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(54) FUEL INJECTION SYSTEM WITH MULTIPLE VALVES AND FUEL INJECTION METHOD 
THEREOF

(57) A fuel injection system with multiple valves com-
prising an electronic unit pump (3) for outputting high
pressure fuel; a low pressure fuel duct (1) for filing fuel
into the plunger cavity of the electronic unit pump; a fuel
supply cam (2) for propelling the movement of the plunger
of the electronic unit pump to produce high pressure fuel;
at least two electronically controlled fuel injection nozzles
(41, 42) for injecting fuel; high pressure fuel tube (6) con-
necting the electronic unit pump and the electronically
controlled fuel injection nozzles for transporting the high
pressure fuel outputted from the electronic unit pump and

to the electronically controlled fuel injection nozzles; and
an electronic control unit (5) connected to the electronic
unit pump and to the electronically controlled fuel injec-
tion nozzles, respectively, for controlling the electronic
unit pump and the opening and closing of solenoid valves
in the fuel injection nozzles. The fuel injection system
can meet the demands for the properties of large range
fuel injection and high circulating response. Also dis-
closed is a fuel injection method of the fuel injection sys-
tem with multiple valves.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to fuel injection
system. In detail, it is to an electronically controlled high
pressure fuel supply system and a method characterized
by ideal fuel supply performance with full range of oper-
ating condition.

BACKGROUND OF THE INVENTION

[0002] With the development of the liquid fuel engine
technology, high power density is greatly needed. The
higher efficiency of cylinder combustion process can en-
hance the engine power, wherein the most important fac-
tor is to optimize the fuel injection process.
[0003] Taking diesel engine as an example, with the
enhancement of the power, the power scope becomes
wider, which needs to enlarge the range of fuel injection
quantity. Large fuel injection means to require large fuel
injector nozzle area. Under the condition of small fuel
injection quantity or idling, the large fuel injector nozzle
can cause relatively large fuel injection error which may
lead to speed fluctuation. However, if we accurately con-
trol the fuel injection quantity at the low speed, we will
not get the maximum fuel injection. The highly-intensified
diesel engine should embrace the real-time flexible ad-
justable characteristics at the process of high pressure
injection so as to improve the dynamic characteristics of
the engine. As for the mainstream oil supply system it is
a challenge to accurately control the large scope of fuel
injection quantity and improve the cycle responding char-
acteristics of the fuel injection system.
[0004] The high pressure common rail fuel supply sys-
tem can flexibly regulate the fuel injection. But the larger
volume of the common rail cavity leads to slower cycle
response speed that is unable to regulate injection start-
ing pressure in cycles. The electronic unit pump adopts
the mode of one cylinder to one pump which accumulates
the high pressure only at the injection stage. It can obtain
the high injection pressure and enjoy system reliability.
But the disadvantages are also obvious: the injection
pressure and fuel injection law can not be adjusted, the
injection pressure relates with cam speed which cannot
match the injection characteristic for high speed and low
speed simultaneously. It can be concluded that neither
high pressure common rail fuel supply system nor elec-
tronic unit pump can meet the large fuel injection scope
of the highly-intensified diesel engine and high require-
ments for the cycle response characteristic.
[0005] Thus, we need a new type of fuel injection tech-
nology to optimize the fuel injection process to solve the
above problems.

