is regulated by releasing
the discharge oil by means of a pressure regulating
valve 75, thus producing big loss in the driving power.
Further, the fuel injector device T is composed as one
body of the injector portion 32, the oil pressure servo
mechanism 33 and the solenoid valve 31, and the struc-
ture thereof is complicated. Furthermore, the injector
device T has to be replaced entirely even in case a trou-
ble happens even at any one location. Therefore, not
only economical disadvantages are caused, but also
deterioration of the working oil is not avoidable because
the working oil and the fuel oil are existent in a mixed
state in the injector device T.

[0006] Further, the valve device X is composed of
the valve mechanism portion 62, the solenoid valve por-
tion 63 and the valve drive unit 61 as one body. Thus,
there have been such problems that the structure is
complicated and the valve device X has to be replaced
entirely even if a trouble occurs at any one place, which
is uneconomical, and moreover, consumption of the
working oil is large and the loss of the driving power of
the working oil pump 76 is also big since the valve drive
device 61 is composed of a single piston.

OBJECT AND SUMMARY OF THE INVENTION

[0007] It is an object of the present invention which
has been made in view of such points to provide a fuel
injection system for an internal combustion engine in
which above-described problems of a conventional fuel
injection system are solved, the oil feeding quantity of a
working oil pump may be matched surely to the use
quantity, power loss is small, and oil pressure fluctuation
is small.

[0008] It is another object of the present invention to
provide a highly economical fuel injection system for an
internal combustion engine in which above-described
problems of a conventional fuel injection system are
solved, the structure is simple and troubles occur less,
only the minimal parts exchange is required in case a
trouble occurs, working oil consumption is small, driving
power loss of a working oil pump is reduced, and fuel oil
is prevented from mixing into the working oil so as to
eliminate deterioration.

[0009] The epitome of the present invention for
achieving above-mentioned objects is as stated in the
following.
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[0010] A fuel injection system for an internal com-
bustion engine according to the present invention com-
prises a a plurality of high pressure pumps, working oil
sources for feeding working oil to said high pressure
pumps;an accumulator or gathering pipe for accumulat-
ing high pressure working oil discharged from the
respektive high pressure pumps;a pressure detector for
detecting the pressure of working oil in said accumula-
tor or gathering pipe;an actuator for adjusting the dis-
charge quantity of said high pressure pumps; and a
controller for controlling said pressure of working oil to a
predetermined pressure by adjusting the discharge
quantity of said high pressure pumps by said actuator
on the basis of deviations of said pressure detected by
said pressure detector from said predetermined pres-
sure, said high pressure pumps are disposed around a
crank shaft of the engine, said high pressure pumps are
driven by a cam having a plurality of lobes integrally
fixed to the outer circumference of said crank shaft, so
that the number of discharge times from said high pres-
sure pumps per one revolution of the engine is
expressed by the product of the number of said high
pressure pumps and the number of said lobes of the
cam, there are further provided:a crank angle detector
for detecting the crank angle of said crank shaft; a fuel
injection pump of the oil pressure drive type; and a
switching valve between a pressure chamber of said
fuel injection pump and said accumulator or gathering
pipe so that said switching valve can be opened and
closed by said controller on the basis of signals from
said crank angle detector, thereby injecting the required
quantity of fuel oil into cylinders via said fuel injector.
Here, it is prefered, that the high pressure pumps are
arranged in equal intervals around the said cam.

[0011] As to the operation of a fuel injection system
of the present invention, since a jerk type fuel injection
pump having sufficient application results as a high
pressure pump is utilized and a plurality of these pumps
are used, the working oil will never be stopped to be fed
by means of other. pumps in case one set of plunger
and barrel stick together and restoration to the original
state can be made by replacing a stuck high pressure
pump. Thus, it is not required to suspend the engine
completely even when a trouble occurs in the pump in a
part. According to the invention it is possible to
decrease the number of high pressure pumps thereby
to thin out related pumps so that discharge oil pressure
fluctuation becomes less, and the volume of the gather-
ing pipe can be reduced. Furthermore, since the oil
pressure in the gathering pipe is detected and the dis-
charge quantity of the high pressure pump is controlled
through the pump rack based on the deviation from a
predetermined pressure so that the working oil is dis-
charged by the quantity corresponding to the consump-
tion quantity, there is an advantage that the loss of
driving power of the high pressure pump may be made
small.

