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(54) PRESSURE CONTROL VALVE FOR A FUEL INJECTION SYSTEM

(57) A fuel injection component for a fuel injection
systemcomprises a pressure control valve (10) disposed
in a cavity (12) in the component between a high pressure
side and a low pressure side. The cavity comprises a
cylindrical wall (16), a bottom wall (18), a high pressure
inlet opening (24) in the a bottom wall and a low pressure
outlet opening (22). The pressure control valve compris-
es a housing (26) including a fluid channel (42) extending
between an inlet port (44) and an outlet port (46), a valve
seat (48) in the fluid channel, and a valve element (50)
associated with the valve seat to open or close fluid flow
therethrough. Means (29) are privded for biasing the
valve member onto its valve seat. The housing has an
external, annular contact surface (54) that is adapted to
be pressed against a corresponding annular sealing sur-
face (56) in the cavity. The annular contact surface (54)
separates the region of the inlet port (44), in communi-
cation with the high pressure inlet opening (24), from that
of the outlet port (46), in communication with the low pres-
sure outlet opening (22). A piezo-resistive element (52)
is arranged on the valve seat, the internal resistance of
the piezo-resistive element depending on the pressure
applied thereon, thereby enabling sensing a contact
pressure of the valve element against the valve seat.
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Description

Technical field

[0001] The present invention generally relates to the
field of fuel injection systems for internal combustion en-
gines, and more specifically to a pressure control valve
for such system.

Background of the Invention

[0002] A fuel injection system of an internal combustion
engine, particularly in a Diesel engine, commonly com-
prises a high pressure fuel pump feeding a high pressure
fuel accumulator, also called common rail, with fuel from
the fuel tank. The high pressure fuel is distributed from
the fuel accumulator to a plurality of solenoid actuated
fuel injectors that deliver fuel directly into the combustion
chambers.
[0003] To ensure good functioning of the motor and
also for safety reasons, the pressure inside the common
rail is monitored and regulated. The injection system is
therefore usually equipped with a pressure control valve
and with a pressure sensor that are mounted in end cav-
ities of the common rail body. The pressure control valve
closes the extremity of the high pressure fuel chamber
of the common rail. In some embodiments the pressure
control valve is designed as pressure limiting valve and
typically comprises a check valve arranged in a fluid pas-
sage extending between an inlet at the front of the valve
housing, in communication with the high pressure fluid
in the common rail chamber; and an outlet in the lateral
housing wall opening in the end cavity of the common
rail, in communication with a low pressure fuel return cir-
cuit. The valve member is biased on its seat by a spring.
Such pressure limiting valve acts as safety device for
maintaining the pressure inside the common rail at a giv-
en maximum level.
[0004] It is of importance to properly control the force
applied by the spring onto the valve element to ensure
that the valve opens at the desired prescribed value when
the fuel injection system is in operation. Therefore, the
production process of the pressure limiting valve involves
a calibration procedure: the spring length required to ob-
tain the desired spring force is first determined; next, the
piston and seat ring are plastically deformed to adapt
their length; finally, upon assembly of the pressure limit-
ing valve the response of the check valve is tested with
high pressure gas. Also to be noted, the housing body is
plastically deformed to close the internal cavity (seat ring
locked by bending housing edge), and hence cannot be
reopened for further adjustment.
[0005] Although this design is conventional and has
been satisfactorily used up to now, it does involve a cer-
tain level of complexity.

Object of the invention

[0006] An object of the present invention is to provide
an improved design of pressure limiting valve, or more
generally of pressure control valve, that facilitates the
control of the internal spring force.

