
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

77
8 

38
6

A
1

TEPZZ 778¥86A_T
(11) EP 2 778 386 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
17.09.2014 Bulletin 2014/38

(21) Application number: 13158969.9

(22) Date of filing: 13.03.2013

(51) Int Cl.:
F02M 47/02 (2006.01) F02M 63/00 (2006.01)

F02M 61/16 (2006.01) F02M 55/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(71) Applicant: Delphi International Operations 
Luxembourg S.à r.l.
4940 Bascharage (LU)

(72) Inventors:  
• Sauvetre, Ludovic

41150 Chouzy / cisse (FR)

• Bonneau, David
41000 Blois (FR)

• Barbier, Philippe
41120 Cellettes (FR)

• Legrand, Philippe
41350 St. Gervais La Foret (FR)

(74) Representative: Neill, Andrew Peter
Delphi Diesel Systems 
Patent Department 
Courteney Road
Gillingham, Kent ME8 0RU (GB)

(54) Control valve assembly and fuel injector incorporating a control valve assembly

(57) A control valve assembly (36) for controlling fuel
pressure in a control chamber (34) of a fuel injector (30).
The control valve assembly (36) comprising a valve
member (46) arranged in a bore (42) provided in a valve
housing (44), at least one of the valve member and the

valve housing (44) being moveable with respect to the
other, wherein the valve member comprises a fuel-re-
ceiving cavity (78) arranged to receive fuel that distorts
at least a portion of the valve member so as to increase
an external dimension thereof.
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Description

Field of the Invention

[0001] This invention relates to a control valve assem-
bly for controlling fuel pressure in a control chamber. In
particular, the invention relates to a control valve assem-
bly for controlling fuel pressure in the control chamber of
a fuel injector for use in a fuel injection system of an
internal combustion engine. The invention also relates
to a fuel injector incorporating a control valve assembly.

Background to the Invention

[0002] In common rail fuel systems for diesel engines,
fuel is delivered from an accumulator to each cylinder of
an engine by a dedicated fuel injector. Each fuel injector
comprises a valve needle that is moveable relative to a
seating to permit or arrest the delivery of fuel. Movement
of the valve needle towards and away from the seating
is controlled by balancing opposed closing and opening
forces. Fuel in a delivery chamber exerts an opening
force on an end of the valve needle nearest the seating,
which acts to lift the needle away from the seating. Fuel
in a control chamber exerts a closing force on an end of
the valve needle remote from the seating, which acts to
force the needle against the seating.
[0003] The balance of the opening and closing forces
is controlled by controlling fuel pressure in the control
chamber. When the pressure in the control chamber is
high, the closing force on the needle is sufficient to over-
come the opening force exerted by the fuel in the delivery
chamber, and the valve needle is retained in a closed
position against the valve seating. When the fuel pres-
sure in the control chamber is relatively low, the closing
force is lower than the opening force, and the valve nee-
dle is lifted from the seating into an open position, such
that fuel is injected into the engine cylinder.
[0004] Figure 1 illustrates in cross-section a known
control valve assembly 10 for use in controlling the fuel
pressure in such a control chamber 12. A valve member
14 is moveable with respect to a housing 16 between a
closed position and an open position by means of an
actuator 18, such as a solenoid. In the closed position,
the control chamber 12 is in communication with a high-
pressure fuel supply 20. Fuel pressure in the control
chamber 12 is therefore high. In the open position of the
control valve 10, the control chamber 12 and the high-
pressure fuel supply 20 are in communication with a fuel
passage 22 that leads to a low-pressure drain (not
shown). Pressure in flow passages 24 in the control valve
and in the control chamber 12 is therefore relatively low.
In this way, the control valve assembly 10 controls the
pressure in the control chamber 12, which in turn controls
the fuel injection.
[0005] In such control valves, the fuel in the flow pas-
sages 24 is prone to leakage, which leads to fuel loss,
and hence leads to energy loss. This energy loss is un-

desirable because it decreases efficiency of the engine
and results in increased CO2 emissions.
[0006] Leakage can occur during opening and/or clos-
ing of the valve 10, known as dynamic leak, and/or when
the control valve 10 is in the closed position, known as
static leak. Static leak is particularly significant as the
control valve 10 is in the closed position for the majority
of its lifetime. A major source of static leak is a clearance
26 between the valve member 14 and the surrounding
housing 16. The clearance 26 must exist to allow for slid-
ing movement of the valve member 14 with respect to
the housing 16; however, the clearance 26 provides an
undesirable pathway through which high-pressure fuel
may leak out of the flow paths 22 of the control valve 10.
[0007] It will be appreciated that when the control valve
10 is in the closed position, the flow paths 22 within the
control valve contain high-pressure fuel. The high oper-
ating pressures of today’s fuel injectors mean that fuel in
the flow paths 22 is typically at pressures of at least 2000
bar; high enough that fuel within the flow paths 22 exerts
a pressure on the surrounding components that is suffi-
cient to cause significant distortion.
[0008] Specifically, the high-pressure fuel in the flow
paths 22 exerts an outward radial force on the housing
16, and an inward radial force on the valve member 14.
The distortion forces the two components apart in the
region of the flow paths 22. Away from the flow paths 22,
the strain relaxes. However, the relaxation is gradual,
and thus the housing 16 and the valve member 14 are
still subject to distortion in the region of the clearance 26
between the valve member 14 and the housing 16. This
distortion increases the size of the clearance 26 between
the valve member 14 and the housing 16, and hence
increases the tendency for leakage.
[0009] It is with a view to addressing the aforemen-
tioned disadvantage that the present invention provides
an improved control valve assembly for a fuel injection
system for an internal combustion engine.