[0012] The present invention being constructed as
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described above, such effects are obtainable that driv-
ing loss of high pressure pumps is eliminated, discharge
pressure fluctuation of the high pressure pumps may be
made small, the volume of an accumulator or a gather-
ing pipe may also be reduced, high safety may be
achieved because a plurality of high pressure pumps
are installed, and suspension of feeding working oil may
be prevented.

[0013] Further, a fuel injection system for an inter-
nal combustion engine comprises a valve device of the
oil pressure drive type; and a switching valve for con-
nection between a pressure chamber of said valve
device and said accumulator or gathering pipe so that
said switching valve can be opened and closed by the
predetermined timing by said controller on the basis of
signals from said crank angle detector, thereby opening
and closing an exhaust valve via said valve device.
[0014] Furthermore, a fuel injection system for an
internal combustion engine comprises a starting
booster which feeds high pressure working oil to above-
mentioned accumulator or gathering pipe at the time of
starting said engine based on an instruction of said con-
troller.

[0015] As to the operation of the present invention,
a valve device M being composed of two stages, a large
diameter piston for opening an exhaust valve and a
small diameter piston for maintaining lift, consumption
of the working oil is small. Further, the discharge quan-
tity of the high pressure working oil pump is controlled
by the controller through the valve actuator so as to dis-
charge only a required quantity corresponding to a set
pressure of the accumulator. Therefore, the driving
power of the high pressure working oil pump can be
reduced by a large margin, which is advantageous eco-
nomically. Furthermore, since a plurality of high pres-
sure working oil pumps are provided, the pump may be
replaced individually even during operation and it is not
required to suspend the engine.

[0016] Further, the fuel injector is separated inde-
pendently into a fuel regulating valve, a fuel pressurizer
and a fuel valve. Therefore, parts to be repaired or to be
replaced against individual trouble are small in number.
Thus, the fuel injection system is economical, and is
able to prevent the fuel oil from mixing into the working
oil before it happens.

[0017] Furthermore, the exhaust valve device is
also separated independently into a valve regulating
valve and a valve actuator, and parts to be repaired or to
be replaced against individual trouble ate small in
number, which is economical.

[0018] Moreover, starting can be performed surely
and easily because the high pressure working oil flows
into an accumulator C from a starting booster at the
time of starting.

[0019] The present invention being composed as
described above, such effects are obtained that con-
sumption of accumulated working oil may be reduced to
the irreducible minimum of the demand, thus eliminating
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driving power of a high pressure working oil pump. Fur-
thermore, repair and parts replacement to the irreduci-
ble minimum of the demand may be performed without
suspension of an engine by separating composition of
equipments independently, and it is also possible to
avoid deterioration of working oil by preventing fuel oil
from mixing into the working oil, and to prevent acci-
dents from occurring by suspending fuel injection in a
cylinder after defective operation of the discharge valve
occurs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1 thru Fig. 5 show a first embodiment of the
present invention, wherein:

Fig. 1 is a structural view of a rear end portion of an
engine (taken along a line I-l in Fig. 2);

Fig. 2 (a) is a perspective view seen in a direction
shown at Il in Fig. 1;

Fig. 2 (b) is a sectional view taken along a line Il,-
I, in Fig. 1;

Fig. 3 is a sectional view of a high pressure pump;
Fig. 4 is an explanatory view of pressure fluctua-
tion; and

Fig. 5 shows explanatory diagrams for explaining
pump arrangement and discharge interval.

Fig. 6 thru Fig. 10 show a second embodiment of
the present invention, wherein:

Fig. 6 shows general structural views of an oil pres-
sure control system;

Fig. 7 is a detailed view of a valve regulating valve
F shown in Fig. 6;

Fig. 8 is a detailed view of a fuel regulating valve
shown in Fig. 6;

Fig. 9 is a perspective view seen in a direction
shown at IX in Fig. 6, which shows an arrangement
example of high pressure working oil pumps;

Fig. 10 is a sectional view of a high pressure work-
ing oil pump; and

Fig. 11 is a general structural view of a conventional
oil pressure control system.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0021] Embodiments of the present invention will be
described in detail hereafter with reference to the
accompanying drawings.