General Description of the Invention

[0007] The present invention provides a fuel injection
component for a fuel injection system that comprises a
pressure control valve disposed in a cavity of the com-
ponent, between a high pressure side and a low pressure
side. The cavity comprises a cylindrical wall, a bottom
wall, a high pressure inlet port in a bottom region of the
cavity and a low pressure outlet port.
[0008] The pressure control valve comprises a housing
including a fluid channel extending between an inlet port
and an outlet port, a valve seat in the fluid channel, and
a valve element associated with the valve seat to open
or close fluid flow therethrough. Biasing means are pro-
vided to be able to bias the valve member onto its valve
seat. The housing part further has an external, annular
contact surface that is adapted to be pressed against a
corresponding annular sealing surface in the cavity. The
annular contact surface separates, seen in the axial di-
rection of the cavity, the region of the inlet port, in com-
munication with said high pressure inlet opening, from
that of the outlet port, in communication with said low
pressure outlet opening. It shall be appreciated that a
piezo-resistive element is arranged on the valve seat,
the internal resistance of the piezo-resistive element de-
pending on the pressure applied thereon, thereby ena-
bling sensing a contact pressure of the valve element
against the valve seat.
[0009] The inventive pressure control valve thus in-
cludes a pressure transducer/sensor formed by a piezo-
resistive element that is configured for sensing the pres-
sure exterted by the valve element against the valve seat.
As is known, resistance of a piezo-resistive element var-
ies with the mechanical strain applied to it. The knowl-
egde of the contact pressure between the valve element
and the valve seat can thus be simply determined by
evaluating the measurement signal based on conven-
tional resistance measurement.
[0010] An immediate benefit of the invention is to be
able to measure, during assembly of the pressure control
valve, the pressure force exerted by the spring onto the
valve member.
[0011] Furthermore, in use, when the pressure control
valve is in fluid communication with an associated high
pressure component, the piezo-resistive element permits
determining the fuel pressure inside the high pressure
component. Indeed, the fuel pressure acting on the valve
element exerts a force that is opposite the biasing force.
When the fuel pressure increases, the contact pressure
between the valve element and the valve seat decreases,
and so does the force applied onto the piezo-resistive
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element. In other words, the contact force existing at the
interface between the valve element and the valve seat
depends on the fuel pressure and can be easily deter-
mined based on the voltage signal across the piezo-re-
sistive element. The sensor voltage signal V can be ex-
pressed as V=f(P), where P is the pressure force exerted
onto the piezo-resistive element. For piezo-resistive ma-
terials, the resistance change with pressure can be sub-
stantially linear.
[0012] The present invention is thus simple to imple-
ment and does not interfer with the general design of the
pressure control valve. It can be applied to pressure con-
trol valves for fuel injection system for diesel or gasoline
(or other fuels) internal combustion engines.
[0013] The invention is of particular advantage for fuel
components such as common rails or fuel pumps.
[0014] The housing may comprises a cylindrical hous-
ing body with an internal cavity that is closed at the front
end by a seat ring, the seat ring having an inner side
turned towards the internal cavity and an opposite outer
side forming a front end face of the pressure control valve.
The inlet port and the valve seat are arranged in the seat
ring. An inlet section of the fluid passage extends in the
seat ring between the inlet port and the valve seat.
[0015] In embodiments, the housing includes a base
housing part and a front housing part engaged into the
cavity, the front housing part extending along a longitu-
dinal axis (X), the housing further including fastening
means for fixing of the valve into the cavity. The inlet port
is located in the front housing part as well as the external,
annular contact surface that is pressed against the cor-
responding annular sealing surface in the cavity.
[0016] Preferably, the inlet port is located in a front end
face of said front housing part; and the annular contact
surface is part of the front end face and surrounds the
inlet port.
[0017] In practice, an electrical link is provided in the
housing to apply a voltage to the piezo-resistive element,
in particular from a connector terminal. It thus suffices to
provide one electric wire or path in the valve to be able
to measure the resitance of the piezo-resistive element,
which is already at groud potentional due to direct contact
with the cavity.
[0018] A peripheral insulating sheeting or coating is
advantageously provided on the wall of the internal cavity
in the housing body.
[0019] The piezo-resistive element may be a piezo-
resistive film or coating that is applied to the annular con-
tact surface of the pressure control valve. Any kind of
piezo-resistive element having a resistance depending
on the force applied thereo can be used.
[0020] The pressure control function of the valve itself
may follow various designs, being active or passive. The
design of the means for biasing the valve member onto
its valve seat is thus adapted accordingly.
[0021] A passive pressure control valve is e.g. a pres-
sure limiting valve. In such embodiment, the valve mem-
ber may be typically biased on the valve seat by a com-

