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(57) An engine fuel injection valve 20 comprises a

connector 3 with a cover 4, and data 5 concerning
the operating characteristics of the valve are carried
on the cover 4, to enable the information to be easily
read when the injector 20 is assembled into an
engine 6. The cover 4 may be located such that it is
at the top of the injector 20 and can be read by a
CCD camera 11 after the injector is installed in the
engine. The data may then be supplied to the ECU
which can modify the signal supplied in order to
achieve predetermined performance. The data 5
may be in the form of a barcode or two dimensional
code. The cover 4 may be temporary or permanent.
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2425571

FUEL INJECTION VALVE, ASSEMBLING METHOD THEREOF
AND CAP THEREOF

Description

This invention relates to an engine fuel injection valve, an assembling
method thereof and a cap thereof, and specifically relates to a top-return-type
engine fuel injection valve, and an assembling method thereof.

Recently, it has been demanded that high-pressurized fuel injection to an
engine and an increased degree of accuracy in the adjustment of a fuel injection
quantity in relation to a tight regulation of exhaust gas emissions from the engine.
When the high-pressurized fuel injection and the increased degree of accuracy of
the fuel injection quantity are performed, for example, a degree of accuracy in the
production of a component of a fuel injection system (e.g., a fuel injection pump or
an injector) needs to be increased. However, in order to increase the degree of the
accuracy in the production, an increase in a component cost is inevitable, and also
there is a limit in increasing the performance just by increasing the degree of the
accuracy in the production. Thus, it is difficult to achieve the demanded
high-pressure injection and the demanded highly accurate injection quantity even
when the degree of accuracy in the production of the component is increased. Also,
even when the degree of accuracy in the production of the components is increased,
there is a certain variation in the performance of the components. Therefore, in
terms of the emission control regulation, it is demanded to perform an optimum
operation of the component in relation to the variation in the performance.

It has been discussed that the performance of the component is corrected
and optimized by electrically controlling the component. In this case, a portion of the
component stores operating characteristic data, which includes inherent and

different operating characteristics to each component. A control device, such as an
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engine control unit (ECU), corrects the operating characteristics of the component
based on the stored operating characteristic data to achieve a predetermined
performance.

Japanese Unexamined Patent Publication No. 2000-501155 or Japanese
Unexamined Patent Publication No. 2002-352183 disclose a conventional
technique that stores the operating characteristic data on a fuel injection valve itself
in association with a fuel injection valve for a diesel engine. In a fuel injection valve
disclosed in Japanese Unexamined Patent Publication No. 2000-501155, a bar
code is directly provided on the fuel injection valve to store the operating
characteristic data of the fuel injection valve such that it is possible to read the
operating characteristic data as needed. Also, Japanese Unexamined Patent
Publication No. 2002-352183 discloses that a code, which stores the operating
characteristic data, is provided on a connector portion of a fuel injection valve. Also,
a difference between color tones of the code and the connector portion is set such
that readability of the code is improved.

However, in the fuel injection valve disclosed in Japanese Unexamined
Patent Publication No. 2000-501155, the bar code may be covered by an engine
head cover after the fuel injection valve is mounted (installed) on an engine when
the bar code is provided in a certain position. Then, recorded data in the bar code
may not be read after the fuel injection valve is mounted on the engine. Even when
the bar code may be provided in a certain position such that the bar code may not be
covered by the engine head cover, accessibility to the recorded data in the bar code
may not be very good because the bar code may be provided on a side face of the
fuel injection valve. Therefore, it is difficult to automatically read the recorded data.
In contrast, in the fuel injection valve disclosed in Japanese Unexamined Patent
Publication No. 2002-352183, it is difficult to have enough space for providing the

code on the connector portion when the code is provided on a top-return-type fuel
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injection valve. Here, the top-return-type fuel injection valve includes a return pipe
on an opposite end of the top-retum-type fuel injection valve, which is opposite from
an injection nozzle of an operated valve thereof.

The present invention is made in view of the above disadvantages. It is an
objective of the present invention to provide a method and a fuel injection valve,
which facilitate reading and automatic reading of the operating characteristic data of
the fuel injection valve after the fuel injection valve is mounted on the engine such
that an operation of the fuel injection valve is optimized.