The first embodiment:

[0022] An embodiment of the present invention will
be described hereafter with reference to Figs. 1 to 5.

[0023] Fig. 1 is a structural view of a rear end por-
tion of an engine, which is a sectional view taken along
aline I-lin Fig. 2, Fig. 2 (a) is a perspective view seen in
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a direction shown at Il in Fig. 1, and Fig. 2 (b) is a sec-
tional view taken along a line lly-Il,, in Fig. 1 showing a
general structural view of a fuel injection system.

[0024] In these Figures, a numeral 1 denotes a
crank shaft, 2 denotes a thrust collar formed with the
crank shaft 1 as one body, 3 denotes a plurality of thrust
pads which form a thrust bearing which receives the
thrust collar 2 and moves forward and rearward, 4
denotes a cam which has a plurality of lobes 4a fas-
tened to the outer periphery of the thrust collar 2
through a key 5 as one body with bolts and is divided
into halves, and 6 denotes a journal bearing which
receives the crank shaft 1. 7 denotes a fitting base fas-
tened with bolts to an engine body 8, 9 denotes a high
pressure pump fastened with bolts to the fitting base 7
through a pump cradle 10, 11 denotes a roller fitted
rotatably to a slide cylinder 13 through a pin 12, and the
slide cylinder 13 is guided slidably up and down on the
fitting base 7 and the pump cradle 10 and the upper end
thereof abuts against a plunger of the high pressure
pump 9.

[0025] A spring 14 presses the roller 11 against the
cam 4 through the pin 12. A plurality of high pressure
pumps 9 are arranged radially at a pitch 6, and pump
racks 9a of respective high pressure pumps 9 are joined
with each other and one end thereof is coupled with an
actuator 15, and the discharge quantity of these high
pressure pumps is controlled through feedback by
means of a controller 16 so that the pressure of a gath-
ering pipe 17 becomes a set value. In Fig. 2, the high
pressure pump 9 shown with a broken line shows a
case in which the number of pumps is reduced in an
engine having a small number of cylinders, and is
shielded with a cover 18. The high pressure pump 9 has
a low pressure oil gateway 19, and the low pressure oil
is fed from a tank 20 by a motor-driven oil pump 22
through a filter 21, and circulates in the high pressure
pump, and the oil pressure is regulated by a pressure
regulating valve 23. The filter 21 and the oil pump 22 are
provided against emergency.

[0026] Fig. 3 is a sectional view showing a jerk type
high pressure pump. A plunger 30 is guided slidably
along a plunger barrel 32 having an oil filler port 32a
fixed to the body 31. The plunger 30 is pressed against
the slide cylinder 13 at the lower portion thereof by
means of a spring 33, moves vertically by the cam 4,
rotates the plunger 30 through a sleeve 34 by the pump
rack 9a and changes the position of a lead 35 so as to
control the discharge quantity of the high pressure
pump 9. A discharge valve 38 which is fastened with a
bolt 39 through a cap metal fittings 36 and pressed
downward by a spring 37 is provided in an upper part of
a barrel 32, and 40 indicates a high pressure oil outlet.
[0027] In the next place, the operation of the
present embodiment will be described.

[0028] Since a plurality of high pressure pumps 9
are installed, the high pressure oil is continued to be
feed even when one set of pump sticks if other pumps
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are in a normal state, thus making it possible to repair
and restore the high pressure pump without suspending
the engine. The number of discharge times Y of the high
pressure pump 9 per one revolution of the engine is
expressed by the product of the number N of the high
pressure pumps 9 and the number Z of the lobes of the
cam 4 as shown in the following expression.

Y=NxZ @)
[0029] Here, the coefficient of pressure fluctuation
Ap of the high pressure oil produced by the discharge of
the working oil is determined by the coefficient of flow
rate fluctuation Aq of the discharge, and Aq is expressed
by the number of discharge times Y as shown in Fig. 4.
Fig. 4 shows discharge at equal intervals, and the pres-
sure fluctuation becomes the minimal in the case of
equal intervals.