SUMMARY OF THE INVENTION

[0006] The present invention integrates the advantag-

es of both electronic unit pump and high-pressure com-
mon rail system. It adopts the structure with one elec-
tronic unit pump to multi electronic fuel injectors and pro-
vides a new valve fuel system. Based on the fuel supply
cam profile of the electronic unit pump and the speed,
injection pressure and injection law can be flexibly reg-
ulated through adjusting the controlled time sequence of
the electronic unit pump and electronic fuel injectors.
[0007] The present invention provides a type of fuel
injection system with multiple valves which includes the
following components.
[0008] Electronic unit pump, which is used to output
high pressure fuel.
[0009] Low pressure fuel pipe, which is used to input
fuel to the pump chamber of electronic unit pump as men-
tioned.
[0010] Fuel supply cam, which is used to push the
plunger of the electronic unit pump mentioned above to
generate the high pressure fuel.
[0011] At least two electronic fuel injectors for fuel in-
jection.
[0012] High pressure fuel injection pipe. Which is used
to connect the electronic unit pump and electronic fuel
injectors as mentioned and make the high pressure fuel
outputted by the electronic unit pump flow into the elec-
tronic fuel injectors.
[0013] Electronic control unit, which is used to connect
the electronic unit pump and electronic fuel injectors as
mentioned above respectively. It can control the opening
and closing of the solenoid valve in the electronic unit
pump and electronic fuel injectors as mentioned.
[0014] The present invention also provides a new in-
jection method of fuel injection system with multiple
valves including the following components.
[0015] Electronic unit pump, which is used to output
the high pressure fuel.
[0016] Low pressure fuel pipe, which is used to input
fuel to the pump chamber of electronic unit pump as men-
tioned
[0017] Fuel supply cam, which is used to push the
plunger motion of the electronic unit pump as mentioned
to generate the high pressure fuel.
[0018] Two electronic fuel injectors at least, which are
used for fuel injection.
[0019] High pressure injection pipe, which is used to
connect the electronic unit pump and the electronic fuel
injectors as mentioned and make the high pressure fuel
outputted by the electronic unit pump flow into the elec-
tronic fuel injectors.
[0020] Electronic control unit, which is used to connect
the electronic unit pump and electronic fuel injectors as
mentioned respectively. It can control the opening and
closing of the solenoid valve in the electronic unit pump
and electronic fuel injectors as mentioned.
[0021] The present injection method includes the fol-
lowing procedures.
[0022] Input fuel to the pump chamber of the electronic
unit pump by the low pressure fuel pipe.
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[0023] When the fuel supply cam pushes the plunger
of the electronic unit pump to move towards the plunger
chamber and the control valve of the electronic unit pump
is closed, cut off the connection between the low pressure
fuel pipe and the plunger chamber, and the plunger is
pushed by the fuel supply cam which extrudes the fuel
to get high pressure. In addition, the high pressure fuel
flows into the electronic fuel injector through the high
pressure injection pipe.
[0024] According to the combustion demand, at least
one solenoid valve of the electronic fuel injector should
be time opening to finish one injection process.
[0025] The present invention has the following advan-
tages: first, the common rail cavity was replaced by the
high pressure fuel injection pipe which not only makes
the electronic unit pump and electronic fuel injector keep
pressure with synchronization but also improves the re-
sponding features of the system. Second, in the high
pressure fuel injection pipe, there is only instantaneous
high pressure, not continuous high pressure, so the re-
liability of the system can be improved. Third, the quick
adjustment of the characteristics of fuel supply in each
working cycle can be achieved, which meets the dynamic
acceleration characteristics of vehicles. Fourth, the so-
lenoid valves which are used for generating high pres-
sure and injecting fuel are controlled by the electronic
control units respectively. According to fuel injection de-
mand, operation timing of solenoid valves and injection
pressure are adjusted to generate high pressure at low
speed, greatly improve the starting characteristic of liquid
fuel engine and reduce emission during starting process.
Fifth, under the condition of high load and speed, it can
achieve large fuel injection quantity in a short time, so
optimizing the combustion process. Sixth, single elec-
tronic unit pump supplies fuel to multi-cylinders, which
leads to substantial decrease of the system cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] For a more complete understanding of the
present disclosure and its advantages, reference is now
made to the following description, taken in conjunction
with the accompanying drawings, in which:
[0027] FIG.1 is a profile of a preferred embodiment
structure of the fuel injection system with multiple valves
of this invention.
[0028] FIG.2 is a profile of another preferred embodi-
ment structure of the fuel injection system with multiple
valves of this invention.
[0029] FIG.3 is a profile of another preferred embodi-
ment structure of the fuel injection system with multiple
valves of this invention.
[0030] FIG.4 is a profile of another preferred embodi-
ment structure of the fuel injection system with multiple
valves of this invention.
[0031] FIG.5 is a flowchart of a preferred embodiment
of the method of fuel injection system with multiple valves
of this invention.