To achieve the objective of the present invention, there is provided an
engine fuel injection valve, which includes an operated valve for controlling fuel
injection of the engine fuel injection valve, wherein the engine fuel injection valve
includes a casing, a connector and a cover. The casing includes the operated valve.
The connector is installed on an opposite end portion of the casing, which is
opposite from an injection nozzle of the operated valve. The cover is installed on the
connector and protects the connector. The cover carries information about the
engine fuel injection valve.

To achieve the objective of the present invention, there is also provided an
assembling method of an engine fuel injection valve, which includes an operated
valve for controlling fuel injection of the engine fuel injection valve, wherein the
assembling method includes an installing step and a reading step. The installing
step installs a cover, which carries information about the engine fuel injection valve,
on a connector of the engine fuel injection valve. The reading step reads the
information, which is carried by the cover.

To achieve the objective of the present invention, there is also provided a
cover arrangement of an engine fuel injection valve, which includes an operated
valve for controlling fuel injection of the engine fuel injection valve, wherein the

cover includes an information indicator. The information indicator carries
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information about the engine fuel injection valve.

The invention, together with additional objectives, features and advantages
thereof, will be best understood from the following description, the appended claims
and the accompanying drawings in which:

FIG. 1 is a schematic diagram of a top-return-type fuel injection valve for a
diesel engine according to a first embodiment of the present invention;

FIG. 2 is a top view of the fuel injection valve shown in FIG. 1 viewed from a
direction Ii;

FIG. 3 is a flowchart showing an assembling process of reading a code after
the fuel injection valve is mounted on an engine according to the first embodiment of
the present embodiment;

FIG. 4 is a schematic diagram for explaining the assembling process shown
in FIG. 3;

FIG. 5 is a side view of a side-return-type fuel injection valve for the diesel
engine according to a second embodiment of the present invention; and

FIG. 6 is a top view of the fuel injection valve shown in FIG. 5 viewed from a

direction VI.

(First Embodiment)

The first embodiment of a fuel injection valve and an assembling method
thereof will be described with reference to accompanying drawings.

As shown in FIG. 1, the fuel injection valve 20 in the first embodiment is a
top-return-type fuel injection valve used for a diesel engine. Here, the
top-return-type fuel injection valve includes a return pipe 2 on an opposite end of a
casing of the top-return-type fuel injection valve, which is opposite from an injection
nozzle of an operated valve thereof. The fuel injection valve 20 in the first

embodiment is mounted on an engine head 6 (shown in FIG. 4) of the diesel engine
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and injects fuel into a cylinder. The fuel injection valve 20 internally includes a
solenoid valve (not shown) and rapidly controls fuel injection (injecting fuel or
stopping injection of the fuel) by opening and closing the solenoid valve. The fuel
injection valve 20 in the present embodiment includes an injection casing 1, the
return pipe 2, a connector 3 and a cover 4. The injection casing 1 includes the
operated valve. The fuel injection valve 20 recovers leak fuel by use of the retum
pipe 2 mounted on a top portion of the fuel injection valve 20. The connector 3
supplies power to the solenoid valve, and the cover 4, which is mounted on the
connector 3, protects the connector 3. The cover 4 includes a code 5 (information
indicator), which is printed on the cover 4, for storing operating characteristics of the
fuel injection valve 20, such as manufacturing information thereof and injection
performance information thereof. Here, the code 5 may be a linear bar code or may
be a two-dimensional symbology, such as a quick response code (QR code). As
shown in FIG. 2, the code 5 is located on a certain place of the fuel injection valve 20
such that the code 5 can be easily recognized when seen from the above of the fuel
injection valve 20 (seen from direction Il in FIG. 1). The code 5 may be, for example,
well-known various information storage media, such as a bar code. It is preferable
that the cover 4 is removably (detachably) mounted on the connector 3.

As shown in FIG. 3, assembly of the fuel injection valve 20 with the engine is
started at step 0 (S0). Firstly at step 1 (S1), the fuel injection valve 20, which is an
assembled apparatus, is inserted into the engine head 6. Next at step 2 (S2), the
inserted fuel injection valve 20 is fixed to the engine head 6 by assembling a clamp
7 and an inlet pipe 8 (shown in FIG. 4). At this time, the inlet pipe 8 is connected with
a fuel supply nozzle of the fuel injection valve 20. Then at step 3 (S3), a head cover
9 is assembled from above of the fuel injection valve 20. The head cover 9 protects
the engine head 6 and the fuel injection valve 20 from an external force.