[0030] Next, an example at equal intervals in the
present invention will be explained with reference to Fig.
5. When it is assumed that the number of lobes of the
cam is Z and the number of high pressure pumps is N,
the interval 6 (degrees) of high pressure pump arrange-
ment is expressed as:

360

)

N
P4

[0031] Namely, Fig. 5 shows a high pressure pump
arrangement drawing (upper drawing) and a high pres-
sure pump discharge interval drawing (lower drawing)
when the number of lobes of the cam is 4, and the
number of high pressure pumps is 4 in Fig. 5 (a), 3 in
Fig. 5 (b) and 2 in Fig. 5 (c) (the number of high pres-
sure pumps is increased and decreased in accordance
with the number of cylinders). When description is made
in detail with

[0032] Fig. 5 (a) as an example, 360°/4 = 90° is con-
sidered as one unit in case the number of lobes of the
cam is 4, and high pressure pump are arranged (shown
at positions shown with (O in the upper drawing) at
every interval 64 (degrees) obtained by dividing 90° by
the number of high pressure pumps.

[0033] In the case of Fig. 5 (c), the configuration
shows that high pressure pumps shown in Fig. 5 (a) are
thinned out, and thus common elements such as a fit-
ting base shown in Fig. 5 (a) may be used. Accordingly,
commonness may be planned, thus curtailing the cost.
[0034] Further, in the case of Fig. 5, it is possible to
thin out one set of high pressure pump shown in Fig. 5
(a) for a 5-6 cylinder engine (though no longer at equal
intervals). Therefore, further cost reduction may be
expected by common use of parts.

[0035] Besides, it is needless to say that 360°/3 =
120° or 360°/5 = 72° is adopted as one unit when the
number of lobes of the cam is 3 or 5.

[0036] Furthermore, since the controller 16 controls
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one end of the rack 9a through the actuator 15 so that
the deviation becomes zero by comparing a set pres-
sure and a detected pressure in the gathering pipe 17,
the high pressure pump 9 feeds the working oil in the
quantity corresponding to the consumption quantity,
and the driving loss of the high pressure pumps is small.
The second embodiment:

[0037] Another embodiment of the present inven-
tion will be described hereafter with reference to Figs. 6
to 10.

[0038] Fig. 6 is a general structural view of an elec-
tronic oil pressure control system of a fuel injection sys-
tem, Fig. 7 is a structural view of a valve regulating valve
in Fig. 6, Fig. 8 is a structural view of a fuel regulating
valve in Fig. 6, Fig. 9 is a perspective view seen in a
direction shown at IX in Fig. 6 showing an arrangement
diagram of high pressure working oil pumps, and Fig. 10
is a sectional view of a jerk type high pressure hydraulic
oil pump.

[0039] In Fig. 6, A indicates an oil pressure source
consisting of a plurality of high pressure working oil
pumps A4 which are driven by a multi-lobe cam A2 fixed
as one body on an outer periphery of a thrust collar A1
at a rear portion of a crank shaft through a roller A3.
Incidentally, low pressure working oil is fed with circula-
tion to the oil pressure source A from a working oil feed-
ing source B consisting of a filter B1, an electric pump
B2, a pressure regulating valve B3 and a tank B4. C
indicates an accumulator which accumulates high pres-
sure working oil which has been fed with pressure from
the oil pressure source A, and D indicates a fuel regulat-
ing valve which consists of an injection starting logic
valve D2 and an injection terminating logic valve D3
which are opened and closed through working oil by
means of a 5-way electromagnetic valve D1 controlled
by a controller E. F indicates a valve regulating valve,
which includes a valve opening logic valves F3 and a
valve opening logic valve F4 which are opened and
closed through working oil by means of 3-way electro-
magnetic valves F1 and F2. G indicates a fuel pressu-
rizer, which is fixed to a body G1 and includes a barrel
G3 for guiding a plunger G2, a pump rack G4 which
rotates the plunger G2 and regulates discharge quantity
of high pressure fuel oil, a spring G5 which energizes
the plunger G2 downward, an injection pump G10 hav-
ing a discharge valve G6, and a piston G8 guided by a
cylinder G7 which receives working oil controlled by the
fuel regulating valve D and drives the injection pump
G10. Low pressure fuel oil is fed with circulation to the
injection pump G10 from a fuel feeding source H con-
sisting of a filter H1, an electric pump H2, a pressure
regulating valve H3 and a tank H4. The fuel oil pressu-
rized to a high pressure is injected into a cylinder not
shown by means of the injection pump G10 from a plu-
rality of fuel valves L through a high pressure pipe J and
a branching metal mountings K.