[0032] The identical and similar references represent
the identical and similar components in attached draw-
ings

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0033] The following drawings describe the invention
in details.
[0034] The drawings display embodiment of the inven-
tion, in which the identical and similar signs represent
the identical and similar components or components pos-
sess the identical and similar functions. The following
description of the preferred embodiments is merely ex-
emplary in nature and is in no way intended to limit the
invention, its application, or uses.
[0035] The following section provides many different
embodiments and examples which describe the different
structures of the present invention. In order to simplify
the publicity of the invention, the following section de-
scribes components and settings of a specific example.
In fact, they are only exemplary and their aims are not to
limit the invention. Besides, the present disclosure can
repeat the reference FIGs and /or letters in different ex-
amples. These repetitions are for aims of simplifying and
clearing, and they don’t express the relationship between
embodiments discussed and/ or their settings. Moreover
the invention supplies many examples of specific tech-
nology and material, but in this field, common technical
workers are aware of the application of other technology
and/or the usage of other material. In addition, the struc-
tures of the first character above the second character
can include not only the direct contact embodiment made
by the first and second character but also the embodi-
ment made by other characters between the first char-
acter and the second one, so that the first character may
not have direct contact with the second character. In the
drawing the components are not necessarily to scale and
this should be specially noticed. The present invention
omits the description of the known components and
processing technologies to avoid limiting this invention.
[0036] The structure of fuel injection system with mul-
tiple valves of the present invention (referring to FIG.1)
is depicted as follows. In FIG.1 the fuel injection system
with multiple valves includes low pressure fuel circuit 1,
fuel supply cam 2, electronic unit pump 3, electronic fuel
injector 4, electronic control unit 5 and high pressure in-
jection pipe 6, wherein the electronic unit pump 3 consists
of plunger 30 and solenoid valve 31 controlling the low
pressure fuel circuit. Moreover each electronic fuel injec-
tor 4 has the solenoid valve which can control fuel injec-
tion condition.
[0037] One end of the low pressure fuel circuit 1 con-
nects the tank 7 and the other end reaches electronic
unit pump 3. In most of the cases, the low pressure fuel
pipe 1 is in fluid communication with electronic unit pump
3 and it can make the low pressure fuel flow into the
electronic unit pump 3 from tank 7. When the solenoid
valve 31 between the low pressure fuel pipe 1 and elec-
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tronic unit pump 3 is closed, the fluid communication is
cut off.
[0038] When the fuel supply cam 2 rotates to a certain
angle, the bulge of the fuel supply cam 2 has contact with
plunger 30 of the electronic unit pump 3, drive plunger
30 move upward and extrude the fuel in the plunger
chamber. With ceaseless rotation of the fuel supply cam
2, the cam drives plunger 30 to make reciprocating linear
motion and then make the electronic unit pump work.
When plunger moves down, the plunger chamber is full
of fuel. When the plunger moves up, it squeezes the fuel.
When plunger 30 moves up and the solenoid valve 31 is
open, with the connectivity of tank, low pressure fuel cir-
cuit, plunger chamber and high pressure fuel pipe, the
squeezing cannot generate high pressure in the plunger
chamber and high pressure pipe. When plunger 30
moves up and the solenoid valve 31 is closed, with the
disconnection of high and low pressure fuel pipe, the
plunger compresses the enclosed spaces to generate
high pressure in the high pressure fuel injection pipe. The
opening and closing of the solenoid valve 31 of the elec-
tronic unit pump 3 is controlled by the electronic control
unit 5.
[0039] The high pressure fuel flows into the electronic
fuel injector 4 through high pressure pipe 6. As shown in
the FIG, electronic control unit 5 can control the operation
timing of the electronic fuel injector 4. According to the
engine firing sequence and fuel injection timing, electron-
ic control unit 5 chooses electronic fuel injector for fuel
injection and the opening commands are sent to the elec-
tronic fuel injector 4, then it opens the internal solenoid
valve to start the electronic fuel injector 4. At the same
time, it can start all the electronic fuel injectors 4, any one
or more of them. But in order to ensure the injection pres-
sure of each electronic fuel injectors 4 and the stability
of the whole system, it is preferred to allow only one of
the electronic fuel injectors to start fuel injection operation
at any time.
[0040] After opening the solenoid valve of the electron-
ic fuel injector 4, the fuel pipe keeps high pressure state
and the electronic fuel injector begins to work. When clos-
ing the solenoid valve of the electronic fuel injector 4, the
fuel injection stops. So the above description is the whole
fuel injection process. During a working cycle in some
cylinder of the engine, by controlling the opening and
closing operation timing of the solenoid valves in the elec-
tronic unit pump and the corresponding electronic fuel
injector, the injection timing of the electronic fuel injector
and fuel injection duration can be controlled.
[0041] After the injection finished, electronic control
unit 5 makes the solenoid valve of the electronic fuel in-
jector 4 closed, and the solenoid valve 31 of the electronic
unit pump 3 opens, so that the high pressure fuel injection
pipe 6, electronic unit pump3 and low pressure fuel pipe
1 are connected and the high pressure fuel in the high
pressure injection pipe 6 flows back to the low pressure
fuel pipe1. When the high pressure injection pipe is in
high pressure, by open the solenoid valve 31 of the elec-