After the head cover 9 is assembled, the return pipe 2, the connector 3 and
-5-
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the cover 4 projects from the fuel injection valve 20 above the head cover 9. At step
4 (S4), the return pipe 2, which projects above the head cover 9, is connected with
an outlet pipe 10. After this assembly, at step 5 (S5) in this state, a charge coupled
device (CCD) camera 11 reads the code 5, which is printed on the cover 4. The read
data of the code 5 is transmitted to a control device, such as an engine control unit
(ECU). After the data of the code 5 is read, the cover 4 is removed from the
connector 3 at step 6 (S6). Then, at step 7 (S7), the connector 3 is connected with a
harness 12, which is connected with the ECU. At step 8, the assembly of the fuel
injection valve 20 with the engine head 6 is ended.

In the above assembly process, the cover 4 is removed from the connector
3 such that the connector 3 is easily connected with the harness 12. However, the
cover 4 may not be removed from the connector 3 when the connector 3 is
connected with the harness 12. Specifically, step 7 may be performed after step 5
by bypassing step 6. Therefore, the cover 4 may serve as a permanent cover for the
connector 3 of the fuel injection valve 20 and also may serve as a temporal cover,
which is eventually removed. The cover 4 may includes a groove in an inner
peripheral surface, into which a projection portion of the connector 3 is inserted such
that the assembly of the cover 4 with the connector 3 is facilitated.

(Second Embodiment)

As shown in FIGS. 5 and 6, a fuel injection valve in the second embodiment
is a side-return-type fuel injection valve for the diesel engine. Here, the
side-return-type fuel injection apparatus includes a return pipe on an outer
peripheral surface of a casing of the top-return-type fuel injection apparatus. FIGS.
5 and 6 correspond to FIGS. 1 and 2. Similar components of the fuel injection
apparatus of the second embodiment shown in FIGS. 5 and 6, which are similar to
the components of the fuel injection apparatus of the first embodiment shown in

FIGS. 1 and 2, will be indicated by the same numerals. The side-return-type fuel
-6-



10

15

20

25

injection valve 30 in the second embodiment includes an injection casing 13.
Similarly to the top-return-type fuel injection valve 20, a cover 15, which is printed
with a code 16, can be assembled with a connector 14 in the case of the
side-return-type fuel injection valve 30 in the second embodiment. Thus,
information, which is stored in the code 16, about operating characteristics of the
fuel injection valve 30 can be read. An assembling process of the fuel injection
valve 30 with the engine head 6 in the present embodiment is similar to that in the
first embodiment. Portions, which are not described above, are similar to the first
embodiment. Thus, the explanation thereof is omitted.

The following effects can be expected by the fuel injection valve and the
assembling method thereof in the first embodiment.

In the case of the top-return-type fuel injection valve, the code, which stores
the operating characteristics of the fuel injection valve, is provided on the separated
cover, and the cover is assembled with the connector in a position such that the
code can be read from above of the fuel injection valve. Thus, even after the fuel
injection valve is mounted on the engine, the reading of the code and the automatic
reading of the code are facilitated. Therefore, the operation of the fuel injection
valve may be adjusted to be optimized such that poliutants in the engine exhaust
gas may be minimized.

The following effects can be expected by the fuel injection valve and the
assembling method thereof in the second embodiment.

The similar effects, which are achieved by the top-return-type fuel injection
valve in the first embodiment, can be achieved by the side-return-type fuel injection
valve.

In the above description, the fuel injection valve and the assembling method
thereof in the present invention are used for the diesel engine. However, fuel

injection valve and the assembling method thereof may be used for other internal
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combustion engines except for the diesel engine, such as a gasoline engine.

In thé above description, the fuel injection valve includes the solenoid valve.
However, the solenoid valve may be other operated valves, such as a piezo
actuated valve.

Additional advantages and modifications will readily occur to those skilled in
the art. The invention in its broader terms is therefore not limited to the specific

details, representative apparatus, and illustrative examples shown and described.



Claims

1. An engine fuel injection valve, which includes an operated valve for
controlling fuel injection of the engine fuel injection valve, the engine fuel injection
valve comprising:

a casing (1, 13), which includes the operated valve;

a connector (3, 14) that is installed on an opposite end portion of the casing
(1, 13), which is opposite from an injection nozzle of the operated valve; and

a cover (4, 15) that is installed on the connector (3, 14) and protects the
connector (3, 14), wherein the cover (4, 15) carries information about the engine fuel

injection valve.