pression spring. Preferably, the compression spring acts
upon an axially guided piston, which in turn acts upon
said valve member.
[0022] In such design, the electrical link may comprises
a wire connected at one end to a connector terminal and
connected at the other end to the spring in the internal
cavity, thereby enabling current flow to the valve member
via the spring and piston.
[0023] An example of active valve control is the so-
called high pressure valve. In such case the valve in-
cludes an electromagnetic actuator (solenoid). A pin is
axially moveable in the internal cavity, the pin being cou-
pled at one end to the valve member and at the other
end attached to an armature. It further includes an elec-
tromagnet adapted to create a magnetic field to move
the armature in a first direction. A compression spring,
preferably acting on the armature, to move the pin in a
second direction opposite the first direction. Generally
the pin is biased in the closing direction.
[0024] In embodiments, the housing comprises an out-
er thread that cooperates with a corresponding thread in
said cavity for fixing the valve therein by screwing in the
longitudinal axis direction.
[0025] In an application, the fuel component is a com-
mon rail. The common rail may generally comprise: a rail
body having an elongate shape extending along a main
axis from a first extremity to a second extremity; a longi-
tudinal bore extending generally axiallay in said rail body
and defining an inner volume receiving, in use, high pres-
sure fuel; a plurality of protrusions distributed along the
length of the rail body between the extremities, each pro-
trusion having a generally radially extending high pres-
sure channel in communication with the longitudinal
through bore; and a cavity at one of the extremities, in
fluid communication with the longitudinal through bore.
The pressure control valve as disclosed herein above, is
mounted in the cavity. It will be noted here that when a
common rail is equipped with the present pressure con-
trol valve, it is no longer necessary to add a separate
pressure sensing device. Indeed, as explained before,
the pressure control valve includes a piezo-resistive el-
ement that allows, in operation, the determination of the
pressure level in the longitudinal bore of the common rail.
With conventional common rail designs, the cavity at the
opposite extremity can thus be closed (e.g. by a plug),
or could also be omitted (i.e. there is only one end cavity
in which the pressure control valve is mounted).

Brief Description of the Drawings

[0026] Further details and advantages of the present
invention will be apparent from the following detailed de-
scription of not limiting embodiments with reference to
the attached drawings, wherein:

Fig. 1 is a cross-section view through a pressure con-
trol valve according to an embodiment of the
invention;
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Fig. 2 is a graph (voltage vs. time) showing the re-
sponse of the piezo-resistive element at differ-
ent rail pressures.

Description of Preferred Embodiments

[0027] In the description below, the terms "top, bottom,
above, below" will be used with reference to the orienta-
tion in the figures for ease of explanation.
[0028] An embodiment of the present pressure control
valve will now be described in an application as pressure
limiting valve in a fuel accumulator (or common rail) of
an injection system for an internal combustion engine, in
particular a diesel engine.
[0029] Although not shown, a common rail convention-
ally comprises an elongated tubular body and a longitu-
dinal through bore defining an inner volume receiving, in
use, high pressure fuel. The body is provided with a cavity
at both extremities that are in fluid communication with
the longitudinal bore. Externally, the rail is conventionally
provided with protrusions distributed along the length of
the rail body between the extremities. Each of the pro-
trusions has a radially extending high pressure channel,
not shown, adapted to flow high pressure fuel either en-
tering the rail or exiting the rail towards fuel injectors.
[0030] In Fig.1 only the extremity of the common rail
is shown, where such cavity is indicated at 12. The cavity
12 is cylindrical and comprises a lateral wall 16 and a
bottom face 18. The upper region of cavity 12 is provided
with a threaded section 20 for screwing the pressure con-
trol valve 10 therein. A channel 22 opens laterally in the
lower cavity region to provide a return flow path from the
cavity to the low pressure circuit of the injection system.
An opening 24 is arranged in the bottom face 18 to enable
fluid communication with the longitudinal through bore of
the common rail, which is filled in use with high-pressure
fuel. It may be noted here that in the shown embodiment,
reference sign 15 designates a transition bore that opens
at one end into the cavity 12 through orifice 24, and at
the other end is in communication with the longitudinal
through bore (not represented). Typically such transition
bore 15 has a diameter lower than the longitudinal bore.
Alternatively, the longitudinal through bore of the com-
mon rail could open directly into the cavity. The cavity 12
is sealed from the exterior by an annular joint 37.
[0031] The pressure control valve 10 comprises a
housing 26 with a front region 26.1, engaged into cavity
12 and a base region 26.2. Housing 26 includes a me-
tallic, cylindrical housing body 28 that extends along a
longitudinal axis A and comprises an internal cavity 30,
which is closed towards the base region 26.2. A com-
pression spring 29 and a piston 31 are arranged inside
the cavity 30, with the compression spring being com-
pressed between the cavity bottom and the piston 31.
Towards the front region, internal cavity 30 is sealed by
a seat ring 32 of the control valve 10. The seat ring has
a disk-like body portion 34 with a narrower cylindrical
extension 36. The body portion 34 fits in an inlet section