[0040] M indicates a valve actuator and is com-
posed of a two-stage piston M3 guided by a cylinder M2
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fixed to a body M1 and a check valve M4. The two-stage
piston M3 has a small diameter piston M3a and a large
diameter piston M3b, and the cylinder M2 has a small
diameter piston feeding hole M2a and a large diameter
piston feeding hole M2b. Further, the valve actuator M
has the two-stage piston M3 and oil cushions M6 and
M5 at upper and lower moving ends. N indicates an
exhaust valve, which is fixed to a cylinder cover N1 and
consists of a valve rod guide N3 which guides a valve
rod N2 and an air spring N4, and the air spring N4 is fed
with air from a guide tank N5. P indicates a starting
booster, which receives low pressure working oil from
the working oil feeding source B and sends with pres-
sure high pressure working oil to the accumulator C
temporarily at the time of starting an engine based on
an instruction of the controller E. A5 indicates an actua-
tor, in which discharge quantity of the high pressure
working oil pump A4 is controlled by means of the con-
troller E with a signal of a pressure detector C1 so that
the pressure in the accumulator becomes a set pres-
sure. A6 indicates a crank angle detector, which outputs
a signal for the controller E to control the 5-way electro-
magnetic valve D1 and 3-way electromagnetic valves
F1 and F2. Z indicates an operation detector of the
exhaust valve N and outputs a signal notifying of defec-
tive operation of the exhaust valve to the controller E.

[0041] Fig. 7 shows a concrete construction of a
valve opening logic valve F3, a valve closing logic valve
F4 and 3-way electromagnetic values F1 and F2, and
Fig. 8 shows a concrete construction of an injection
starting logic valve D2, an injection terminating logic
valve D3, a 5-way electromagnetic valve D1 and an
accumulator C. Fig. 9 is an arrangement drawing of high
pressure working oil pumps A4. Fig. 10 shows a jerk
type high pressure fuel pump, in which A4a denotes a
body, Ad4b denotes a barrel, Ad4c denotes a plunger
guided by the barrel Adb, A4d denotes a pump rack
which regulates discharge quantity by rotating the
plunger Adc, Ade denotes a spring which energizes the
plunger Ad4c downward, and A4f denotes a discharge
valve.

[0042] Next, the operation of above-mentioned
embodiment will be described.

[0043] In Fig. 9, the working oil is fed to high pres-
sure working oil pumps A4 under low pressure from the
working oil feeding source B and pressurized by the
high pressure working oil pumps A4 during engine oper-
ation, and the working oil is pressurized temporarily by
means of a starting booster P and accumulated in the
accumulator C. The controller E controls pump racks
A4d of high pressure working oil pumps A4 through an
actuator A5 based on a signal of a pressure detector C1
so that the accumulator pressure becomes a set value,
and regulates the discharge quantity of high pressure
working oil pumps A4 to a required quantity. The accu-
mulated oil is controlled by the switching valve D in
accordance with an instruction of the controller E based
on a signal of a crank angle detector A6 and is fed to a
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fuel pressurizer G by the injection starting logic valve D2
at the time of fuel injection, and has the piston G8
stroke. Feeding is suspended at the completion of
stroke of the piston G8 corresponding to the fuel injec-
tion quantity. The working oil fed to the fuel pressurizer
G is discharged by the injection terminating logic valve
D3, and the piston G8 returns to the initial position by
the urging force of a spring G5. The injection pump G10
pressurizes the fuel oil fed from a fuel feeding source H
under a low pressure by upward movement of the piston
G8 and injects it into a cylinder not shown from fuel
valves L through a high pressure pipe J and a branching
metal mounting K. Further, the injection pump G10
makes the injection quantity zero through an actuator
G9 so as to sustain the engine by means of the control-
ler E of the pump racks G4 and an independent device
not shown upon an abnormal state of the controller E.
Incidentally, the following methods of checking abnor-
mal state may be considered.