tronic unit pump 3, the pressure in the high pressure in-
jection pipe can be reduced.
[0042] The number of convex of cam profile of the fuel
supply cam is the same as that of the electronic control
injectors. As shown in FIG1, there are three electronic
control injectors, and correspondingly, the cam profile of
the fuel supply cam 2 has three convexes. The convex
of the cam profile has contact with the plunger of the
electronic unit pump 3 to drive the plunger to compress
the fuel in the plunger chamber. If the solenoid valve 31
of the electronic unit pump 3 is closed, high pressure is
established in the high pressure injection pipe. People
can enhance the speed ratio of the cam and crankshaft
to make one cam match multi-injectors. In fact, as for
four-stroke diesel engine, the ratio of the number of the
described electronic control injector and the number of
cam profile convex of the fuel supply cam is twice as the
speed ratio of camshaft and crankshaft, as for two-stroke
diesel engine, the ratio of the number of electronic control
injector and the number of cam profile convex of the fuel
supply cam is the same as the speed ratio of camshaft
and crankshaft. For example, as for four-stroke diesel
engine, when the speed ratio of cam and crankshaft is 1
to 1, one convex can match two injectors, when the speed
ratio of cam and crankshaft is 2 to 1, one convex can
match four injectors.
[0043] FIG 2 to FIG 4 are schematic diagrams of the
specific working process of the fuel injection system with
multiple valves. The difference between the fuel injection
system with multiple valves referring to FIG 2 to FIG 4
and the one referring to FIG1 includes: there are two
electronic control injectors: injector 41 and injector 42.
Correspondingly, the cam profile of the fuel supply cam
2 has two convexes: convex A and convex B.
[0044] As shown in FIG.2, electronic control unit 5 clos-
es the solenoid valve 31 of the electronic unit pump 3
and cut off the connection between the low pressure fuel
pipe 1 and the plunger chamber of the electronic unit
pump 3. Convex A of the cam profile of the fuel supply
cam 2 has contact with the plunger 30 of the electronic
unit pump 3 to make the plunger 30 move upward and
then compresses the fuel in the plunger chamber to gen-
erate high pressure fuel. Through high pressure fuel in-
jection pipe 6, the fuel is sent to electronic control injector
41 and 42. The electronic control unit 5 opens the sole-
noid valve of the electronic control injector 42, then the
injector 42 begins to work, and one fuel injection is com-
pleted.
[0045] With the rotating of the fuel supply cam 2, when
the convex B of the cam profile of the fuel supply cam 2
has contact with the plunger 30 of the electronic unit
pump 3, the plunger 30 is driven to move upward and
then compress the fuel in the plunger chamber to gen-
erate high pressure fuel. Through high pressure fuel in-
jection pipe 6, the fuel is sent to electronic control injector
41 and 42. The electronic control unit 5 opens the sole-
noid valve of the electronic control injector 41, then in-
jector 41 begins to work, and one fuel injection is com-
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pleted (referring to FIG3).
[0046] When the plunger moving upward in the plunger
chamber, multi-closing and multi-opening the solenoid
valve of electronic control injector can realize multi-injec-
tion for one electronic control injector in a single working
course. During the process of different convex driving
the plunger moving into the plunger chamber, by multi-
closing and multi-opening the solenoid valve 31 of elec-
tronic unit pump 3 and meanwhile opening and closing
the solenoid valve of at least one electronic control injec-
tor in turn, the in-turn fuel injection of multi-injector can
be realized in a single working course. Besides, by
changing the controlling sequence between the solenoid
valve 31 of electronic unit pump 3 and the solenoid valve
of the electronic control injector, the working sequence,
injection pressure and injection law (e.g. injection timing
and injection duration) of each electronic control injector
can be flexibly controlled.
[0047] When the plunger 30 goes down and the sole-
noid valve of the electronic unit pump3 is open, the low
pressure fuel pipe 1 has connection with the plunger
chamber of electronic unit pump 3 and begins to feed the
fuel in the plunger chamber (referring to FIG.4).
[0048] FIG.1 to 4 show that there can be several fuel
supply cams and electronic control injectors. It is worth
attention that the number of electronic control injector 4
and the number of convex of cam profile of the oil supply
cam 2 can be both the same and different.
[0049] FIG 5 is a flow chart of a preferred application
mode of the present invention. First, in the step S101,
fuel is inputted to the plunger hole of the electronic unit
pump through low pressure fuel pipe. Meanwhile, the so-
lenoid of the electronic unit pump is open, controlled by
the electronic control unit, wherein the low pressure fuel
pipe, plunger hole of the electronic unit pump and the
fuel injection pipe are connected. Then, in the step S102,
when the supply cam pushes the plunger upward and
the solenoid of the electronic is closed, cut off the con-
nection between the low pressure fuel pipe and the plung-
er hole of the electronic unit pump, wherein the plunger
is pushed by the supply cam to squeeze the fuel into high
pressure and the high pressure fuel is transmitted to elec-
tronic injector through injection pipe. In the previous step,
the plunger hole is inputted with fuel and the solenoid
valve between the low pressure fuel pipe and the elec-
tronic unit pump is closed, so as to form a confined space
with high pressure pipe. For the squeezing by the plung-
er, the volume of the confined space reduced to establish
high pressure for the fuel. In the step S103, according to
the combustion demand, timed open at least one of the
solenoid valve of the electronic control injector, complet-
ing one course of injection. The high pressure fuel is sent
to the electronic control injector by high pressure oil tube.
When fuel emission is needed, the electronic control unit
opens at least one solenoid valve of the electronic control
injector to complete the injection process. One cylinder
matches one electronic control injector. In a working cy-
cle of the cylinder, by controlling the opening and closing