of the housing body 28 and rests with its annular inner
side 38 against a shoulder 39 of the body 28. The cylin-
drical extension 36 of seat ring 32 extends further inside
cavity 12. The seat ring 32 is fixed in place in the housing
body 28. It is e.g. maintained by the peripheral edge of
body 28.
[0032] The body portion 34 of seat ring 32 has a front
side 40, opposite inner side 38 that forms the end face
of the pressure control valve 10. In use, the control valve
is positioned with the front region 26.1 screwed in cavity
12, the front side 40 being pressed against the bottom
face 18 of cavity 12, as represented in Fig.1. An outer
thread 41 is provided at the outer periphery of the front
housing region 26.1, proximal to the base portion. The
base portion may comprise a male or female drive con-
figuration, here e.g. a socket head 43 for a Torx wrench
or the like.
[0033] In the mounted position, a part of the front side
40, referred to as annular contact surface 54, presses
against a corresponding portion of the bottom face 18,
referred to as annular sealing surface 56. This forms an
annular barrier preventing fluid flow along the front side
40 towards the cavity interior. The efficiency of the seal
provided by the barrier depends on the screwing
strength.
[0034] The pressure control function is achieved by
way of a check valve formed in a fluid passage 42 pro-
vided in the housing 26. The fluid passage 42 extends
from an inlet port 44, centrally arranged in front side 40,
to a pair of outlet ports 46 located in the housing body
28 and thus opening radially/laterally into the cavity 12.
[0035] A valve seat 48 is arranged in the fluid passage
42, namely at the inner end of an inlet section 42.1 of the
fluid passage 42 opening in the inner end face of the
cylindrical extension 36. The valve seat 48 is formed as
an annular sealing surface surrounding the end of inlet
section 42.1; it may have has a spherical or conical cross-
section, although other shapes are possible. Reference
sign 50 designates a ball-shaped valve element that co-
operates with valve seat 48 to control the flow through
the latter. The valve element 50 is biased in the closed
position by the compression spring 29 via piston 31. The
valve element 50 is here free, but could be attached at
the tip of piston 31. Spring 29 has a predetermined spring
force that is chosen so that the valve element 50 lifts from
its seat 48 when the fuel pressure in the inlet section 42.1
of fluid passage 42 exceeds a predetermined pressure
threshold, acting as safety feature to relieve the excess
fuel pressure from the fuel rail. Valve element 50 is thus
moveable between a closed position, shown in Fig.1,
wherein it sealingly rests on the valve seat 48 and im-
pedes the flow of fluid downstream thereof, and an open
position in which the valve element is off the seat and
allows fluid flow therethrough (when the pressure in inlet
section 42.1 exceeds the predetermined pressure
threshold). The general design and operation of such
pressure limiting valve is known in the art and need not
be described in further details.
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[0036] It shall be appreciated that a piezo-resistive el-
ement 52 is arranged on the valve seat 48. The piezo-
resisitive element 52 is a layer of piezo-resisitive material
that entirely covers the annular sealing surface of the
valve seat 48.
[0037] When the valve element 50 is in its closed po-
sition, the piezo-resistive element 52 is thus sandwiched
between the valve element 50 and the valve seat 48. An
electrical link is provided to apply a predetermined volt-
age to the piezo-resistive element 52, whereas the lower
side of the piezo-resistive element 52is in contact with
the seat ring 32, which is in turn in contact with the bottom
face 18 of the common rail cavity, which is at ground
potential. Such electrical link can be provided by an in-
sulated wire, schematically indicated 58 in Fig.1, drawn
through the housing, e.g. though the housing body 28,
and connected to a contact washer 62 located at the bot-
tom of the internal cavity 30. An improved contact be-
tween the wire 58 and contact washer 62 cab ne ensured
by means of a contact spring (not shown) arranged in
the body 28. It may be noted here that contact washers
of different thicknesses may be used to adjust the initial
load on the spring 29. The wire 58 is connected at its
other end to a contact terminal (not shown) in a connector
portion 60. The electrical link is then provided through
the spring 29, the piston 31 and the valve element 50 in
series. This is possible as all the parts in the housing 12
are typically made of metallic or otherwise electrically
conductive material.
[0038] The provision of the piezo-resistive element 52
at this interface allows measuring the force or contact
pressure exerted by the valve element 50 onto the valve
seat 48. This piezo-resistive element 52 can thus be used
for measuring the initial pressure load applied by the com-
pression spring 29 to the valve element 48 via the piston
31. This initial pressure load is in fact the force exerted
by the spring upon assembly.
[0039] The benefit of the piezo-resistive element 52 is
thus to generate a measure signal that depends on the
contact pressure at the interface valve element 50 - valve
seat 48. It suffices to apply a voltage to the piezo-resistive
element 52 to check the pressure force during assembly.
Testing of the opening pressure with high pressure fluid
is no longer necessary. Additionally, in use, the contact
pressure will vary depending on the fuel pressure in the
common rail (in the longitudinal through bore). Indeed,
the fuel pressure exerts a pressure force on the valve
element 50 in the pressure control valve 10, thus in the
opening direction of the valve member 50. When the fuel
pressure in the longitudinal bore increases, the pressure
in inlet section 42.1 also increases, and so does the force
exerted by the fuel on the valve element 50. This leads
to a corresponding decrease of the contact pressure be-
tween the valve element 50 and the valve seat 48. The
increase of pressure in the fuel rail thus causes a de-
crease of the contact pressure, which can be monitored
by means of the piezo element 52, the internal resistance
of which will increase due to the decrease of compressive