@ When there is no input/output because of dis-
connection of the controller, checking is possible by
monitoring input/output signals.

@ When an input/output signal of the controller
shows an abnormal value, checking may be made
in such a manner that an appropriate range is pre-
determined and an input/output signals are moni-
tored so as to find whether these signals are off the
appropriate range.

® When a driver of a switching valve becomes
inoperative, checking may be made by monitoring
the operation of the switching valve with a sensor.

[0044] The valve regulating valve F controls the
accumulated oil in accordance with an instruction of the
controller E based on a signal of the crank angle detec-
tor A6. The accumulated oil is fed to the valve actuator
M by the valve opening logic valve F3 at the time of
opening the exhaust valve so as to have an exhaust
valve N stroke, and the stroke is suspended after com-
pletion of required strokes. The working oil in the valve
actuator M is discharged by the valve closing logic valve
F4 at the time of closing the exhaust valve, and the two-
stage piston M3 is returned to the initial position by the
energizing force of the air spring N4, thus completing
the operation of the exhaust valve N. When an exhaust
valve having a large resistance of the exhaust valve N is
opened, the accumulated oil is fed to a small diameter
piston M3a from a check valve M4 and fed to a large
diameter piston M3b through a large diameter piston
feeding hole M2b, thereby to consume a large flow
quantity. However, when the two-stage piston M3
strokes until the time when the resistance of the exhaust
valve N becomes small, the accumulated oil is fed to a
small diameter piston also through a large diameter pis-
ton feeding hole M2b, thus reducing consumption of the
accumulated oil. Further, the movement of the two-
stage piston M3 is relieved by means of oil cushions M5



1 EP 0 478 099 B1 12

and M6 at upper and lower ends of the stroke, thereby
to prevent mechanical collision. When defective opera-
tion of the exhaust valve N is detected by the operation
detector Z which checks light quantity of a gap sensor
and the like, the injection quantity of fuel injection there-
after in the cylinder is made zero by means of a device
not shown which makes the pump rack G4 independent
of the controller E so as to suspend the engine, thereby
to prevent accident from occurring.

Claims

Fuel injection system for an internal combustion
engine (8), comprising:

a plurality of high pressure pumps (9,A4);

a working oil source (20) for feeding working oil
to said high pressure pumps;

an accumulator (C) or gathering pipe (17) for
accumulating high pressure working oil dis-
charged from the respektive high pressure
pumps;

a pressure detector (C1) for detecting the pres-
sure of working oil in said accumulator or gath-
ering pipe;

an actuator (15,9a,A5,A4d) for adjusting the
discharge quantity of said high pressure
pumps; and a controller (16,E) for controlling
said pressure of working oil to a predetermined
pressure by adjusting the discharge quantity of
said high pressure pumps by said actuator on
the basis of deviations of said pressure
detected by said pressure detector from said
predetermined pressure,

characterized in that said high pressure pumps
are disposed around a crank shaft (1, A1) of
the engine, said high pressure pumps are
driven by a cam (4, A2) having a plurality of
lobes (4a) integrally fixed to the outer circum-
ference of said crank shaft, so that the number
of discharge times from said high pressure
pumps per one revolution of the engine is
expressed by the product of the number of said
high pressure pumps and the number of said
lobes of the cam, there are further provided:

a crank angle detector (A6) for detecting the
crank angle of said crank shaft; a fuel injection
pump (G10) of the oil pressure driven type; and
a switching valve (D) between a pressure
chamber of said fuel injection pump and said
accumulator or gathering pipe so that said
switching valve can be opened and closed by
said controller on the basis of signals from said
crank angle detector, thereby injecting the
required quantity of fuel oil into cylinders of said
internal combustion engine via said fuel injec-
tor.
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2,

Fuel injection system for an internal combustion
engine, as claimed in claim 1, wherein said high
pressure pumps (9,4A) are arranged in equal inter-
vals around said cam (4,12).