sequence of the solenoid valves of the electronic control
injector and the electronic unit pump, the aim of multi-
emitting in one circulation of the electronic control injector
can be realized. In addition, whether the electronic con-
trol injector emits fuel or not in every cylinder is controlled
by electronic control unit, by controlling the opening and
closing sequence of the solenoid valve of electronic unit
pump and the electronic control injector, independent
control of the injection pressure, injection time and injec-
tion duration of every electronic control injector can be
achieved.
[0050] To avoid over-high pressure in injection pipe,
the solenoid valve of the electronic unit pump could be
over-voltage protected. When the oil pressure of the fuel
injection pipe exceeds the predefined-threshold, the so-
lenoid valve of the claimed electronic unit pump opens
and makes the fuel of the fuel injection pipe reflux into
oil tank to reduce the pressure of the injection pipe.
[0051] The present invention is described by referring
to diesel engine, illustrating the new method of fuel in-
jection system with multiple valves and the specific im-
plementation details. In fact, the present invention can
also applied to other liquid fuel engine, including but not
limiting the gasoline engine, oil engine, two DME engine,
etc.
[0052] To sum up, by adopting the mode of multi-noz-
zle and single-pump, the new multi-valve fuel injection
system can meet the need of large scale fuel injection
adjusting and quick regulating of the supply fuel perform-
ance in cycles. To further improve the liquid fuel engine
performance, it is of great significance to present the new
fuel injection system with multiple valves for practical ap-
plication.
[0053] Even though the invention has been described
on the basis of specific embodiments, numerous varia-
tions and alternative embodiments can be deduced by
the person skilled in the art, e.g. by combination and/or
exchange of features of individual embodiments. Accord-
ingly, it goes without saying for the person skilled in the
art that such variations and alternative embodiments are
also encompassed by the present invention, and the
scope of the invention is only restricted within the mean-
ing of the accompanying patent claims and the equiva-
lents thereof.