Summary of the Invention

[0010] Against this background, a first aspect of the
invention resides in a control valve assembly for control-
ling fuel pressure in a control chamber of a fuel injector,
the control valve assembly comprising a valve member
arranged in a bore provided in a valve housing, at least
one of the valve member and the valve housing being
moveable with respect to the other, wherein the valve
member comprises a fuel-receiving cavity arranged to
receive fuel that distorts at least a portion of the valve
member so as to increase an external dimension thereof.
[0011] The invention provides a control valve assem-
bly in which undesirable distortion effects caused by fuel
in the bore of the control valve can be counteracted. The
undesirable distortion effects tend to increase a diameter
of the bore, causing leakage between the valve member
and the valve housing. In the control valve of the inven-
tion, these effects are counteracted by means of the fuel-
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receiving cavity provided in the valve member. Fuel re-
ceived in the fuel-receiving cavity causes an intentional
distortion of the valve member, which increases an ex-
ternal diameter of the valve member, compensating for
the increase in the diameter of the bore. By counteracting
the distortion effects, leakage of fuel from the control
valve between the valve member and the valve housing
is reduced. This decreases the energy consumption and
hence increases the efficiency of an engine provided with
the control valve assembly.
[0012] Preferably, at least one of the valve member
and the valve housing is engageable with a valve seating
to control fuel pressure within the control chamber, and
fuel pressure within the fuel-receiving cavity is variable
depending on whether the valve member is engaged with
the valve seating. In this way, the pressure in the fuel-
receiving cavity can be varied to match the pressure in
the control valve, such that the intentional distortion of
the valve member occurs only to the extent that is re-
quired.
[0013] In preferred embodiments, the valve member
comprises an annular wall surrounding the fuel-receiving
cavity, so that fuel received in the fuel-receiving cavity
exerts an outward radial force on at least a portion of the
annular wall, so as to increase its external diameter. The
annular wall is easily and uniformly distorted by the fuel
in the fuel-receiving cavity, which reduces stresses ex-
erted on the valve member and the valve housing as a
result of the intentional distortion.
[0014] The valve member may comprise a valve body
arranged in a close sliding fit in the bore, and at least a
portion of the fuel-receiving cavity may extend into the
valve body. Leakage between the valve member and the
valve housing is particularly significant at a region of
close-sliding fit, so extending at least a portion of the fuel-
receiving cavity into the valve body advantageously helps
to ensure that distortion in this region is counteracted,
thereby reducing leakage still further.
[0015] Preferably, the bore is arranged to receive fuel
from a high-pressure fuel supply, In this case fuel re-
ceived in the bore may act to distort the valve housing
and/or the valve member so as to increase a radial clear-
ance defined between the valve body and a wall of the
bore. In this embodiment, the bore may define a fuel gal-
lery for receiving fuel from the high-pressure fuel supply,
and fuel received in the fuel gallery may act to distort the
valve housing and/or the valve member so as to increase
the radial clearance.
[0016] In this case, fuel received in the fuel-receiving
cavity preferably acts to distort the valve body so as at
least partially to counteract the increase in the radial
clearance caused by the fuel received in the bore.
[0017] In preferred embodiments, the fuel-receiving
cavity is in fluid communication with the fuel gallery, such
that fuel pressure in the fuel-receiving cavity is substan-
tially the same as fuel pressure in the fuel gallery. Ensur-
ing the same fuel pressure in the fuel gallery and the fuel-
receiving cavity guards against a situation where, for ex-