Fuel injection system for an internal combustion
engine, as claimed in claim 1, wherein there is fur-
ther provided a starting booster (P) which feeds
high pressure working oil to said accumulator or
gathering pipe at the time of starting said engine
based on an instruction of said controller (16,E).

Fuel injection system for an internal combustion
engine according to claim 1, wherein there are fur-
ther provided:

a valve device (M) of the oil pressure drive
type; and a switching valve (F) for connection
between a pressure chamber (M2) of said
valve device and said accumulator or gathering
pipe so that said switching valve can be
opened and closed by the predetermined tim-
ing by said controller on the basis of signals
from said crank angle detector, thereby open-
ing and closing an exhaust valve (N) via said
valve device.

Patentanspriiche

1.

Kraftstoffeinspritzsystem flr einen Verbrennungs-
motor (8), bestehend aus:

einer Anzahl von Hochdruckpumpen (9, A4),
einer Druckolquelle (20) zur Versorgung der
Hochdruckpumpen mit Druckdl,

einem Druckspeicher (C) oder einem Druck-
speicherrohr (17) zur Aufnahme von mit hohem
Druck beaufschlagtem Druckdl, das von den
entsprechenden Hochdruckpumpen geférdert
wurde,

einem Druckmefflhler (C1) zum Messen des
Drucks des Druckdls in dem Druckspeicher
bzw. Druckspeicherrohr,

einem Stellantrieb (15, 9a, A5, A4d) zum
Anpassen der Férdermenge der Hochdruck-
pumpen und einem Regler (16, E) zum Regeln
des Druckdldrucks auf einen bestimmten
Druck, was mit Hilfe des Stellantriebs durch
Anpassen der Férdermenge der Hochdruck-
pumpen anhand der Abweichung des mit Hilfe
des Druckmeffiihlers gemessenen Drucks
vom vorgegebenen Druck geschieht,

dadurch gekennzeichnet, dal® die Hochdruck-
pumpen um eine Kurbelwelle (1, A1) herum
angeordnet sind, wobei die Hochdruckpumpen
durch einen Nockenkérper (4, A2) angetrieben
werden, der eine Anzahl von Nockenerhebun-
gen (4a) hat, die am auReren Umfang integriert
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auf der Kurbelwelle angeordnet sind, so dal
die FoérderstolRanzahl der Hochdruckpumpen
je Motorumdrehung durch das Produkt aus der
Anzahl der Hochdruckpumpen und der Anzahl
der Nockenerhebungen ausgedriickt werden
kann, wobei des weiteren als Bestandteile vor-
gesehen sind:

ein KurbelwinkelmeRflhler (A6) zum Messen
des Kurbelwinkels, eine druckolbetriebene
Kraftstoffeinspritzpumpe (G10) und ein Schalt-
ventil (D) zwischen einem Druckraum der Kraft-
stoffeinspritzpumpe und dem Druckspeicher
bzw. dem Druckspeicherrohr, so daR das
Schaltventil durch Signale von dem Kurbelwin-
kelmefRfihler durch den Regler getffnet und
geschlossen werden kann, wodurch mit Hilfe
der Einspritzdise die erforderliche Menge
Kraftstoff in die Zylinder des Verbrennungsmo-
tors eingespritzt wird.

Kraftstoffeinspritzsystem fir einen Verbrennungs-
motor nach Anspruch 1, bei dem die Hochdruck-
pumpen (9, A4) in gleichméaRigen Abstidnden um
den Nockenkdorper (4, 12) herum angeordnet sind.

Kraftstoffeinspritzsystem fiir einen Verbrennungs-
motor nach Anspruch 1, bei dem des weiteren ein
Startverstarker (P) vorgesehen ist, der zum Zeit-
punkt des Anlassens des Motors auf einen Befehl
vom Regler (16, E) dem Druckspeicher bzw. dem
Druckspeicherrohr unter hohem Druck Druckél
zuflhrt.