2. The engine fuel injection valve according to claim 1, wherein the cover (4,
15) includes an information indicator (5, 16), which carries the information about the

engine fuel injection valve.

3. The engine fuel injection valve according to claim 1 or 2, wherein the
information indicator (5, 16) of the cover (4, 15) is one of a linear bar code and a

two-dimensional symbology.

4. The engine fuel injection valve according to any one of claims 1 through 3,
wherein:

the connector (3, 14) includes a projecting portion; and

the cover (4, 15) includes a groove portion in an inner peripheral surface of
the cover (4, 15) such that the groove portion receives the projecting portion of the

connector (3, 14).



5. The engine fuel injection valve according to any one of claims 1 through 4,
further comprising a return pipe (2) that is installed on the opposite end portion of the

casing (1, 13), which is opposite from the injection nozzle of the operated valve.

6. The engine fuel injection valve according to any one of claims 1 through 5,
wherein the connector (3, 14) that is detachably installed on the opposite end

portion of the casing (1, 13).

7. The engine fuel injection valve according to any one of claims 1 through 6,
wherein the information, which is stored in the cover (4, 15), includes operating

characteristic data of the engine fuel injection valve.

8. The engine fuel injection valve according to claim 7, wherein the operating
characteristic data includes at least one of the followings:
manufacturing information; and

injection performance information.

9. An assembling method of an engine fuel injection valve (20, 30), which
includes an operated valve for controlling fuel injection of the engine fuel injection
valve (20, 30), the assembling method comprising:

installing a cover (4, 15), which carries information about the engine fuel
injection valve (20, 30), on a connector (3, 14) of the engine fuel injection valve (20,
30); and

reading the information, which is carried by the cover (4, 15).

10. The assembling method according to claim 9, wherein the cover (4, 15)

includes an information indicator (5, 16), which carries the information about the
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engine fuel injection valve (20, 30).

11. The assembling method according to claim 9 or 10, wherein the information
indicator (5, 16) of the cover (4, 15) is one of a linear bar code and a

two-dimensional symbology.

12. The assembling method according to any one of claims 9 through 11, further
comprising:
installing the engine fuel injection valve (20, 30) on an engine before the

reading of the information.

13. The assembling method according to any one of claims 9 through 12,
wherein the installing of the cover (4, 15) on the connector (3, 14) includes installing

the cover (4, 15) detachably on the connector (3, 14).

14. The assembling method according to claim 13, further comprising:
demounting the cover (4, 15) and connecting a harness (12), which is
connected to an engine control unit, with the connector (3, 14) after the reading of

the information.

15. The assembling method according to any one of claims 9 through 14,
wherein:

the engine fuel injection valve (20, 30) includes a return pipe (2) on an
opposite end portion of the engine fuel injection valve (20, 30), which is opposite

from an injection nozzle of the operated valve.

16. The assembling method according to any one of claims 9 through 15,
-11-



wherein: the information, which is stored in the cover (4, 15), includes operating

characteristic data of the engine fuel injection valve.

17. The assembling method according to claim 16, wherein the operating
characteristic data includes at least one of the followings:
manufacturing information; and

injection performance information.

18. A cover arrangement of an engine fuel injection valve (20, 30), which
includes an operated valve for controlling fuel injection of the engine fuel injection
valve (20, 30), the cover comprising:

an information indicator (5, 16) that carries information about the engine fuel

injection valve (20, 30).

19. The cover arrangement according to claim 18, wherein:
the information indicator (5, 16) of the cover (4, 15) is one of a linear bar

code and a two-dimensional symbology.

20. The cover arrangement according to claim 18 or 19, wherein:
the cover arrangement is detachably installed on a connector (3, 14) of the
engine fuel injection valve (20, 30) such that the cover arrangement protects the

connector (3, 14).
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21.  An engine fuel injection valve substantially as herein described with
reference to and as illustrated in the accompanying drawings.

22. An assembly method of an engine fuel injection valve, the assembly
method being substantially as herein described with reference to and as illustrated
in the accompanying drawings.

23. A cover arrangement of an engine fuel injection valve, the cover

arrangement being substantially as herein described with reference to and as
illustrated in the accompanying drawings.
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