ample, the pressure in the fuel-receiving cavity is too low,
so that the external diameter of the valve member is not
sufficiently increased, and the clearance remains large
enough to cause significant leakage, and also guards
against a situation where the pressure in the fuel-receiv-
ing cavity is too high, such that the external diameter of
the valve member increases too much, introducing an
unacceptable degree of friction between the valve mem-
ber and the valve housing.
[0018] Preferably, the fuel-receiving cavity is arranged
in fluid communication with the fuel gallery by means of
an inlet, such as a cross-drilling, that is in fluid commu-
nication with the fuel-receiving cavity and the fuel gallery.
[0019] In preferred embodiments, when fuel is absent
from the bore and the fuel-receiving cavity, the valve body
is of substantially constant external diameter.
[0020] For ease of manufacture, the fuel-receiving cav-
ity is preferably a drilled cavity. To prevent fuel escaping
from the fuel-receiving cavity, the drilled cavity may be
plugged by an insert.
[0021] To control pressure in the control chamber of
the injection valve, at least one of the valve member and
the bore is preferably moveable with respect to the other
between a first position in which the control chamber, the
fuel-receiving cavity and a high-pressure fuel supply are
arranged in mutual fluid communication, and a second
position in which the control chamber is in fluid commu-
nication with a low-pressure fuel drain. For example, the
valve member may be moveable with respect to the valve
housing. Alternatively, the valve housing may be move-
able with respect to the valve member.
[0022] The invention also extends, in a second aspect,
to a fuel injector comprising a control valve assembly as
described above, a control chamber, and an injection
nozzle, the control chamber being arranged to control
movement of a valve needle to control the injection of
fuel from the injection nozzle.
[0023] It will be appreciated that preferred and/or op-
tional features of the first aspect of the invention may be
incorporated alone or in appropriate combination in the
second aspect of the invention also.

Brief Description of the Drawings

[0024]

Figure 1 has already been described above with ref-
erence to the prior art. In order that the invention may
be more readily understood, preferred non-limiting
embodiments thereof will now be described with ref-
erence to the remaining accompanying drawings, in
which:

Figure 2 is a front cross-sectional view of a fuel in-
jector comprising a control valve assembly accord-
ing to a first embodiment of the invention;

Figure 3 is a front cross-sectional view of the control
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valve assembly of Figure 2, in a closed position;

Figure 4 is a front cross-sectional view of the control
valve assembly of Figure 2 in an open position;

Figure 5 is a front cross-sectional view of a control
valve assembly according to a second embodiment
of the invention, in a closed position;

Figure 6 is a front cross-sectional view of the control
valve assembly of Figure 5 in an open position;

Figure 7 is a cross-sectional view from above of the
control valve assembly of

Figure 6, taken along the line A-A; and

Figures 8a and 8b are front cross-sectional views of
a valve stem of alternative embodiments of the con-
trol valve assembly of Figure 7.

[0025] Throughout the remainder of this document,
terms such as ’above’, ’below’, ’upwardly’, ’downwardly’
and so on are used with reference to the orientation of
the control valve in the accompanying drawings. Howev-
er, it will be appreciated that a control valve according to
the present invention could be used in any orientation.
Terms such as ’upstream’ and ’downstream’ are used
with reference to the direction of fuel flow in use of the
control valve, during opening or closing of the control
valve, or otherwise as the context demands.

Detailed Description of Embodiments of the Inven-
tion

[0026] Referring to Figure 2, a fuel injector 30 for use
in delivering fuel to an engine cylinder of an internal com-
bustion engine (not shown) comprises an injection nozzle
32, a control chamber 34 and a control valve 36 according
to the invention. The injection nozzle 32 comprises a
valve needle 38 that is moveable with respect to an in-
jection valve seating (not shown) between an open po-
sition, in which delivery of fuel into the engine cylinder is
permitted, and a closed position, in which delivery of fuel
is arrested.
[0027] The control chamber 34 contains fuel that exerts
a closing force on an end 40 of the valve pin 38 thereby
acting to force the valve pin 38 against the injection valve
seating. The control valve 36 controls the pressure of the
fuel in the control chamber 34, so as to control the closing
force and to move the valve pin 38 between the open
position and the closed position.
[0028] Figure 3 illustrates a control valve 36 according
to the invention in isolation from the rest of the fuel injector
30. The control valve comprises a bore 42 defined in a
valve housing 44, exemplified here as a control valve
block, and a valve member 46, exemplified here as a
valve stem, that is slidably received in the bore 42.

