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(54) Fuel injection valve

(57) A fuel injection valve (1) provided with a control
valve (8) which is displaced in order to control a pressure
within a pressure chamber (5) acting upon a jet hole
valve (4), an actuator (17) which generates an operation
force for displacing the control valve (8), and elastic sup-
port means (22) which elastically supports the control
valve in resistance to the operation force. The actuator
(17) can change the operation force by controlling a con-
trol amount, and the elastic support means (22) is dis-
placed along with the control valve (8) in accordance
with increase of the operation force. When the control
valve (8) is displaced to a chosen intermediate position
it abuts with an abutting member (23). This abutting
member (23) is pushed by a set pushing force, gener-
ated by a elastic member (24) which is separate from
the elastic support means (23), which acts in the oppo-
site direction to the operation force prior to the displace-
ment of the abutting member (23). By structuring the fuel
injection valve (1) in this way, it is possible to accurately
control the control valve (8) such that it has the chosen
intermediate displacement.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a fuel injection valve.

2. Description of Related Art

[0002] A fuel injection valve is used to supply fuel to
an internal combustion engine, or the like. Generally, the
fuel injection valve is provided with a jet hole valve which
can move in an axial direction within the fuel injection
valve. This jet hole valve has an end portion for opening
and closing the jet hole, and a base portion positioned
on the opposite side to the end portion. When the valve
is closed, a high fuel pressure within a pressure cham-
ber is applied to the base portion.
[0003] When opening the jet hole using the jet hole
valve, first, the fuel pressure within the pressure cham-
ber is reduced. As a result, in contrast to the high fuel
pressure which is still applied to the end portion of the
jet hole valve, the pressure applied to the base portion
of the jet hole valve falls. Due to this pressure difference,
the jet hole valve is energized in an opening direction
resisting a closing spring which energizes the jet hole
valve in a closing direction. Thus, the jet hold valve is
moved in the opening direction and the jet hole is
opened.
[0004] When closing the jet hole using the jet hole
valve, first, the fuel pressure within the pressure cham-
ber is raised. When the pressure difference of the re-
spective fuel pressures applied to the end portion and
the base portion of the jet hole valve is eliminated, the
jet hole valve is moved in a closing direction by the clos-
ing spring, and the jet hole is closed.
[0005] In a normal fuel injection valve, a control valve
is necessary to control the fuel pressure within the pres-
sure chamber in order to open and close the jet hole
valve as described above. The control valve disclosed
in USP 5779149 is operated by an electrostrictive actu-
ator. In this related art, the control valve is not operated
directly by extension of the electrostrictive actuator. In-
stead, a fluid chamber is interposed between a large di-
ameter piston disposed on the electrostrictive actuator
side and a small diameter piston disposed on the control
valve side. An extension amount of the electrostrictive
actuator is converted in the fluid chamber into a pushing
force which acts as an operation force. This pushing
force is then transmitted to the control valve.
[0006] It should be noted that if this type of fuel injec-
tion valve is modified when used in a diesel engine such
that a lift speed of the jet hole valve is varied so as to
have at least two steps. By doing so, it is possible to
change the injection rate when injecting fuel, and thus
it is possible to achieve appropriate fuel injections in ac-
cordance with driving condition. When opening the jet

hole valve, this can be achieved if the pressure within
the pressure chamber is reduced in two steps. In order
to reduce the pressure of the pressure chamber in this
way, it is necessary to devise changes to the fuel outflow
passage from the pressure chamber, and control the
displacement of the control valve such that there is a
displacement when the valve is closed, and two-
stepped displacement when the valve is opened. In oth-
er words, the control valve must be controlled such that
there are three-stepped displacements.
[0007] Related art disclosed up until now has shown
that displacing a control valve in two-stepped displace-
ments between zero and maximum displacements is
easily achieved, by respectively abutting the control
valve against two facing seat portions. Accordingly, if
modification were conducted such that the control valve
could be maintained at an intermediate displacement at
which the control valve did not abut with either of the
seat portions, three-stepped displacements could be re-
alized.
[0008] An electrostrictive actuator or magnetic actua-
tor can change an operation force by changing a control
amount. However, the generated operation force is eas-
ily changed depending on temperature conditions and
the like. As a result, it is not possible to accurately exe-
cute control such that the control valve has an interme-
diate displacement, by using control of the control
amount of the actuator alone.

SUMMARY OF THE INVENTION

[0009] Accordingly, it is an object of the invention to
provide a fuel injection valve which can accurately con-
trol a control valve to have a chosen intermediate dis-
placement.
[0010] According to an exemplary embodiment of the
invention a fuel injection valve is provided which in-
cludes a control valve, an actuator and elastic support
means. In this fuel injection valve, the control valve is
displaced in order to control a pressure within a pressure
chamber acting upon a jet hole valve, the actuator gen-
erates an operation force for displacing the control
valve, and the elastic support means elastically sup-
ports the control valve in resistance to the operation
force. Furthermore, the actuator is capable of changing
the operation force by controlling a control amount, and
the elastic support means is displaced along with the
control valve in accordance with increase of the opera-
tion force. Moreover, the control valve abuts with an
abutting member when the control valve is displaced to
a chosen intermediate displacement. The abutting
member is pushed by a set pushing force generated by
a elastic member separate from the elastic support
means, this pushing force acting in the opposite direc-
tion to the operation force prior to the displacement of
the abutting member.
[0011] According to a further embodiment of the in-
vention, in the fuel injection valve, the actuator is pref-
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erably an electrostrictive actuator. Furthermore, a fluid
chamber for converting an extension amount of the elec-
trostrictive actuator into a pushing force which acts as
the operation force is preferably provided between the
control valve and the electrostrictive actuator. In addi-
tion, the fluid chamber and a high pressure fuel passage
of the fuel injection valve are preferably communicated
by a communication passage and a check valve which
only permits flow of fuel toward the fluid chamber is pref-
erably disposed in the communication passage.
[0012] According to a further embodiment of the in-
vention, in the fuel injection valve, a pin member is pref-
erably inserted in the communication passage, and high
pressure fuel within the high pressure fuel passage,
which has reduced pressure due to passing around the
pin member, is preferably supplied to the fluid chamber.
Furthermore, a groove is preferably formed so as to ex-
tend around a circumference of the pin member in a cir-
cumferential direction.
[0013] According to a further embodiment of the in-
vention, in the fuel injection valve, a first fluid chamber
and a second fluid chamber which mutually face each
other are preferably provided. Furthermore, the actuator
is preferably the electrostrictive actuator, and the sec-
ond fluid chamber is preferably disposed between the
electrostrictive actuator, for converting the extension
amount of the electrostrictive actuator into the pushing
force which acts as the operation force, and the control
valve. Moreover, the fluid pressure within the first fluid
chamber and the second fluid chamber are preferably
equal when the extension amount of the electrostrictive
actuator is zero.
[0014] According to a further embodiment of the in-
vention, in the fuel injection valve, high pressure fuel
from a high pressure fuel passage of the fuel injection
valve is preferably supplied to the first fluid chamber and
the second fluid chamber, once the pressure of the high
pressure fuel has been reduced.
[0015] According to a further embodiment of the in-
vention, in the fuel injection valve, the high pressure fuel
from the high pressure fuel passage of the fuel injection
valve is preferably supplied to the first fluid chamber and
the second fluid chamber.
[0016] According to a further embodiment of the in-
vention, in the fuel injection valve, a pressure receiving
area in the control valve within the first fluid chamber
which receives pressure directly or indirectly is set to
equal a pressure receiving area in the control valve with-
in the second fluid chamber which receives pressure di-
rectly or indirectly.
[0017] According to a further embodiment of the in-
vention, in the fuel injection valve, the first fluid chamber
and the second fluid chamber which mutually face each
other are preferably provided. Furthermore, the actuator
is preferably the electrostrictive actuator, and the sec-
ond fluid chamber is preferably disposed between the
electrostrictive actuator for converting the extension
amount of the electrostrictive actuator into the pushing