force.
[0040] The piezo-resistive element 52 may typically be
a piezo-resistive film or coating that is applied onto the
contact surface 54 at the front of the seat ring 32. It can
be single or multi-layered. Any kind of appropriate piezo-
resistive technology can be used, allowing to measure-
ment of contact pressure/forces. Such force-sensing pi-
ezo electric films are known in the art. One example is a
hydrocarbon film known as DiaForce® and developed
by the Fraunhofer Institute for Manufacturing Technology
and Advanced Materials (Brement, Germany).
[0041] With such piezo-resistive pressure sensor able
to measure static forces one can thus determine, by way
of the measure of the voltage through the piezo-resistive
element 52, the contact force at the interface between
the valve element 50 and the valve seat 48. To avoid
short-circuits, as shown in Fig. 1 the housing 26 compris-
es advantageously an insulating coating or sheeting 64.
The coating 64 is disposed over the longitudinal wall of
the internal cavity 30 and between the housing 26 and
the seat ring 32. The spring, piston and seat ring are thus
electrically insulated from the housing body. Insulating
sheating 62 is also provided at the bottom of cavity 30 to
insulate the contact washer from the body 28.
[0042] Fig. 2 shows a graph (voltage vs. time) illustrat-
ing the response of the piezo element for several fuel rail
pressures. The piezo element has a known resistance
when its is not subject to any compressive force; and its
resistance decreases when a compressive force is ap-
plied thereto. When reading Fig.2, one must keep in mind
that when the fuel rail pressure increases, the contact
pressure between the valve element 50 and the valve
seat 48 decreases, i.e. the compressive force on the pi-
ezo element decreases against the bias of the compres-
sion spring 29. As can be observed from Fig.2, the
change of resistance due to the change of fuel rail pres-
sure does indeed lead to a significant change of voltage
that can be properly detected, occuring over several volts
for the pressure range over about 2200 bars. Since the
resistance of the piezo element increases due to the re-
duction of pressure thereon, the voltage signal also in-
creases.