[0029] Drillings 48 in the valve housing define a high-
pressure fuel supply that supplies high-pressure fuel to
the bore 42 of the control valve 36, and to the control
chamber 34. A primary drilling 50 delivers high-pressure
fuel to the bore 42 of the control valve 36, and a secondary
drilling 52, branching off from the primary drilling down-
stream of the control valve 36, delivers fuel to the control
chamber 34. The bore 42 is arranged to receive high-
pressure fuel from the high-pressure fuel supply 48 via
an annular fuel gallery 54, which is defined by a spacing
provided between the valve stem 46 and a wall 56 of the
bore 42.
[0030] Above the fuel gallery 54, the wall 56 of the bore
42 comprises a valve seating, generally indicated at 58,
in the form of a frustoconical surface 60. The valve stem
46 comprises a corresponding frustoconical surface 62,
of complementary shape and dimensions, such that the
valve stem 46 is engageable with the valve seating 58.
[0031] Moving upwardly, above the valve seating 58,
the bore 42 is in communication with a low-pressure fuel
drain (not shown) via outlet openings 64 in the wall of the
bore 42. The low-pressure fuel drain communicates with
further drillings 66 in the valve housing 44 that drain fuel
away from the bore 42, so as to increase the volume of
the fuel and hence to decrease the pressure of the fuel
in the control valve 36.
[0032] Continuing upwardly, the uppermost portion 68
of the valve stem 46 is arranged in contact with an actu-
ator 70 such as a solenoid or a piezoelectric actuator.
The actuator 70 acts on the uppermost portion 68 of the
valve stem 46, so as to move the valve stem 46 either
downwardly and into engagement with the valve seating
58, or upwardly and out of engagement with the valve
seating 58.
[0033] In this way, and as will later be described in
detail, the valve stem 46 is moveable within the bore 42
between a first or closed position, shown in Figure 3, in
which the valve stem 46 is in abutment with the valve
seating 58, and a second, or open position, shown in
Figure 4, in which the valve stem 46 is spaced apart from
the valve seating 58.
[0034] Considering now the valve stem 46 in further
detail, a lower portion of the valve stem 46, located below
the fuel gallery 54, defines a valve body 72 of the valve
stem 46. The valve body 72 is substantially cylindrical in
shape, and is of substantially constant radius. The valve
body 72 is arranged in a close sliding fit within the bore
42. Specifically, the portion of the bore 42 that surrounds
the valve body 72 is of substantially constant radius, that
radius being slightly greater than the radius of the valve
body 72. In this way, a small clearance 74 is provided
between the valve body 72 of the valve stem 46 and the
wall 56 of the bore 42, so as to allow for relative sliding
movement between the valve stem 46 and the valve
housing 72. Typically, the clearance 74 is of the order of
a few microns.
[0035] The valve body 72 of the valve stem 46 is sub-
stantially hollow. Specifically, the valve body 72 of the
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valve stem 46 comprises an annular wall 76 that sur-
rounds a fuel-receiving cavity 78. The internal cavity has
a diameter that is between approximately 30 % and ap-
proximately 60 % of the diameter of the valve stem.
[0036] The fuel-receiving cavity 78 is formed, for ex-
ample, by drilling into a lowermost end 80 of the valve
body 72, and plugging the lowermost end with an insert
82. The insert 82 is sealed to an inner surface 84 of the
annular wall 76 in a leak-tight fashion, for example by
welding.
[0037] Moving from the lowermost end 80 of the valve
body 72 upwards, the fuel-receiving cavity 78 extends
longitudinally through the length of the valve body 72.
The fuel-receiving cavity 78 continues beyond the valve
body 72 of the valve stem 46, such that it extends into a
region of the valve stem 46 of reduced radius that is sur-
rounded by the fuel gallery 54 of the bore 42. The fuel-
receiving cavity 78 terminates in this region of reduced
radius, such that the fuel-receiving cavity 78 does not
extend beyond the fuel gallery 56.
[0038] An uppermost end 86 of the fuel-receiving cavity
78 is provided with one or more inlets 88 in the form of
cross-drillings. The inlets 88 are arranged to extend be-
tween the fuel-receiving cavity 78 and the fuel gallery 54,
such that fuel can flow from the fuel gallery 54 into the
fuel-receiving cavity 78. It will be appreciated that fuel is
prevented from flowing out of the fuel-receiving cavity 78
by the insert 82 provided in the lowermost end 80 of the
valve stem 46.
[0039] Continuing upwardly from the cross-drillings 88,
the central portion of the valve stem 46 leads into the
frustoconical surface 62 of the valve stem 46, in which
region the radius of the valve stem 46 gradually increases
until the radius is substantially the same as the radius of
the valve body 72. Above the frustoconical surface 62,
in the region of the low-pressure passages 66 and the
uppermost region of the valve stem 46, the valve stem
46 is provided with a blind drilling 90. This blind drilling
90 restricts flow to the low-pressure drain, as described
in the Applicant’s published patent application WO
2004/005702.
[0040] The flow of fuel to, from and within the control
valve 36 will now be described, with particular reference
to Figures 3 and 4, which show the control valve 36 in
the closed and open positions respectively.
[0041] Referring firstly to Figure 3, when the control
valve 36 is in the closed position, the frustoconical sur-
face 62 of the valve stem 46 abuts the frustoconical sur-
face 60 of the valve seating 58. In this way, the fuel path
between the fuel gallery 54 and the low-pressure pas-
sage 66 is blocked. Therefore, while the high-pressure
fuel supply 48, the control chamber 34, the fuel gallery
54, and the fuel-receiving cavity 78 are in mutual fluid
communication, and high-pressure fuel can flow between
them, fluid communication with the low-pressure pas-
sage 66 to the drain is broken. Thus, the fuel in the control
valve 36 cannot drain to low pressure. Fuel in the control
valve 36, and hence in the control chamber 34, therefore