force which acts as the operation force and the control
valve. In addition, a fluid pressure within the first fluid
chamber is preferably maintained at an almost constant
pressure which exerts substantially no impact on move-
ment of the control valve and which is set to be equal to
or less than a fluid pressure within the second fluid
chamber.
[0018] According to a further embodiment of the in-
vention, it is preferable that low pressure fluid is supplied
to the first fluid chamber from a low pressure fluid pas-
sage of the fuel injection valve.
[0019] According to a further embodiment of the in-
vention, in the fuel injection valve, the pressure receiv-
ing area in the control valve within the second fluid
chamber which receives pressure directly or indirectly
is set to be larger than the pressure receiving area in
the control valve within the first fluid chamber which re-
ceives pressure directly or indirectly.
[0020] The fuel injection valve according to the inven-
tion is provided with the control valve which is displaced
in order to control a pressure within the pressure cham-
ber acting upon the jet hole valve, the actuator which
generates the operation force for displacing the control
valve, and the elastic support means which elastically
supports the control valve in resistance to the operation
force. The actuator can change the operation force by
controlling the control amount, and the elastic support
means is displaced along with the control valve in ac-
cordance with increase of the operation force. When the
control valve is displaced to a chosen intermediate po-
sition it abuts with the abutting member. This abutting
member is pushed by the set pushing force, generated
by the elastic member which is separate from the elastic
support means, which acts in the opposite direction to
the operation force prior to the displacement of the abut-
ting member.
[0021] As a result, in order to further displace the con-
trol valve from the intermediate displacement it is nec-
essary to offset the pushing force acting upon the abut-
ting member due to the elastic member, thus also dis-
placing the abutting member. In other words, until this
pushing force is offset, even if the operation force is
changed, the control valve, along with the abutting
member, is not displaced from the intermediate dis-
placement. This means that it is possible to accurately
set the control valve to a chosen intermediate displace-
ment, by setting the operation force of the actuator such
that it is within a range between an operation force that
abuts the control valve with the abutting member and
an operation force that offsets the aforementioned push-
ing force. Even if the actual operation force of the actu-
ator varies slightly with respect to the control amount, it
is easy to set the operation force within the aforemen-
tioned range. By doing so, it is possible to reliably control
the control valve to a chosen intermediate displacement
by controlling the control amount of the actuator.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other objects, features, advan-
tages, technical and industrial significances of this in-
vention will be better understood by reading the follow-
ing detailed description of preferred embodiments of the
invention, when considered in connection with the ac-
companying drawings in which:

FIG. 1 is a cross sectional view of a fuel injection
valve according to a first embodiment of the inven-
tion;
FIG. 2 is a figure which explains an operation of a
control valve and a jet hole valve of the fuel injection
valve according to the first embodiment of the in-
vention, with (A) showing the control valve when it
has a zero displacement, (B) showing the control
valve when it has an intermediate displacement,
and (C) showing the control valve when it has a
maximum displacement;
FIG. 3 is a graph showing a relationship between a
pushing force acting as an operation force of the
fuel injection valve and the displacement of the con-
trol valve, according to the first embodiment of the
invention;
FIG. 4 is a cross sectional view showing a fuel in-
jection valve according to a second embodiment of
the invention;
FIG. 5 is a cross sectional view showing a fuel in-
jection valve according to a third embodiment of the
invention;
FIG. 6 is a time chart showing one fuel injection
method of the fuel injection valve according to each
embodiment of the invention;
FIG. 7 is a time chart showing another fuel injection
method of the fuel injection valve according to each
embodiment of the invention;
FIG. 8 is a time chart showing another fuel injection
method of the fuel injection valve according to each
embodiment of the invention;
FIG. 9 is a time chart showing yet another fuel in-
jection method of the fuel injection valve according
to each embodiment of the invention; and
FIG. 10 is a time chart showing yet another fuel in-
jection method of the fuel injection valve according
to each embodiment of the invention.

DETAILED DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

[0023] In the following description and the accompa-
nying drawings, the invention will be described in more
detail in terms of exemplary embodiments.

(Embodiment One)

[0024] FIG. 1 shows a cross sectional view showing
a fuel injection valve according to a first embodiment.