Claims

1. A system, comprising:

a fuel injection system with multiple valves;
an electronic unit pump disposed in the fuel in-
jection system with multiple valves, the electron-
ic unit pump operable to output high pressure
fuel;
a low-pressure fuel pipe disposed in the fuel in-
jection system with multiple valves, the low-
pressure fuel pipe operable to input fuel into
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plunger hole of the claimed electronic unit pump;
a supply cam disposed in the fuel injection sys-
tem with multiple valves, the supply cam oper-
able to generate high pressure fuel by pushing
the plunger of the claimed electronic unit pump;
at least two electronic injectors disposed in the
fuel injection system with multiple valves, the
electronic injectors operable to inject fuel;
high pressure fuel injection pipes operable to
connect the claimed electronic unit pump and
the claimed electronic injectors to transport the
high pressure fuel outputted by the claimed elec-
tronic unit pump to the claimed electronic injec-
tors;
electronic control unit operable to connect the
claimed electronic unit pump and the claimed
electronic injectors respectively to control the
opening and closing of the solenoid valve of the
claimed electronic unit pump and the claimed
electronic injector.

2. The system according to claim 1, wherein the
claimed low-pressure fuel pipe connects the claimed
electronic unit pump when the solenoid valve of the
claimed electronic unit pump is open, which is con-
trolled by the claimed electronic control unit; and
wherein the claimed low pressure fuel pipe transport
fuel into the plunger hole of the claimed electronic
unit pump when the plunger of the claimed electronic
unit pump moves out from the plunger hole,.

3. The system according to claim 1, wherein the
claimed supply cam is placed out of the plunger of
the claimed electronic unit pump, when the claimed
supply cam pushes the plunger of the claimed elec-
tronic unit pump into the plunger hole and the claimed
electronic control unit cuts off the connection be-
tween the claimed low pressure fuel pipe and the
plunger hole of the claimed electronic unit pump, the
fuel in the plunger hole and the high pressure fuel
injection pipe is squeezed to be in high pressure.

4. The system according to claim 1, wherein the
claimed electronic injector begins to inject fuel when
the solenoid valve of the claimed electronic unit
pump is open, which is controlled by the claimed
electronic control unit, and meanwhile the fuel in the
fuel injection pipe is in high pressure.

5. The system according to claim 1, wherein the ratio
of the number of electronic injectors to the number
of bulges is a multiple of the ratio of the cam speed
to the shaft speed.

6. The system according to claim 1, wherein the
claimed electronic control unit controls the time se-
quence of being open or closed of the solenoid valve
of the claimed electronic unit pump and of the

claimed electronic injector to regulate the working
sequence of the claimed electronic injectors, and the
injection pressure, the injection timing and the injec-
tion duration.

7. The system according to claim 1, wherein the sole-
noid valve of the claimed electronic unit pump opens
to make the fuel in the high pressure fuel injection
pipe reflux into the low pressure fuel pipe when the
oil pressure in the high pressure fuel injection pipe
exceeds the predefined-threshold.