remains at a relatively high pressure.
[0042] It will be appreciated that when the control valve
36 is in the closed position, the fuel gallery 54 and fuel-
receiving cavity 78 contain high-pressure fuel. The high-
pressure fuel in the fuel gallery 54 exerts an inward radial
force on the valve stem 46 and an outward radial force
on the wall 56 of the bore 42 in the region of the fuel
gallery 54. This causes elastic distortion of the valve stem
46 and the wall 56 of the bore 42, which tends to decrease
an external diameter of the valve stem 46 and increase
an internal diameter of the bore 42.
[0043] As has been described, although this elastic dis-
tortion relaxes away from the fuel gallery 54, it does so
gradually, and residual strains exists in the valve stem
46 and the wall 56 of the bore 42. Thus, at the valve body
72 of the valve stem 46, elastic strain tends to decrease
the external diameter of the valve stem 46 and increase
the internal diameter of the bore 42, thereby increasing
the clearance 74 between the valve stem 46 and the bore
42 in the region of the valve body 72. This strain is largest
close to the fuel gallery 54, and gradually decreases to-
wards the lowermost end 80 of the valve stem 46.
[0044] However, when the control valve 36 is in the
closed position, the fuel-receiving cavity 78 in the valve
stem 46 also receives high-pressure fuel from the fuel
gallery 54, via the inlets 88. This high-pressure fuel in
the fuel-receiving cavity 78 exerts an outward radial force
on the annular wall 76 of the valve body 72 of the valve
stem 46.
[0045] The outward radial force exerted by the fuel in
the fuel-receiving cavity 78 deforms the annular wall 76
of the valve stem 46 outwardly. Specifically, the outward
radial force elastically deforms the annular wall 76 so as
to increase its external dimensions appreciably. Since
the annular wall 76 is of uniform thickness, and the pres-
sure provided by the fuel is uniform, the effect of the dis-
tortion is to appreciably increase an external diameter of
the valve body 72 of the valve stem 46.
[0046] The tendency of high-pressure fuel in the fuel
gallery 54 to decrease the external diameter of the valve
stem 46 and increase the diameter of the bore 42 is there-
fore counteracted by the tendency of the fuel in the fuel-
receiving cavity 78 to increase the external diameter of
the valve stem 46. The net result is that, in a control valve
36 according to the invention, the clearance 74 between
the valve stem 46 and the bore 42 of the control valve
36 is not appreciably increased by the presence of the
high-pressure fuel. The risk of leakage between the valve
stem 46 and the bore 42 in a control valve 36 according
to the invention is therefore significantly lower than in
known control valves.
[0047] As previously mentioned, the control valve 36
spends the majority of its life in the closed position. Thus,
reducing the tendency for leakage between the valve
stem 46 and the wall 56 of the bore 42 when the control
valve 36 is in the closed position has a significant impact
on the total operational leakage of the control valve 36.
[0048] Referring now to Figure 4, when the control
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valve 36 is in the open position, the valve stem 46 is
spaced apart from the valve seating 58, such that flow
of fuel between the fuel gallery 54 and the low-pressure
drain 66 is permitted. Thus, when the control valve 36 is
in the open position, the high-pressure fuel supply 48,
the control chamber 34, the fuel gallery 42, the fuel-re-
ceiving cavity 78 and the low-pressure fuel drain 66 are
in mutual fluid communication. Fuel can therefore flow
to the low-pressure fuel drain 66, and the fuel in the con-
trol valve 36 and in the control chamber 34 is at a relatively
low pressure.
[0049] Thus, when the control valve 36 is in the open
position, fuel in the fuel gallery 42 and the fuel-receiving
cavity 78 is at relatively low pressure. The fuel in the fuel
gallery 42 exerts a relatively low outward radial force on
the wall 56 of the bore 42 and a relatively low inward
force on the valve stem 46, causing a relatively low level
of distortion. Similarly, the fuel in the fuel-receiving cavity
78 exerts a relatively low outward force on the annular
wall 76 of the valve stem 46 (in comparison with when
the control valve 36 is closed), causing a correspondingly
low distortion that counteracts the distortion provided by
the fuel in the fuel gallery 42.
[0050] It will be appreciated that the provision of the
cross-drillings 88 between the fuel gallery 54 and the
fuel-receiving cavity 78 means that the fuel pressure in
the fuel gallery 54 is always at equilibrium with the fuel
pressure in the fuel-receiving cavity 78. In this way, the
fuel pressure in the fuel-receiving cavity 78 varies with
the pressure in the fuel gallery 54, and hence varies de-
pending on whether the control valve 36 is open or
closed. The fuel in the fuel-receiving cavity 78 will there-
fore only distort the annular wall 76 of the valve body to
the extent that is necessary to maintain a substantially
constant clearance 74 between the valve body 72 of the
valve stem 46 and the wall 56 of the bore 42.
[0051] This equilibrium between the fuel gallery 54 and
the fuel-receiving cavity 78 guards against a situation
where, for example, the pressure in the fuel-receiving
cavity 78 is too low, so that the external diameter of the
valve stem 46 is not sufficiently increased, and the clear-
ance 74 between the valve stem 46 and the bore 42 re-
mains large enough to cause significant leakage. The
equilibrium also guards against a situation where the
pressure in the fuel-receiving cavity 78 is too high, such
that the external diameter of the valve stem 46 increases
too much, introducing an unacceptable degree of friction
between the valve stem 46 and the wall 56 of the bore
42, or even causing damage to the valve stem 46 and/or
the housing 44.
[0052] In use of the injection valve 30, the control valve
36 is initially biased in the closed position by a spring (not
shown), which mechanically biases the valve stem 46
against the valve seating 58. In this closed position, fluid
communication between the control chamber 34 and the
low-pressure drain 66 is broken. The high-pressure fuel
supply 48, the control chamber 34, the fuel gallery 54
and the fuel-receiving cavity 78 are in mutual fluid com-