This fuel injection valve directly injects fuel into the cyl-
inders of, for example, a diesel engine or an in-cylinder
injection type spark ignition internal combustion engine,
by injecting high pressure fuel which is pressurized in
an accumulator shared by each cylinder. Of course, this
fuel injection valve is not limited to use with such cylin-
ders, but could be used for executing fuel injection into,
for example, an intake port. Reference numeral 1 indi-
cates the body of the fuel injection valve. This body is
divided into five portions along a central axis such that
a plurality of fuel channels, and the like, within the body
can be machined.
[0025] A first body portion 1a is located closest to a
tip of the fuel injection valve 1. A jet hole 2 is formed at
the tip of the first body portion 1a. In addition, a portion
of a high pressure fuel passage 3 leading to the jet hole
2 is also formed in the first body portion 1a. Furthermore,
a pressure chamber 5 which abuts with the base portion
of the jet hole 4 for opening and closing the jet hole 2 is
also formed. The jet hole valve 4 is such that it can close
the high pressure fuel passage 3 at the side of the jet
hole 2 upstream of the end portion. A valve closing
spring 6 which energizes the jet hole valve 4 in a closing
direction is disposed within the pressure chamber 5. As
a result, when a fuel pressure within the pressure cham-
ber 5 becomes equal to a fuel pressure within the high
pressure fuel passage 3, the jet hole valve 4 is closed
by energizing force of the valve closing spring 6. Accord-
ingly, communication of the jet hole 2 and the high pres-
sure fuel passage 3 is blocked and thus fuel injection is
stopped.
[0026] Next, in a second body portion 1b located to-
ward the tip of the fuel injection valve 1, another portion
of the high pressure fuel passage 3 and a first fluid
chamber 7 are formed. Following this, in a third body
portion 1c located toward the tip of the fuel injection
valve 1, a further portion of the high pressure fuel pas-
sage 3, and a sliding hole 9 of a control valve 8 which
is formed coaxially and which communicates with the
first fluid chamber 7, are formed. Next, in a fourth body
portion 1d located toward the tip of the fuel injection
valve 1, another portion of the high pressure fuel pas-
sage 3, a control chamber 10 formed coaxially which
communicates with the sliding hole 9, and a portion of
a low pressure fuel passage 11 communicating with the
control chamber 10, are formed. In addition, a sliding
hole 13 of a small diameter piston 12 formed coaxially
and communicating with the control chamber 10 is also
formed.
[0027] A fifth body portion 1e is located at the end of
the fuel injection valve 1 nearest to the base end. A fur-
ther portion of the high pressure fuel passage 3, a por-
tion of the low pressure fuel passage 11, and a sliding
hole 15 of a large diameter piston 14 formed so as to
communicate with the sliding hole 13 of the small diam-
eter piston 12 are formed in the fifth body portion 1e. A
portion of the sliding hole 15 of the large diameter piston
14 and a portion of the sliding hole 13 of the small di-
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ameter piston 12 form a second fluid chamber 16 which
is filled by fuel and interposed between the large diam-
eter piston 14 and the small diameter piston 12. An elec-
trostrictive actuator 17 is disposed so as to abut with the
base side of the large diameter piston 14. A disc spring
18 which energizes the large diameter piston 14 toward
the electrostrictive actuator 17 side is disposed in the
second fluid chamber 16.
[0028] The high pressure fuel passage 3 within the
fifth body portion 1e has a port leading to the outside of
the fuel injection valve which is connected, for example,
to an accumulator, not shown, shared by the fuel injec-
tion valves of all the cylinders. High pressure fuel within
the accumulator is pressurized by a high pressure pump
and supplied to the fuel injection valve 1. On the other
hand, the low pressure fuel passage 11 also has a port
leading to the outside of the fuel injection valve which is
connected, for example, to an atmospheric pressure
portion of a fuel tank, or the like. A fuel pressure within
the low pressure fuel passage 11 is equal to atmospher-
ic pressure. These five body portions 1a, 1b, 1c, 1d and
1e are mutually connected by a case 19 so as to be oil
tight.
[0029] The center of the control valve 8 disposed with-
in the control chamber 10 is configured from a tip side
valve 8a and a base portion side valve 8b whose diam-
eters become gradually smaller toward the tip side and
base portion side of the fuel injection valve 1, respec-
tively. A valve cylinder 20 which forms a seat portion of
this base portion side valve 8b is disposed in the control
chamber 10. Furthermore, an adjustment ring 21 which
abuts with this valve cylinder 20 is also provided. As
shown in FIG. 1, as a result of the base portion side valve
8b of the control valve 8 abutting with the valve cylinder
20, the communication of the control chamber 10 and
the low pressure fuel passage 11 is blocked. The control
valve 8 is such that it slides within a through hole of the
valve cylinder 20 using an expansion sliding portion.
Notches are formed in the axial direction of this expan-
sion sliding portion. When the base portion side valve
8b of the control valve 8 separates from the valve cylin-
der 20, the inside of the control chamber 10 and the low
pressure fuel passage 11 are communicated via these
notches.
[0030] On the other hand, the tip side valve 8a of the
control valve 8 abuts with a seat portion of the sliding
hole 9 of the control valve 8 formed in the third body
portion 1c, such that communication of the sliding hole
9 and the control chamber 10 can be blocked. The con-
trol valve 8 has the expansion sliding portion for sliding
within the valve cylinder 20, and also another expansion
sliding portion. Thus, the control valve 8 slides coaxially
within the valve cylinder 20 and the sliding hole 9. The
control valve 8 has a tip portion 8c which protrudes to-
ward the inside of the first fluid chamber 7 formed in the
second body portion 1b, and a shoulder portion 8d. The
control valve 8 is energized toward the electrostrictive
actuator 17 side by pushing force from a first spring 22