Kraftstoffeinspritzsystem fir einen Verbrennungs-
motor nach Anspruch 1, bei dem des weiteren als
Bestansteile vorgesehen sind:

eine druckolbetriebene Ventileinrichtung (M)
und ein Schaltventil (F) zur Herstellung der Ver-
bindung zwischen einem Druckraum (M2) der
Ventileinrichtung und dem Druckspeicher bzw.
Druckspeicherrohr, so dal® das Schaltventil
entsprechend der Taktung, die durch den Reg-
ler durch die Signale vom KurbelwinkelmeRfiih-
ler vorgegeben wird, gedffnet oder
geschlossen wird, wodurch Uber die Ventilein-
richtung ein AuslaRventil (N) gedffnet und
geschlossen wird.

Revendications

Systéme d'injection de carburant pour un moteur a
combustion interne (8), comprenant :

- une pluralité de pompes a haute pression (9,
Ad);

- une source d'huile de fonctionnement (20) pour
fournir de I'huile de fonctionnement auxdites
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pompes a haute pression ;

- un accumulateur (C) ou un conduit de collecte
(17) pour accumuler de I'huile de fonctionne-
ment a haute pression évacuée des pompes a
haute pression respectives ;

- un détecteur de pression (C1) pour détecter la
pression de l'huile de fonctionnement dans
ledit accumulateur ou ledit conduit de collecte ;

- un actionneur (15, 9a, A5, A4d) pour ajuster le
débit desdites pompes a haute pression ; et

- un dispositif de commande (16, E) pour com-
mander ladite pression de I'huile de fonctionne-
ment a une pression prédéterminée en
ajustant le débit desdites pompes a haute pres-
sion par ledit actionneur sur la base d'écarts de
ladite pression détectés par ledit détecteur de
pression a partir de ladite pression prédétermi-
née,
caractérisé en ce que lesdites pompes a haute
pression sont disposées autour d'un vilebre-
quin (1, A1) du moteur, lesdites pompes a
haute pression sont entrainées par une came
(4, A2) ayant une pluralité de lobes (4a) fixés
intégralement a la périphérie externe dudit vile-
brequin, de sorte que le nombre de fois d'éva-
cuation desdites pompes a haute pression par
tour du moteur est exprimé par le produit du
nombre desdites pompes a haute pression et
du nombre desdits lobes de la came, il est de
plus prévu : un détecteur d'angle (A6) pour
détecter 'angle dudit vilebrequin ; une pompe
d'injection de carburant (G10) du type entrainé
par la pression d'huile ; et une valve de com-
mutation (D) entre une chambre de pression de
ladite pompe d'injection de carburant et ledit
accumulateur ou ledit conduit de collecte, de
sorte que ladite valve de commutation peut
étre ouverte et fermée par ledit dispositif de
commande sur la base de signaux a partir du
détecteur d'angle, en injectant ainsi la quantité
requise de carburant dans les cylindres dudit
moteur a combustion interne via ledit injecteur
de carburant.

Systéme d'injection de carburant pour un moteur a
combustion interne comme revendiqué dans la
revendication 1, dans lequel lesdites pompes a
haute pression (9, 4A) sont agencées a des inter-
valles égaux autour de ladite came (4, 12).

Systéme d'injection de carburant pour un moteur a
combustion interne comme revendiqué dans la
revendication 1,

dans lequel il est de plus prévu un amplificateur de
mise en marche (P) qui fournit de I'huile de fonc-
tionnement a haute pression vers ledit accumula-
teur ou ledit conduit de collecte au moment du
démarrage dudit moteur, en se basant sur une ins-
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truction dudit dispositif de commande (16, E).

Systéme d'injection de carburant pour un moteur a
combustion interne selon la revendication 1,

dans lequel il est de plus prévu : un dispositif a val-
ves (M) du type entrainé par la pression d'huile ; et
une valve de commutation (F) pour la connexion
entre une chambre de pression (M2) dudit dispositif
a valves et ledit accumulateur ou ledit conduit de
collecte, de sorte que ladite valve de commutation
peut étre ouverte et fermée par minutage prédéter-
miné par ledit dispositif de commande sur la base
de signaux dudit détecteur d'angle, en ouvrant et en
fermant ainsi une valve d'échappement (N) via ledit
dispositif a valves.
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