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(54) Title: ELECTRO-VALVE FOR DISCHARGING COMMON RAIL

(57) Abstract: An electro-valve for discharging a common rail while

maintaining a minimum pressure, comprising an electro-magnetic
coil inside which is arranged a movable plunger, controlling the dis -
placements of a movable axis engaging a ball valve, said movable
plunger being urged in the closing position of the ball valve by a
spring housed inside a bearing cap, wherein a bottom wall of the
bearing cap surrounds an external surface of the movable plunger,
wherein a clearance between the external surface of the plunger and
an internal wall ot the bearing cap is filled with a film of fuel, the
opening movement of the plunger causing the fuel to flow from a
room situated on top of the plunger to a bore in which the axis is ar-
ranged, wherein a sleeve of a controlled thickness is arranged around
the plunger within the clearance to set the thickness of said film of
fuel.



WO 2012/171948 A1 |IIWAT 00N 0 0 OO AU

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, Published:

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, __ P .

EE, IS, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU. with international search report (Art. 21(3))
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).



10

15

20

25

WO 2012/171948 PCT/EP2012/061182

Electro-valve for discharging common rail

Field of the invention

The invention relates to a fuel delivery system for an internal combustion
engine.

Background

A type of known fuel injection system for an internal combustion engine
comprises a high pressure pump, a common rail and a plurality of fuel injectors, each
of which is associated with a respective combustion chamber of the engine.

The high pressure pump is arranged to receive fuel at low pressure from a
fuel supply, such as a vehicle fuel tank, and to pump fuel at high pressure, e.g. 2000
bar, into the common rail. The common rail feeds each of the plurality of fuel
injectors with fuel at high pressure.

It is known to control the delivery of fuel at a high pressure to the common
rail by means of an electro-valve (Flow metering valve) situated on the pump low
pressure side. A second electro-valve situated at one end of the High pressure
common rail serves to discharge the common rail when a rapid deceleration of the
engine occurs or when the pressure in the rail exceeds the system pressure demand,
while maintaining a minimum pressure, or to discharge the common rail when the
engine is at stop and to help heating the fuel for a cold start.

Such known device comprises a valve comprising a ball carried by a
movable longitudinal axis at one end, the other end of said movable axis being
attached to a movable plunger actuated by an electro-magnetic coil, said movable
plunger being placed, at least partially, inside a magnetic bearing cap.

A large clearance is arranged between the movable plunger and the
surrounding magnetic cap, said clearance being filled with fuel, in order to lubricate
the displacements of the movable plunger inside the cap.

However, in reality the large fuel gap between plunger and cap leads to
uncontrolled dynamic motion of plunger and loss of magnetic force. Without
damping, there are instabilities in pressure control, back leak pressure spikes and

associated noise of the system.
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An object of the present invention is to suppress such drawbacks.

Summary

In an embodiment, the invention provides an electro-valve for discharging a
common rail while maintaining a minimum pressure, comprising an electro-
magnetic coil inside which is arranged a bearing cap and a movable plunger, said
movable plunger controlling the displacements of a movable axis engaging a ball or
needle of the valve, said movable plunger being urged by a spring housed inside the
bearing cap, wherein a bottom wall of the bearing cap surrounds an external surface
of the movable plunger, wherein a clearance between the external surface of the
plunger and an internal wall of the bearing cap is filled with a film of fuel, the
opening movement of the plunger causing the fuel to flow from a room situated on
top of the plunger to a bore in which the axis is arranged, wherein a sleeve of a
controlled thickness is arranged around the plunger within the clearance to set the
thickness of said film of fuel, the pressure being controlled by the association of the
ball or needle with a seat of the valve wherein the sleeve is arranged against the
external surface of the plunger, wherein a passage between the external surface of the
sleeve and the internal wall of the bearing cap constitutes a restricted passage for a
flow of fuel between the room and the bore, or wherein the sleeve is arranged against
the internal surface of the bearing cap, wherein a passage between the internal
surface of the sleeve and the external wall of the plunger constitutes a restricted
passage for a flow of fuel between the room and the bore.

According to embodiments, such electro-valve can comprise one or more of
the features below.

The longitudinal axis may have any sectional shape e.g. a circular,
hexagonal or trilobic section and/or some flat surfaces.