(also referred to as elastic support means 22) via the tip
portion 8c.
[0031] Furthermore, in the first fluid chamber 7, an
abutting member 23 is disposed which surrounds the
shoulder portion 8d and has a through hole which the
tip portion 8c of the control valve 8 passes through. This
abutting member 23 has a first abutting surface 23a
which surrounds the through hole and which is abutted
by the shoulder portion 8d of the control valve 8 due to
displacement of the control valve 8. In addition, the abut-
ting member 23 has a second abutting surface 23b
which abuts with an inner wall of the first fluid chamber
7 on the electrostrictive actuator 17 side by pushing
force of a second spring 24.
[0032] The second fluid chamber 16 and the high
pressure fuel passage 3 are communicated by a com-
municating passage 25. A check valve 26 which only
permits fuel flow toward the second fluid chamber 16 is
disposed in this communicating passage 25. In addition,
a pin member 27 is inserted in the communicating pas-
sage 25. When high pressure fuel within the high pres-
sure fuel passage 3 passes around the pin member 27,
the pressure of the fuel decreases. In addition, the pres-
sure falls still further due to an orifice 28 disposed in the
communicating passage 25. The fuel is then supplied to
the second fluid chamber 16. Furthermore, fuel which
has had its pressure reduced in this way is also supplied
to the first fluid chamber 7 by a branched passage 29.
[0033] A groove 27a which extends in a circumferen-
tial direction is formed around the circumference of the
pin member 27. As a result, even if minute foreign mat-
ter, and the like, is mixed within the pressurized fuel sup-
plied to the high pressure fuel passage 3 from the ac-
cumulator, this foreign matter is collected in the groove
27a when the pressurized fuel passes around the pin
member 27 in the communicating passage 25. As a re-
sult, foreign matter does not flow into the first fluid cham-
ber 7 and the second fluid chamber 16, and the opera-
tions of the abutting member 23 in the first fluid chamber
7, and the small diameter piston 12 and large diameter
piston 14 in the second fluid chamber 16, are not hin-
dered by foreign matter.
[0034] The communicating passage 25 which de-
creases the pressure of the pressurized fuel from the
high pressure fuel passage 3 and supplies it to the first
fluid chamber 7 and the second fluid chamber 16, is con-
nected to the low pressure fuel passage 11 via an orifice
30. Depending on a fuel amount flowing to the low pres-
sure fuel passage 11 via the orifice 30, the pressure of
fuel supplied to the first fluid chamber 7 and the second
fluid chamber 16 is maintained at a set pressure which
is equal to or above atmospheric pressure. The low
pressure fuel passage 11 supplies low pressure fuel for
lubrication to the circumference of a sliding O-ring 31 of
the large diameter piston 14.
[0035] FIG. 2 shows cross sections of the area around
the control valve 8, in order to explain a displacement
control of the control valve 8 in the fuel injection valve.
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FIG. 2 (A) shows, like FIG. 1, the fuel injection valve
when the control valve 8 has a zero displacement. At
this time, voltage is not applied to the electrostrictive ac-
tuator 17 and thus its extension amount is zero. As a
result, the fuel pressure within the second fluid chamber
16 is the fuel pressure of the fuel supplied from the com-
municating passage 25 and is equal to the fuel pressure
within the first fluid chamber 7. Furthermore, a pressure
receiving area in the control valve 8 within the second
fluid chamber 16 which indirectly receives pressure via
the small diameter piston 12, namely, the area of the
small diameter piston 12 on the second fluid chamber
16 side, and the pressure receiving area in the control
valve 8 within the first fluid chamber 7 which directly re-
ceives pressure, namely, the cross sectional area of the
expansion sliding portion of the control valve 8 with re-
spect to the sliding hole 9 of the third body portion 1c,
are equal. Accordingly, at this time, the mutually oppos-
ing pushing forces received by the control valve 8 from
the fuel within the first fluid chamber 7 and the fuel within
the second fluid chamber 16 become equal.
[0036] When the control valve 8 is displaced to the
electrostrictive actuator 17 side by pushing force of the
first spring 22 disposed within the first fluid chamber 7,
the base portion side valve 8b abuts with the valve cyl-
inder 20 and thus communication of the control chamber
10 and the low pressure fuel passage 11 is blocked. At
this time as well, the first spring 22 is displaced and com-
pressed such that a first set pushing force is applied to
the control valve 8 by the first spring 22. The high pres-
sure fuel passage 3 is communicated with both the con-
trol chamber 10 via an orifice 32 and the pressure cham-
ber 5 via an orifice 33.
[0037] In this way, the communication of the control
chamber 10 and the low pressure fuel passage 11 is
blocked, and the fuel pressure within the control cham-
ber 10 and the pressure chamber 5 becomes the high
fuel pressure within the high pressure fuel passage 3,
as indicated by the check shading. Normally, the high
fuel pressure within the high pressure fuel passage 3 is
applied to the tip side of the jet hole valve 4. However,
when the fuel pressure within the pressure chamber 5
becomes this high fuel pressure, the pushing forces ap-
plied to the tip side and the base portion side of the jet
hole valve 4 become mutually equal. The jet hole valve
4 is closed by the valve closing spring 6 disposed within
the pressure chamber 5, and there is no injection of fuel
from the high pressure fuel passage 3 via the jet hole 2.
[0038] The pressure chamber 5 is communicated with
the control chamber 10 via an orifice 34, and the sliding
hole 9 via an orifice 35. When the control valve 8 has a
zero displacement, the sliding hole 9 and the control
chamber 10 are communicated. At this time, the fuel
pressure within the sliding hole 9 also becomes the high
fuel pressure within the high pressure fuel passage 3,
as indicated by the check shading.
[0039] When voltage is applied to the electrostrictive
actuator 17 it is extended. Thus, the fuel pressure within