Claims

1. A fuel injection component for a fuel injection system,
said fuel injection component comprising a pressure
control valve (10) disposed in a cavity (12) in said
component between a high pressure side and a low
pressure side, said cavity comprising a cylindrical
wall (16), a bottom wall (18), a high pressure inlet
opening (24) in said a bottom wall and a low pressure
outlet opening (22);
wherein said pressure control valve comprises a
housing (26) including a fluid channel (42) extending
between an inlet port (44) and an outlet port (46), a
valve seat (48) in said fluid channel, and a valve el-
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ement (50) associated with said valve seat to open
or close fluid flow therethrough, as well as means
(29) for biasing the valve member onto its valve seat;
wherein said housing has an external, annular con-
tact surface (54) that is adapted to be pressed
against a corresponding annular sealing surface (56)
in said cavity, said annular contact surface (54) sep-
arating the region of the inlet port (44), in communi-
cation with said high pressure inlet opening (24),
from that of the outlet port (46), in communication
with said low pressure outlet opening (22);
wherein a piezo-resistive element (52) is arranged
on said valve seat, the internal resistance of said
piezo-resistive element depending on the pressure
applied thereon, thereby enabling sensing a contact
pressure of said valve element against said valve
seat.

2. The fuel injection component according to claim 1,
wherein an electrical link is provided in said housing
to apply a voltage to said piezo-resistive element, in
particular from a connector terminal.

3. The fuel injection component according to claim 1 or
2, wherein said piezo-resistive element is a piezo-
resistive film or coating.

4. The fuel injection component according to any one
of the preceding claims, wherein
said housing comprises a cylindrical housing body
(28) with an internal cavity (30) that is closed at a
front end by a seat ring (32), said seat ring having
an inner side turned towards said internal cavity and
an opposite outer side (40) forming a front end face;
and
said inlet port (44) and valve seat (48) are arranged
in said seat ring, an inlet section (42.1) of said fluid
passage extending in said seat ring between said
inlet port and valve seat.

5. The fuel injection component according to any one
of the preceding claims, wherein said housing in-
cludes a base housing part (26.2) and a front housing
part (26.1) engaged into said cavity (12), said front
housing part extending along a longitudinal axis (X),
said housing further including fastening means (41)
for fixing of the valve into said cavity (12); and
wherein said inlet port (44) is located in said front
housing part as well as said external, annular contact
surface (54) that is pressed against said correspond-
ing annular sealing surface (56) in said cavity.

6. The fuel injection component according to any one
of the preceding claims, wherein said inlet port is
located in a front end face of said front housing part;
and
said annular contact surface is part of said front end
face and surrounds said inlet port.

7. The fuel injection component according to any one
of the preceding claims, wherein said valve member
is biased on said valve seat by a compression spring
(39), and preferably, said compression spring acts
upon an axially guided piston (31), which in turn acts
upon said valve member.

8. The fuel injection component according to claim 7,
wherein said electrical link comprises a wire (58)
connected at one end to a connector terminal and
connected at the other end to said spring in said in-
ternal cavity, thereby enabling current flow to said
valve member via said spring and piston.

9. The fuel injection component according to any one
claims 1 to 6, wherein said pressure control valve
comprises an electromagnetic actuator including:

a pin axially moveable in said cavity, said pin
being coupled at one end to said valve member
and at the other end attached to an armature;
an electromagnet adapted to create a magnetic
field to move said armature in a first direction;
and
wherein said compression spring is arranged so
as to bias said pin in the direction of said valve
seat.

10. The fuel injection component according to any one
of the preceding claims, wherein an insulating sheet-
ing or coating (64) is provided on the wall of said
internal cavity.

11. The fuel injection component to anyone of the pre-
ceding claims, wherein said housing comprises an
outer thread (41) that cooperates with a correspond-
ing thread (20) in said cavity for fixing said valve
therein by screwing in said longitudinal direction.

12. The fuel injection component according to any one
of the preceding claims, wherein said fuel injection
component is a common rail or a fuel pump.
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