In an embodiment, an additional drilling is provided through a valve body
from a seat cavity of the valve to a plunger cavity.

A conduct may be drilled through the plunger to constitute a second

restricted passage.
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The plunger may have any sectional shape e.g. a circular, hexagonal or a
trilobic section and/or may have some flat surfaces. In an embodiment, the plunger
has a different cross-sectional shape from the internal wall of bearing cap, so that
first portions of the circumference of the sleeve are in sliding contact with the
internal wall of the bearing cap or external surface of the plunger to guide the
plunger in the bearing cap, and second portions of the circumference of the sleeve are
spaced from the internal wall of the bearing cap or external surface of the plunger to

create restricted passages for fluid communication between the room and the bore.

In an embodiment, the spring causes the plunger to rest against an end of the
axis to urge the axis in a closing position of the valve for natural pressure operations.
In an alternative embodiment, the spring causes the plunger to rest against an end
wall of the bearing cap opposite to the axis for venting pressure operations. The
spring may be arranged in a recess of a valve body around the axis.

The sleeve surrounding the plunger is preferably made of non magnetic
material having good sliding characteristics.

The sleeve surrounding the plunger has a tunable thickness in order to
control the fluid film thickness between the sleeve and the plunger.

The magnetic cap is deep drawn which reduces manufacturing costs and is
casier to manufacture.

The pressure may be controlled by means of the association of the ball and
its seat or by a needle valve instead of a ball and its secat.

In an embodiment, the sleeve comprises a coating on the surface of the
plunger or on the surface of the bearing cap.

In an embodiment, the sleeve comprises a coating on the surface of a tube
placed in extension to a lateral wall of the bearing cap.

Aspects of the invention are based on the idea of arranging a non-magnetic
sleeve or foil with low friction properties located between plunger and cap of a high
pressure valve which controls both pressure and flow. The sleeve reduces friction
and provides a centering effect and thus minimizes side forces. Sleeve thickness can

be adjusted to control damping of the motion of the plunger. The sleeve material may
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be non-magnetic metal, PTFE or a coating on steel. There may additionally be a

drilling through the movable plunger, in order to tune the damping more effectively.

Brief description of the drawings

These and other aspects of the invention will be apparent from and
clucidated with reference to the embodiment described hereinafter, by way of
example, with reference to the drawings.

Figure 1 is a longitudinal section of a prior art embodiment of an electro-
valve.

Figure 2 is a longitudinal section of an embodiment according to the present
invention.

Figure 3 is a partial view, at an enlarged scale of figure 2.

Figure 4 is a modification of the embodiment of figure 3.

Detailed description of the embodiments

With reference to Figure 1, the known embodiment to be improved
comprises a valve body 1 having an internal longitudinal bore 2 within which may
move a longitudinal axis 3. The small clearance between bore 2 and axis 3 is filled
with fuel.

The axis 3 comprises at one end a ball 4 resting on the opening of a conduct
7 and is fixed to the plunger 5 at its other end.

A spring 6 is pushing downward the plunger 5 in such a way that ball 4 is
maintained closing the opening of conduct 7. Conduct 7 is arranged through an end
plug of a common rail to allow discharging the common rail to a fuel tank (not
shown).

Spring 6 is held by bearing cap 8 which is partially surrounding plunger 5
with a gap or clearance filled with fuel.

This clearance is large enough to allow free movement of the plunger.

The electro-magnetic coil 9 is energized to increase the force applied onto the ball
downwards. When coil 9 reduces the force applied onto the ball, the fluid pressure is
released through the seat towards the fuel tank. Such plunger motion needs to be controlled

to avoid oscillation generating loss of control of the pressure drop.
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However it appeared, during use, that displacement of the movable plunger
5 may be jammed.

Moreover, since axis 3 is guided axially in the head part 8 of the valve in its
top end and in the lower part of the valve in the lower end of bore 2, and since the
middle portion of axis 3 is fixed to plunger 5, the valve arrangement of Fig. 1
requires an excellent concentricity between the valve body 1 and the valve head part
8, which increases manufacturing cost.

Figure 2 is showing the improved embodiment. In this figure 2 same
elements as in figure 1 are bearing the same references.