the second fluid chamber 16 increases, and the control
valve 8 is displaced while resisting the pushing force
from the first spring 22. If the applied voltage is raised,
the control valve 8 is further displaced, and the shoulder
portion 8d of the control valve 8 abuts with the first abut-
ting surface 23a of the abutting member 23, as shown
in FIG. 2 (B).
[0040] At this time, the second spring 24 is displaced
and compressed such that a second set pushing force
is applied to the abutting member 23 by the second
spring 24. In order to further displace the control valve
8, it becomes necessary to displace the abutting mem-
ber 23 in resistance to the pushing force from the second
spring 24. As a result, the applied voltage is raised fur-
ther which increases the fuel pressure within the second
fluid chamber 16 even more. However, even if the push-
ing force applied to the control valve 8 via the second
fluid chamber 16 is increased, until this pushing force
offsets the second set pushing force of the abutting
member 23, the abutting member 23 is not displaced,
and, accordingly, the control valve 8 is also not dis-
placed.
[0041] At this time, the control valve 8 is maintained
at the intermediate displacement, at which the base por-
tion side valve 8b of the control valve 8 is separated from
the valve cylinder 20. Thus the control chamber 10 and
the low pressure fuel passage 11 are communicated and
the tip side valve 8a of the control valve 8 does not block
the sliding hole 9. In this way, the fuel pressure within
the control chamber 10 is reduced to the atmospheric
pressure within the low pressure fuel passage 11. At this
time, some of the high pressure fuel outflows to the con-
trol chamber 10 via the orifice 34, and as well as this,
some of the high pressure fuel outflows to the control
chamber 10 from the sliding hole 9 via the orifice 35. On
the other hand, some of the high pressure fuel from the
high pressure fuel passage 3 outflows to the pressure
chamber 5 via the orifice 33. When a total fuel outflow
amount is greater than a total fuel inflow amount, the
fuel pressure within the pressure chamber 5 is within the
dotted area indicated in the figure, decreases at a speed
in accordance with the difference between the total fuel
outflow amount and the total fuel inflow amount, namely,
the relative fuel outflow amount.
[0042] In this manner, the fuel pressure within the
pressure chamber 5 is reduced to a predetermined pres-
sure, and the jet hole valve 4 begins to open when a
total valve closing direction pushing force (including the
pushing force generated by the valve closing spring 6)
of the jet hole valve 4 becomes a fraction smaller than
a total valve opening direction pushing force. As a result,
the high pressure fuel within the high pressure fuel pas-
sage 3 is injected via the jet hole 2. Since the volumetric
capacity of the pressure chamber 5 decreases along
with the opening of the jet hole valve 4, in order to open
the jet hole valve 4 still further it is necessary for relative
outflow of fuel to be executed such that the fuel pressure
within the pressure chamber 5 is, at the least, main-
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tained at the predetermined pressure. (Strictly speak-
ing, since the pressure receiving area which receives
high pressure at the tip side of the jet hole valve 4 at the
time of valve opening is enlarged, it is possible to main-
tain the valve in an open position even if the fuel pres-
sure within the pressure chamber 5 is higher than the
predetermined pressure, by increasing the opening di-
rection pushing force.) In this way, a valve opening
speed of the jet hole valve 4 increases as the relative
fuel outflow increases.
[0043] When the voltage applied to the electrostrictive
actuator 17 is increased still further, the pressure within
the second fluid chamber 16 increases more. Accord-
ingly, the second set pushing force generated by the
second spring 24 of the abutting member 23 is offset,
and the control valve 8 begins to be displaced along with
the abutting member 23. The control valve 8 reaches
the maximum displacement when the control valve 8 is
displaced still further and the tip side valve 8a abuts with
the sliding hole 9, as shown by FIG. 2 (C).
[0044] At this time, the control chamber 10 is commu-
nicated with the low pressure fuel passage 11 by the
control valve 8. However, the communication of the slid-
ing hole 9 and the control chamber 10 by the tip side
valve 8a is blocked, or in other words, as compared to
the intermediate displacement of the control valve 8
shown in FIG. 2 (B), the outflow of some of the high pres-
sure fuel within the pressure chamber 5 to the control
chamber 10 from the sliding hole 9 via the orifice 35 does
not occur.
[0045] Furthermore, at this time, the total fuel outflow
amount is greater than the total fuel inflow amount and
the fuel pressure within the pressure chamber 5 de-
creases within the indicated dotted area. As described
previously, when the fuel pressure within the pressure
chamber 5 decreases to the predetermined pressure,
the jet hole valve 4 begins to open. However, as com-
pared to the intermediate displacement of the control
valve 8, the valve opening speed of the jet hole valve 4
is slow since the relative fuel outflow amount from the
pressure chamber 5 is smaller. In addition, the time tak-
en for the fuel pressure within the pressure chamber 5
to reduce to the predetermined pressure is longer.
[0046] FIG. 3 is a graph showing a relationship be-
tween a pushing force from the electrostrictive actuator
17 acting via the second fluid chamber 16 and the dis-
placement of the control valve 8, in the fuel injection
valve. A summary of the previous explanation will be giv-
en using this graph. When no voltage is applied to the
electrostrictive actuator 17 the control valve 8 is main-
tained at the zero displacement at which the base por-
tion side valve 8b abuts with the valve cylinder 20, due
to the first set pushing force generated by the first spring
22. At this time, the jet hole valve 4 is closed.
[0047] When the voltage applied to the electrostrictive
actuator 17 is gradually increased, the pushing force
acting via the second fluid chamber 16 gradually in-
creases. When the first set pushing force generated by

the first spring 22 is offset, the control valve 8 is dis-
placed along with the first spring 22 elastically support-
ing the control valve 8 in resistance to the pushing force
via the second fluid chamber 16. Accordingly, the dis-
placement gradually increases.
[0048] When the pushing force is increased to P1, the
control valve 8 abuts with the abutting member 23, and
the control valve 8 is at the intermediate displacement.
Following this, as the pushing force is raised up until P2,
the second set pushing force generated by the second
spring 24 prior to the displacement of the abutting mem-
ber 23 is not offset, and thus the control valve 8, along
with the abutting member 23, is not displaced. Accord-
ingly, the control valve 8 is maintained at the intermedi-
ate displacement.
[0049] When the pushing force becomes P2 and the
second set pushing force generated by the second
spring 24 is offset, the control valve 8 begins to be dis-
placed along with the abutting member 23. At this time,
the first spring 22, and at the same, the second spring
24 energizing the abutting member 23, must be dis-
placed, and thus the increase in the displacement ac-
companying the increase in the pushing force is slow,
as compared to that prior to the intermediate displace-
ment being reached.
[0050] When the pushing force becomes P3, the tip
side valve 8a of the control valve 8 abuts with the sliding
hole 9 and thus the control valve 8 reaches the maxi-
mum displacement. Even if the pushing force is raised
still more, no further displacement occurs. In this man-
ner, in this fuel injection valve, the control valve 8 reliably
has a zero displacement when no voltage is applied to
the electrostrictive actuator 17. Moreover, when voltage
is applied to the electrostrictive actuator 17 via the sec-
ond fluid chamber 16 such that the pushing force be-
comes equal to or more than P3, the control valve 8 re-
liably has the maximum displacement. Furthermore,
when voltage is applied to the electrostrictive actuator
17 via the second fluid chamber 16 such that pushing
force is within the range from P1 to P2, the control valve
8 reliably has a chosen intermediate position. As a re-
sult, when the voltage applied to the electrostrictive ac-
tuator 17 is such that the pushing force generated by
the electrostrictive actuator 17 has, on average, a value
between P1 and P2 (preferably, when (P1 + P2) / 2),
even if the actual pushing force varies slightly due to
various factors, it is possible for the control valve 8 to
reliably maintain the chosen intermediate displacement
as long as the pushing force does not drop below P1 or
rise above P2.
[0051] In this fuel injection valve, the second fluid
chamber 16 is formed between the large diameter piston
14 on the electrostrictive actuator 17 side and the small
diameter piston 12 on the control valve 8 side. As a re-
sult, it is possible to substantially increase the pressure
within the second fluid chamber 16 using a very small
extension amount of the electrostrictive actuator 17. The
fuel injection valve utilizes the electrostrictive actuator
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17 for the operation of the control valve 8. However, oth-
er actuators may be used which can change the opera-
tion force for the control valve using control of a control
amount such as voltage, so as to combine the electros-
trictive actuator and the fluid chamber. For example, a
solenoid actuator can be used for operation of the con-
trol valve. This solenoid actuator can directly generate
an operation force for the control valve such as a mag-
netic attraction force or a magnetic repulsion force, by
controlling a control amount, that is, voltage. As a result,
it is also possible to omit usage of a second fluid cham-
ber.
[0052] It should be noted that when the control valve
8 is displaced from the maximum displacement to the
zero displacement, in particular, the volumetric capacity
of the second fluid chamber 16 increases rapidly and
thus pressure suddenly decreases, due to the disc
spring 18. At this time, fuel having pressure higher than
atmospheric pressure inflows to the second fluid cham-
ber 16 via the check valve 26. As a result, a negative
pressure exists within the second fluid chamber 16, and
a vacuum does not form within the second fluid chamber
16 due to precipitation of gas contained within the fuel.
If such a vacuum were to be formed, even if the elec-
trostrictive actuator 17 extended, the pressure within the
second fluid chamber 16 would not rise sufficiently, and
it would be impossible to accurately execute displace-
ment control of the control valve 8.