munication, such that they all contain high-pressure fuel.
[0053] High-pressure fuel in the fuel gallery 54 exerts
relatively high radial forces on the wall 56 of the bore 42
and the valve stem 46 that tends to increase the clear-
ance 74 between the wall 56 of the bore 42 and the valve
body 72 of the valve stem 46; however, this is compen-
sated for by high-pressure fuel in the fuel-receiving cavity
78 that exerts a relatively high outward radial force on
the annular wall 76 of the valve body 72 of the valve stem
46, thereby increasing its external diameter by a relatively
large amount. In this way, the provision of the fuel-re-
ceiving cavity 78 reduces the clearance 74 and guards
against leakage between the wall 56 of the bore 42 and
the valve stem 46 when the control valve 36 is in the
closed position.
[0054] With the control valve 36 in the closed position,
high-pressure fuel in the control chamber 34 exerts a
relatively high closing force on the valve pin 38 of the
injection nozzle 32, thereby retaining the valve pin 38
against the injection valve seating. The injection nozzle
32 is therefore retained in a closed position, such that
fuel is prevented from entering the engine cylinder.
[0055] To trigger an injection event, the actuator 70 is
actuated by application of an electric current or voltage.
The actuator 70 acts against the bias of the spring to lift
the valve stem 46 of the control valve 36 upwardly, into
the open position, such that the valve stem 46 is lifted
out of engagement with the valve seating 58. In the open
position, the high-pressure fuel supply, the control cham-
ber 34, the fuel gallery 54, the fuel-receiving cavity 78
and the low-pressure drain are arranged in mutual fluid
communication, such that they all contain fuel at relatively
low pressure.
[0056] In the open position, the relatively low-pressure
fuel in the fuel gallery 54 exerts relatively low radial forces
on the wall 56 of the bore 42 and the valve stem 46 that
tend to increase the clearance 74 between the wall 56
of the bore 42 and the valve body 72 of the valve stem
46 by only a relatively small amount. This is compensated
for by relatively low-pressure fuel in the fuel-receiving
cavity 78 that exerts a relatively low outward radial force
on the annular wall 76 of the valve body 72 of the valve
stem 46, thereby increasing its external diameter by a
correspondingly small amount. In this way, the provision
of the fuel-receiving cavity 78 guards against leakage
between the wall 56 of the bore 42 and the valve stem
46 when the control valve 36 is in the open position.
[0057] With the control valve 36 in the open position,
relatively low-pressure fuel in the control chamber 34 ex-
erts a relatively low closing force on the valve pin 38 of
the injection nozzle 32. This low closing force is insuffi-
cient to retain the valve pin 38 against the injection valve
seating. The injection nozzle 32 is therefore moved to an
open position, such that fuel is injected into the engine
cylinder.
[0058] When the injection event is complete, the elec-
tric current or voltage is removed from the actuator 70 of
the control valve 36. The spring biases the control valve
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36 into the closed position once more, and the control
valve 36 remains in the closed position until the next in-
jection event.
[0059] Figures 5 and 6 illustrate a second embodiment
of a control valve 36 according to the invention, in which
like numbers correspond to like parts. In this alternative
embodiment, the control valve 36 comprises a valve
member 46 in the form of a valve pin, which is received
in a bore provided in a housing 44, the housing being in
the form of a valve stem 44. The valve stem 44 is located
within a further bore 92 that is provided in a valve block
94. The valve stem 44 is slidable within the further bore
92, such that the valve stem 44 is moveable with respect
to the valve pin 46 and with respect to the valve block 94.
[0060] In contrast to the first embodiment, in which the
valve member 46 (in the form of a valve stem) is moveable
while the valve housing 44 (in the form of a control valve
block) remains stationary, in the second embodiment,
the valve member 46 (in the form of the valve pin) remains
stationary, while the valve housing 44 (in the form of the
valve stem) is moveable. It will be appreciated that, in
both embodiments, relative sliding movement takes
place between the valve member 46 and the housing 44.
Said another way, in both embodiments, at least one of
the valve member 46 and the housing 44 is moveable
with respect to the other.
[0061] Referring still to Figures 5 and 6, movement of
the valve stem 44 is actuated by means of an actuator
70 that is arranged at an uppermost end of the valve stem
44. The valve stem 44 is biased downwardly into engage-
ment with the valve seating 58 in a first or closed position
by the spring 96, illustrated in Figure 5, and the actuator
70 acts against the spring 96 to move the valve stem 44
upwardly into an open position, illustrated in Figure 6.
[0062] At the lowermost end of the control valve 36,
remote from the actuator 70, the further bore 92 compris-
es a valve seating 58 in the form of a frustoconical surface
60. In the region of the valve seating 58, the valve stem
44 comprises a corresponding frustoconical surface 62,
of complementary shape and dimensions, such that the
valve stem 44 is engageable with the valve seating 58.
[0063] Below the valve seating 58, a high-pressure fuel
supply 48 opens into the bore 42 in the valve stem 44.
The high-pressure fuel enters the valve stem 44 at its
lowermost end via an inlet 97. Above the valve seating
58, a low-pressure fuel passage 66 allows fuel from the
bore 42 to flow to a low-pressure drain (not shown). As
illustrated in Figure 7, a low-pressure path 99 additionally
exists between the valve stem 44 and the valve block 94.
To provide this low-pressure fuel path 99, the valve stem
44 may be of tri-lobe configuration, as illustrated in Figure
7, or an outer surface of the valve stem 44 may be pro-
vided by linear or planetary grooves 100, as illustrated
in Figures 8a and 8b.
[0064] In this way, the valve seating 58 is intermediate
the high-pressure fuel supply inlet 96 and the low-pres-
sure fuel passage 66. Thus, when the valve stem 44 is
arranged in the closed position, shown in Figure 5, fluid