8. A fuel injecting method under a fuel injection system
with multiple valves, wherein the fuel injection sys-
tem with multiple valves comprising:

an electronic unit pump disposed in the fuel in-
jection system with multiple valves, the electron-
ic unit pump operable to output high pressure
fuel;
a low-pressure fuel pipe disposed in the fuel in-
jection system with multiple valves, the low-
pressure fuel pipe operable to input fuel into
plunger hole of the claimed electronic unit pump;
a supply cam disposed in the fuel injection sys-
tem with multiple valves, the supply cam oper-
able to generate high pressure fuel by pushing
the plunger of the claimed electronic unit pump;
at least two electronic injectors disposed in the
fuel injection system with multiple valves, the
electronic injectors operable to inject fuel;
high pressure fuel injection pipes operable to
connect the claimed electronic unit pump and
the claimed electronic injectors to transport the
high pressure fuel outputted by the claimed elec-
tronic unit pump to the claimed electronic injec-
tors;
electronic control unit operable to connect the
claimed electronic unit pump and the claimed
electronic injectors respectively to control the
opening and closing of the solenoid valve of the
claimed electronic unit pump and the claimed
electronic injector;
wherein the claimed fuel injecting method has
the following steps:

Input fuel into the plunger hole of the elec-
tronic unit pump through low pressure fuel
pipe;
When the claimed supply cam pushes the
plunger of the claimed electronic unit pump
into the plunger hole and the control valve
of the electronic unit pump is turned off, the
connection between the claimed low pres-
sure fuel pipe and the plunger hole of the
electronic unit pump is cut off and the
claimed plunger is pushed by the claimed
cam so that the fuel is squeezed to high

9 10 



EP 2 778 385 A1

7

5

10

15

20

25

30

35

40

45

50

55

pressure, which could be transferred to
electronic injector through injection pipe;
According to combustion demand, at least
one solenoid valve of the claimed electronic
injector should be turned on in a timing way
to complete one injection process.

9. The method according to claim 8, wherein the
claimed low-pressure fuel pipe builds up connection
with the claimed electronic unit pump when the so-
lenoid valve of the claimed electronic unit pump is
open, which is controlled by the claimed electronic
control unit, and the claimed low pressure fuel pipe
transfers fuel into the plunger hole of the claimed
electronic unit pump when the plunger of the claimed
electronic unit pump moves out from the plunger
hole.

10. The method according to the claim 8, wherein the
solenoid valve of the claimed electronic unit pump
is opened by the claimed electronic control unit to
reduce the pressure in the high pressure fuel pipe
when the inside of the high pressure fuel pipe is in
high pressure.

11. The method according to claim 8, wherein the
claimed electronic injector begins to inject fuel when
the solenoid valve of the claimed electronic unit
pump is open under the control of the electronic con-
trol unit and meanwhile, the fuel in the fuel injection
pipe is in high pressure.

12. The method according to claim 8, wherein the
claimed electronic control unit controls the time se-
quence of being open or closed of the solenoid valve
of the claimed electronic unit pump and of the
claimed electronic injector to regulate the working
sequence of the claimed electronic injectors, and the
injection pressure, the injection timing and the injec-
tion duration.

13. The method according to claim 8, wherein the time
sequence of the solenoid valves of the electronic unit
pump and the different electronic injectors is control-
led to implement multiple fuel injections in one work-
ing cycle for a electronic injector when the supply
cam pushes the plunger of the claimed electronic
unit pump into the plunger hole.

14. The method according to claim 8, wherein the time
sequence of the solenoid valve of the electronic unit
pump and the different electronic injectors is control-
led to implement successive fuel injections in one
working cycle for multiple electronic injectors.

15. The method according to claim 8, wherein the sole-
noid valve of the claimed electronic unit pump opens
to make the fuel in the high pressure fuel pipe reflux

into the low pressure fuel pipe when the fuel pressure
in the high pressure fuel pipe exceeds the prede-
fined-threshold.
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