(Second Embodiment)

[0053] A fuel injection valve according to a second
embodiment of the invention is shown in FIG. 4. In order
to explain the differences between this fuel injection
valve and that of the previously described first embodi-
ment, additional reference numerals have been at-
tached to relevant members. However, since all other
members are the same as those in the fuel injection
valve shown in FIG. 1, explanation of these members
will be omitted here. According to the fuel injection valve
of the second embodiment, the first fluid chamber 7 is
filled with atmospheric pressure fuel due to communi-
cation with the low pressure fuel passage 11.
[0054] According to the fuel injection valve of the first
embodiment shown in FIG. 1, the volumetric capacity of
the first fluid chamber 7 decreases along with displace-
ment of the control valve 8. Strictly speaking, when the
pressure within the first fluid chamber 7, including the
branched passage 29 set with a set pressure higher
than atmospheric pressure, becomes slightly higher,
this causes the pushing force via the second fluid cham-
ber 16 to rise enough to displace the control valve 8.
However, if the first fluid chamber 7 communicates with
the low pressure fuel passage 11 as in this fuel injection
valve, even if the volumetric capacity of the first fluid
chamber 7 decreases along with displacement of the
control valve 8 in the above described manner, the pres-
sure within the first fluid chamber 7 does not rise. Of

course, according to this fuel injection valve, as with the
fuel injection valve shown in FIG. 1, control of the elec-
trostrictive actuator 17 such that the control valve 8 has
the chosen intermediate displacement can be easily ex-
ecuted.
[0055] According to the fuel injection valve of the sec-
ond embodiment, high pressure fuel from the high pres-
sure fuel passage 3 whose pressure has been reduced
by the pin member 27 and the orifice 28 is supplied to
the second fluid chamber 16, as was the case with the
fuel injection valve shown in FIG. 1. Accordingly, the fuel
pressure within the second fluid chamber 16 is normally
higher than atmospheric pressure. In addition, a small
diameter piston 12' for transmitting a pushing force to
the control valve 8 has a larger diameter than the equiv-
alent piston of the fuel injection valve shown in FIG. 1.
In line with this, in order to apply a displacement direc-
tion pushing force to the control valve 8 using the pres-
sure difference between the first fluid chamber 7 and the
second fluid chamber 16, even when the control valve
8 has the zero displacement, it is necessary to set a first
set pushing force of a first spring 22' disposed within the
first fluid chamber 7 larger than the pushing force of the
equivalent spring of the first embodiment shown in FIG.
1.

(Third Embodiment)

[0056] A fuel injection valve according to a third em-
bodiment of the invention is shown in FIG. 5. In order to
explain the differences between this fuel injection valve
and that of the previously described first embodiment,
additional reference numerals have been attached to
relevant members. However, since all other members
are the same as those in the fuel injection valve shown
in FIG. 1, explanation of these members will be omitted
here. According to the fuel injection valve of the third
embodiment, the second fluid chamber 16 communi-
cates with the high pressure fuel passage 3 via the
check valve 26. Therefore, according to this fuel injec-
tion valve, as a result of communication of both the first
fluid chamber 7 and the second fluid chamber 16 with
the high pressure fuel passage 3, the first fluid chamber
7 and the second fluid chamber 16 are filled with high
pressure fuel. If the first fluid chamber 7 communicates
with the high pressure fuel passage 3 in this way, as with
the fuel injection valve of the second embodiment, even
if the volumetric capacity of the first fluid chamber 7 de-
creases along with displacement of the control valve 8,
the pressure within the first fluid chamber 7 does not
rise. Of course, according to this fuel injection valve, as
with the fuel injection valve shown in FIG. 1, control of
the electrostrictive actuator 17 such that the control
valve 8 has the chosen intermediate displacement can
be easily executed.
[0057] Furthermore, since high pressure fuel is sup-
plied to the second fluid chamber 16, it is obvious that
when the control valve 8 has the zero displacement no
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vacuum is generated within the second fluid chamber
16. Furthermore, the fuel pressures within the first fluid
chamber 7 and the second fluid chamber 16 are equal.
As a result, in particular, it is not necessary to set the
first set force of the first spring within the first fluid cham-
ber 7 higher than the equivalent force in the fuel injection
valve shown in FIG. 1.
[0058] According to the previously described three fu-
el injection valves, fuel is supplied to the first fluid cham-
ber 7 and the second fluid chamber 16. However, a hy-
draulic fluid other than fuel may be used.
[0059] In this manner, the fuel injection valves accord-
ing to the invention can easily achieve fuel injection with
changeable injection rates. Accordingly, for example,
the fuel injection methods explained below are possible.
[0060] FIG. 6 shows a time chart for one fuel injection
method. The vertical axis shows the fuel injection rate.
With this fuel injection method, when timings of a pilot
fuel injection and a main fuel injection are relatively
close, the control valve 8 is maintained at the interme-
diate position and a lift speed of the jet hole valve 4 is
set to be fast for the pilot fuel injection. Meanwhile, for
the main fuel injection, the control valve 8 is set to the
maximum displacement and the lift speed of the jet hole
valve 4 is set to be comparatively slow.
[0061] As a result, when the pilot fuel injection begins,
the fuel pressure in the vicinity of the jet hole within the
fuel injection valve rises rapidly, and thus it is possible
to inject the small amount of fuel of the pilot injection at
high speed. This pilot injection fuel which is injected at
high speed has great penetration force. Therefore, even
though the injection amount is small, the injected fuel
reaches the vicinity of the periphery area of the combus-
tion chamber and then combusts. Accordingly, the fuel
injected at the time of the main fuel injection begins com-
bustion from the section of the fuel which reaches the
combustion gas generated by the pilot fuel injection and
formed at the periphery area of the combustion cham-
ber. Following this, the main injection fuel combusts to-
ward the center of the combustion chamber from the pe-
riphery area. As a result, a combustion temperature of
the main injection fuel is comparatively low and the gen-
eration of NOx is inhibited.
[0062] Furthermore, since the lift speed of the jet hole
valve 4 is comparatively slow for the main fuel injection,
the fuel injection rate during the start of the main fuel
injection is comparatively low. Accordingly, even if the
fuel injection timing is advanced, no detrimental effect
on the combustion state occurs, and thus it is possible
to complete the fuel injection with a comparatively fast
timing. Moreover, it is also possible to constrain the in-
crease in smoke generated due to fuel injected during
the expansion stroke which has a reduced combustion
temperature.
[0063] FIG. 7 shows a time chart for another fuel in-
jection method, similar to that shown in FIG. 6. In this
fuel injection method, the control valve 8 is maintained
at the intermediate displacement and the lift speed of