communication between the high-pressure fuel supply
48 and the low-pressure drain is broken. When the valve
stem 44 is arranged in the open position, shown in Figure
6, fluid communication between the high-pressure fuel
supply 48 and the low-pressure drain is open.
[0065] Considering now the valve pin 46 in further de-
tail, a lower portion of the valve pin 46 defines a valve
body 72 of the valve pin 46, which is substantially cylin-
drical in shape, and of substantially constant radius. The
valve body 72 is arranged in a close sliding fit within the
bore 92 of the valve stem 44, and a small clearance 74
is provided between the valve body 72 of the valve pin
46 and the wall 56 of the surrounding bore 42, so as to
allow for sliding movement between the valve pin 46 and
the surrounding bore 92. Typically, the clearance 74 is
of the order of a few microns.
[0066] The valve pin 46 is provided with a fuel-receiv-
ing cavity 78 that extends through the length of the valve
body 72. Specifically, the valve body 72 of the valve pin
46 comprises an annular wall 76 surrounding the fuel-
receiving cavity 78. In this embodiment, the fuel-receiving
cavity 78 opens onto a lowermost end of the valve pin
46, such that the end of the valve pin 46 defines a fuel
gallery in the form of an inlet 98 through which fuel can
flow into the fuel-receiving cavity 78. In this way, the fuel-
receiving cavity 78 is in fluid communication with the bore
42 of the valve stem 44.
[0067] When the valve stem 44 is arranged in a closed
position, shown in Figure 5, the bore 42 of the valve stem
44 and the fuel-receiving cavity 78 both contain high-
pressure fuel. The high-pressure fuel in the bore 42 ex-
erts an outward radial force on the wall 56 of the bore
42, and an inward radial force on the valve pin 46, tending
to increase the clearance 74 between them in a manner
that has already been described with reference to the
first embodiment. However, the high-pressure fuel in the
fuel-receiving cavity 78 exerts an outward radial force on
the annular wall 76 of the valve pin 46, increasing its
external diameter and thereby counteracting the tenden-
cy for the clearance 74 to increase.
[0068] When the valve stem 44 is arranged in an open
position, shown in Figure 6, the bore 42 of the valve stem
44 and the fuel-receiving cavity 78 both contain low-pres-
sure fuel. The low-pressure fuel in the bore 42 exerts a
relatively small outward radial force on the wall 56 of the
bore 42, and a relatively small inward radial force on the
valve pin 46, tending to increase the clearance 74 be-
tween them to a lesser degree. The low-pressure fuel in
the fuel-receiving cavity 78 exerts a relatively low outward
radial force on the annular wall 76 of the valve pin 46,
increasing its external diameter to a correspondingly
lesser extent, and thereby counteracting the tendency
for the clearance 74 to increase.
[0069] It will be appreciated that, in a manner similar
to that described with regard to the first embodiment, the
provision of the inlet 98 between the bore 42 and the fuel-
receiving cavity 78 means that the fuel pressure in the
bore 42 is always at equilibrium with the fuel pressure in
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the fuel-receiving cavity 78. In this way, the fuel pressure
in the fuel-receiving cavity 78 varies with the pressure in
the bore 42, and hence varies throughout the cycle of
opening and closing of the control valve 36. The fuel in
the fuel-receiving cavity 78 will only distort the annular
wall 76 of the valve body 72 to the extent that is necessary
to maintain a constant clearance 74 between the valve
body 72 of the valve stem 44 and the wall 56 of the bore
42.
[0070] Thus, in both embodiments, the invention pro-
vides effective means for reducing the static leak be-
tween the valve member 46 and the valve housing 44,
thereby reducing fuel and energy loss, and increasing
the efficiency of the engine.
[0071] Although in the first embodiment described
above the valve body 72 of the valve stem 44 is integral
with a remaining portion of the valve stem 44, and the
cavity 78 is a drilled cavity plugged by an insert 82, it will
be appreciated that the cavity may be introduced into the
valve stem by any suitable means. For example, the valve
body may be formed separately from the remainder of
the valve stem in the form of a cylinder that is closed at
one end. The valve body may then be attached to the
remainder of the valve stem, for example by welding, so
as to provide an internal cavity in the valve stem.
[0072] Fuel need not necessarily be received into the
bore via a fuel gallery, but may be received into the bore
by any suitable arrangement of flow passages within the
control valve. The fuel in any of the flow passages in the
control valve may act to the increase the radial clearance
between the valve body and the wall of the bore. If the
fuel gallery is present, it may be of any suitable shape,
and arranged at any suitable location.
[0073] Although in the embodiments described the fuel
supply is a high-pressure fuel supply, it will be appreci-
ated that distortion effects will be also present at lower
fuel pressures, and thus the fuel may be supplied at any
pressure above ambient pressure.
[0074] It should be appreciated that various other mod-
ifications and improvements can be made without de-
parting from the scope of the invention as defined in the
claims.