the jet hole valve 4 is slow for the pilot fuel injection.
Meanwhile, for the main fuel injection, during a first half
of the injection period the control valve 8 is set to the
maximum displacement and the lift speed of the jet hole
valve 4 is set to be comparatively slow. During a second
half of the injection period the control valve 8 is set to
the intermediate displacement and the lift speed of the
jet hole valve 4 is set to be fast. As a result, as compared
with the fuel injection method shown in FIG. 6, the fuel
injection rate during the second half of the main fuel in-
jection rises and it is possible to speed up completion of
the fuel injection. Accordingly, it is possible to constrain
smoke increase even more reliably.
[0064] FIG. 8 shows a time chart for a further fuel in-
jection method, similar to that shown in FIG. 6. In this
fuel injection method, the pilot fuel injection is executed
at a comparatively early period of the compression
stroke, the control valve 8 is set to the maximum dis-
placement and the lift speed of the jet hole valve 4 is set
to be slow during the pilot fuel injection. Meanwhile, dur-
ing the main fuel injection as well, the control valve 8 is
set to the maximum displacement and the lift speed of
the jet hole valve 4 is set to be slow. However, a potential
problem could occur, since in the comparatively early
period of the compression stroke, the pressure and the
temperature of the combustion chamber do not rise suf-
ficiently, and the piston is also at a position away from
top dead center. As a result, it is possible that the injec-
tion fuel could reach the internal cylinder walls while re-
maining in a liquid state and easily attach to the walls.
This attached fuel could then cause dilution of the lubri-
cating oil.
[0065] However, in this fuel injection method, during
the pilot fuel injection executed at the comparatively ear-
ly period of the compression stroke, the lift speed of the
jet hole valve 4 is comparatively slow. As a result, the
rise in the fuel pressure within the fuel injection valve in
the vicinity of the jet hole is gentle, and the small-fuel
amount pilot fuel injection is executed at low speed. Ac-
cordingly, the pilot injection fuel forms a spray with low
penetration force and the problem of adherence to the
internal cylinder walls does not occur.
[0066] FIG. 9 shows a time chart for a further fuel in-
jection method, similar to that shown in FIG. 6. In this
fuel injection method, a post fuel injection in which fuel
is injected again is executed after the main fuel injection.
The post fuel injection is executed in order to inhibit the
generation of exhaust smoke resulting from incomplete
combustion of fuel when the amount of the main fuel
injection is large. In this case, the post fuel injection is
executed during the expansion stroke when the temper-
ature and pressure within the combustion chamber is
reduced. Moreover, the piston is at a position away from
top dead center. As a result, similar to the early period
pilot fuel injection of the fuel injection method described
in FIG. 8, the control valve 8 is set to the maximum dis-
placement and the lift speed of the jet hole valve 4 is set
to be comparatively slow. Accordingly, the penetration
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force of the post injection fuel is reduced and adherence
to the internal cylinder walls is inhibited.
[0067] FIG. 10 shows a time chart for yet another fuel
injection method, similar to that shown in FIG. 6. In this
fuel injection method, during the main fuel injection, the
control valve 8 is set to the intermediate displacement
and when lift of the jet hole valve 4 is started the control
valve 8 is set to the maximum displacement. During the
main fuel injection it is preferable that the fuel injection
rate is set comparatively low so as to inhibit, in particular,
the generation of substantial noise due to one-time ig-
nition combustion of large amounts of fuel during the in-
itial period of fuel injection. In order to do so, in the fuel
injection method explained above, the control valve 8 is
set to the maximum displacement and the lift speed of
the jet hole valve 4 is set comparatively slow during the
main fuel injection.
[0068] However, as a result of doing this the reduction
speed of the fuel pressure within the pressure chamber
5 is slowed. Due to this, it requires a comparatively long
time period for the high fuel pressure within the pressure
chamber 5 to reduce to a pressure at which lift of the jet
hole valve 4 in resistance to the valve closing spring 6
starts. In other words, the time delay between issuing
the fuel injection command and the start of the actual
fuel injection increases. In order to reduce this time de-
lay, in this fuel injection method, at the same time as
issuing the fuel injection command, the control valve 8
is set to the intermediate displacement thus speeding
up the reduction speed of the fuel pressure within the
pressure chamber 5. At the time when the fuel pressure
within the pressure chamber 5 is reduced to the pres-
sure at which lift of the jet hole valve 4 starts, the control
valve 8 is set to the maximum displacement. Following
this, the relative fuel outflow amount from the pressure
chamber 5 is set to be small, the lift speed of the jet hole
valve 4 is slowed and the injection rate during the actual
fuel injection is lowered.
[0069] In this fuel injection method, whether the lift of
the jet hole valve 4 has started may be observed using
the fuel pressure within the pressure chamber 5, ob-
served directly from the lift of the jet hole valve 4, or de-
termined based on a set time according to the fuel pres-
sure within the high pressure fuel passage 3. Further-
more, although the jet hole valve 4 is set to the maximum
displacement prior to the actual start of lift of the jet hole
valve 4, it is possible to reduce the time delay, depend-
ing on the setting of the jet hole valve 4 to the interme-
diate displacement.
[0070] The fuel injection valve according to the inven-
tion is provided with the control valve 8 which is dis-
placed in order to control the pressure within the pres-
sure chamber 5 applied to the jet hole valve 4, the elec-
trostrictive actuator 17 which generates an operation
force for displacing the control valve (8), and the elastic
support means 22 which elastically supports the control
valve in resistance to the operation force. Furthermore,
the actuator 17 can change the operation force by con-

trolling the control amount, and the elastic support
means 22 is displaced along with the control valve 8 in
accordance with increase of the operation force. In ad-
dition, when the control valve 8 is displaced to the cho-
sen intermediate position it abuts with the abutting mem-
ber 23. This abutting member 23 is pushed by the set
pushing force, generated by the second spring 24 which
is separate from the elastic support means 22, which
acts in the opposite direction to the operation force prior
to the displacement of the abutting member. By struc-
turing the fuel injection valve in this way, it is possible to
accurately control the control valve 8 such that it has the
chosen intermediate displacement.
[0071] While the invention has been described with
reference to exemplary embodiments thereof, it is to be
understood that the invention is not limited to the exem-
plary embodiments or constructions. To the contrary, the
invention is intended to cover various modifications and
equivalent arrangements. In addition, while the various
elements of the exemplary embodiments are shown in
various combinations and configurations, which are ex-
emplary, other combinations and configurations, includ-
ing more, less or only a single element, are also within
the spirit and scope of the invention.

Claims

1. A fuel injection valve (1) provided with a control
valve (8) which is displaced to control a pressure
within a pressure chamber (5) acting upon a jet hole
valve (4), an actuator (17) which generates an op-
eration force for displacing the control valve (8), and
elastic support means (22, 22') elastically support-
ing the control valve (8) in resistance to the opera-
tion force, characterised in that

the actuator (17) is capable of changing the
operation force by controlling a control amount,

the elastic support means (22, 22') is dis-
placed along with the control valve (8) in accord-
ance with increase of the operation force,

the control valve (8) abuts with an abutting
member (23) when the control valve (8) is displaced
to a chosen intermediate displacement, and

the abutting member (23) is pushed by a set
pushing force generated by a elastic member (24)
separate from the elastic support means (22, 22'),
this pushing force acting in the opposite direction to
the operation force acting prior to the displacement
of the abutting member (23).

2. A fuel injection valve according to claim 1, charac-
terised in that

the actuator (17) is an electrostrictive actuator
(17),

a fluid chamber (16) for converting an exten-
sion amount of the electrostrictive actuator (17) into
a pushing force which acts as the operation force is
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provided between the control valve (8) and the elec-
trostrictive actuator (17),

the fluid chamber (16) and a high pressure fu-
el passage (3) of the fuel injection valve (1) are com-
municated by a communication passage (25), and

a check valve (26) only permitting flow of fuel
toward the fluid chamber (16) is disposed in the
communication passage (25).

3. A fuel injection valve according to claim 2, charac-
terised in that

a pin member (27) is inserted in the commu-
nication passage (25),

high pressure fuel within the high pressure fu-
el passage (3), which has reduced pressure due to
passing around the pin member (27), is supplied to
the fluid chamber (16), and

a groove (27a) is formed so as to extend
around a circumference of the pin member (27) in
a circumferential direction.

4. A fuel injection valve according to claim 1, charac-
terised by including:

a first fluid chamber (7) and a second fluid
chamber (16) which mutually face each other;
and characterised in that
the actuator (17) is an electrostrictive actuator
(17),
the second fluid chamber (16) is disposed be-
tween the electrostrictive actuator (17), for con-
verting an extension amount of the electrostric-
tive actuator (17) into a pushing force which
acts as the operation force, and the control
valve (8), and
fluid pressures within the first fluid chamber (7)
and the second fluid chamber (16) are equal
when the extension amount of the electrostric-
tive actuator (17) is zero.

5. A fuel injection valve according to claim 4, charac-
terised in that

the high pressure fuel from a high pressure
fuel passage (3) of the fuel injection valve (1) is sup-
plied to the first fluid chamber (7) and the second
fluid chamber (16) once after the pressure of the
high pressure fuel has been reduced.

6. A fuel injection valve according to claim 4, charac-
terised in that

the high pressure fuel from a high pressure
fuel passage (3) of the fuel injection valve (1) is sup-
plied to the first fluid chamber (7) and the second
fluid chamber (16).

7. A fuel injection valve according to any one of claims
4 to 6, characterized by including:

a pressure receiving area in the control valve
(8) which receives pressure in one of a direct
and indirect manner within the first fluid cham-
ber (7) is equal to a pressure receiving area in
the control valve (8) which receives pressure in
one of a direct and indirect manner within the
second fluid chamber (16).

8. A fuel injection valve according to claim 1, charac-
terised by including:

a first fluid chamber (7) and a second fluid
chamber (16) which mutually face each other;
and characterised in that
the actuator (17) is an electrostrictive actuator
(17),
the second fluid chamber (16) is disposed be-
tween the electrostrictive actuator (17) for con-
verting an extension amount of the electrostric-
tive actuator (17) into a pushing force which
acts as the operation force and the control valve
(8), and
a fluid pressure within the first fluid chamber (7)
is maintained at an almost constant pressure
which exerts substantially no impact on move-
ment of the control valve (8) and which is set to
be equal to or less than a fluid pressure within
the second fluid chamber (16).

9. A fuel injection valve according to claim 8, charac-
terized in that

low pressure fluid is supplied to the first fluid
chamber (7) from a low pressure fluid passage (11)
of the fuel injection valve (1).

10. A fuel injection valve according to any one of claims
8 or 9, characterized by including:

a pressure receiving area in the control valve
(8) which receives pressure in one of a direct
and indirect manner within the second fluid
chamber (16) is set to be larger than a pressure
receiving area in the control valve (8) which re-
ceives pressure in one of a direct and indirect
manner within the first fluid chamber (7).
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