Claims

1. A control valve assembly (36) for controlling fuel
pressure in a control chamber (34) of a fuel injector
(30), the control valve assembly (36) comprising a
valve member (46) arranged in a bore (42) provided
in a valve housing (44), at least one of the valve
member (46) and the valve housing (44) being move-
able with respect to the other, wherein the valve
member (46) comprises a fuel-receiving cavity (78)
arranged to receive fuel that distorts at least a portion
of the valve member (46) so as to increase an ex-
ternal dimension thereof.

2. The control valve assembly (36) of Claim 1, wherein
at least one of the valve member (46) and the valve
housing (44) is engageable with a valve seating (58)
to control fuel pressure within the control chamber
(34), and wherein fuel pressure within the fuel-re-
ceiving cavity (78) is variable depending on whether
the valve member (46) is engaged with the valve
seating (58).

3. The control valve assembly (36) of Claim 1 or Claim
2, wherein the valve member (46) comprises an an-
nular wall (76) surrounding the fuel-receiving cavity
(78), so that fuel received in the fuel-receiving cavity
(78) exerts an outward radial force on at least a por-
tion of the annular wall (76), so as to increase an
external diameter thereof.

4. The control valve assembly (36) of any preceding
claim, wherein the valve member 46 comprises a
valve body (72) arranged in a close sliding fit in the
bore (42), and at least a portion of the fuel-receiving
cavity (78) extends into the valve body (72).

5. The control valve assembly (36) of Claim 4, wherein
the bore (42) is arranged to receive fuel from a high-
pressure fuel supply (48), and wherein fuel received
in the bore (42) acts to distort the valve housing
and/or the valve member (46) so as to increase a
radial clearance (74) defined between the valve body
(72) and a wall (56) of the bore (42).

6. The control valve assembly (36) of Claim 5, wherein
the bore (42) defines a fuel gallery (54) for receiving
fuel from the high-pressure fuel supply (48), and fuel
received in the fuel gallery (54) acts to distort the
valve housing (44) and/or the valve member (46) so
as to increase the radial clearance (74).

7. The control valve assembly (36) of Claim 6, wherein
fuel received in the fuel-receiving cavity (78) acts to
distort the valve body (72) so as at least partially to
counteract the increase in the radial clearance (74)
caused by the fuel received in the bore (42).

8. The control valve assembly (36) of Claim 6 or Claim
7, wherein the fuel-receiving cavity (78) is in fluid
communication with the fuel gallery (54), such that
fuel pressure in the fuel-receiving cavity (78) is sub-
stantially the same as fuel pressure in the fuel gallery
(54).

9. The control valve assembly (36) of Claim 8, wherein
the valve member (46) comprises an inlet in fluid
communication with the fuel-receiving cavity (78)
and the fuel gallery (54).

10. The control valve assembly (36) of any of Claims 4
to 9, wherein, when fuel is absent from the bore (42)
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and the fuel-receiving cavity (78), the valve body (72)
is of substantially constant external diameter.

11. The control valve assembly (36) of any preceding
claim, wherein the fuel-receiving cavity 78 is a drilled
cavity.

12. The control valve assembly (36) of Claim 11, wherein
the drilled cavity (78) is plugged by an insert (82).

13. The control valve assembly (36) of any preceding
claim, wherein at least one of the valve member (46)
and the valve housing (44) is moveable with respect
to the other between a first position in which the con-
trol chamber (34), the fuel-receiving cavity (78) and
a high-pressure fuel supply (48) are arranged in mu-
tual fluid communication, and a second position in
which the control chamber (34) is in fluid communi-
cation with a low-pressure fuel drain.

14. The control valve assembly (36) of any preceding
claim, wherein the valve member (46) is moveable
with respect to the valve housing (44).

15. A fuel injector (30) comprising the control valve as-
sembly (36) of any preceding claim, a control cham-
ber (34), and an injection nozzle (32), the control
chamber (34) being arranged to control movement
of a valve needle (38) to control the injection of fuel
from the injection nozzle (32).
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