In this embodiment plunger 5 is not anymore fixed to longitudinal axis 3 but
is simply resting on it by action of spring 6, thus suppressing one cause of jamming
of the plunger 5.

Another modification is that the external surface of plunger 5 is covered by
a sleeve 11 of non-magnetic material having good friction characteristics, such as
nylon or PTFE, whose thickness is tunable in order to determine exactly the
thickness of the film of fuel between the movable plunger 5 and the internal wall of
cap 8.

Another sleeve 12 made of non magnetic material is placed in extension to
the lateral walls of cap 8.

Guiding of longitudinal axis 3 within bore 2 is obtained by the length of axis
3. To achieve the guiding of axis 3, the cross section of axis 3 may be well adjusted
to a corresponding cross section of bore 2, ¢.g.; both circular in shape. In that case,
the space available for fluid communication through the bore 2 may be insufficient
for proper operations of the valve. As shown on figure 4, an additional drilling 15 of
equilibration may be provided through valve body 1 to ensure fluid communication
between the valve seat and the cavity containing plunger 5 in bearing cap 8.

In an alternative embodiment, the cross section of axis 3 does not coincide
with the cross section of bore 2, so that some space remains around axis 3 for fluid
communication through bore 2. For example, the bore 2 may have a circular cross-
section whereas axis 3 has a hexagonal or trilobic cross-section. When plunger 5 is
moved up against spring 6, there is a flow of the fuel in the film of fuel existing

between the external wall of plunger 5 and the internal wall of cap 8 towards bore 2.
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The said flow is controlled by the thickness of the film of fuel the thickness
of which is determined by the importance of the space between the external wall of
plunger 5 and the internal wall of cap 8 and therefore by the thickness of sleeve 11,
which can be precisely controlled and selected.

In an embodiment, the cross-section of plunger 5 has the same shape as the
internal space of bearing cap 8, e.g. both circular, so that a film of fuel with
substantially uniform thickness exists all around the plunger 5.

In a preferred embodiment, the cross-section of plunger 5 has a different
shape from the internal space of bearing cap 8, e.g. an hexagonal plunger in a
circular space or other, so that at some portions of the circumference of the plunger 5
the sleeve 11 is in sliding contact with the internal wall of bearing cap 8 to provide
axial guiding of the plunger 5, while at other portions of the circumference of the
plunger 5, the sleeve 11 is spaced from the internal wall of bearing cap 8 to create
restricted passages for fluid communication between the room 10 and the bore 2.

Flow control could be also realized by drilling an additional conduct 14 of
precisely determined diameter connecting bore 2 and the housing of spring 6 which
communicates with room 10 situated above plunger 5.

In another embodiment, the spring 6 is replaced by a similar spring arranged
on the opposite side of the plunger 5, e.g. within a recess 20 of valve body 1 around
the end portion of axis 3. In that case, as long as the coil 9 is not energized, the
spring urges the plunger 5 towards the bearing cap 8 at some distance from the end
of axis 3, thus leaving the axis 3 and ball 4 to float between an open and a closed
state depending on pressure conditions existing in the common rail. In that case, at
rest, the flow rate through the valve is only controlled by the diameter of the conduct
7.

Due to the fact that the upper end portion of axis 3 is not attached to plunger
5, the length of axis 3 can be reduced and a concentricity requirement between valve
body 1 and valve head part 21 can be relaxed compared to the embodiment of Fig. 1.

In an embodiment, sleeve 11 is arranged against the internal surface of the
lateral wall of bearing cap 8 instead of the external surface of plunger 5. The

function of the sleeve 11 remains the same in that case.
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The sleeve 11 can be made independently from the other parts of the valve,
¢.g. under the form of a foil of PTFE and inserted in the valve during assembly.
Alternatively, the sleeve 11 can be made as a preexisting coating on the surface of
plunger 5 or bearing cap 11, e.g. obtained by spraying the sleeve material on the
surface before assembly.

The invention is not limited to the described embodiments. The appended
claims are to be construed as embodying all modification and alternative
constructions that may be occurred to one skilled in the art, which fairly fall within
the basic teaching here, set forth.

The use of the verb “to comprise” or “to include” and its conjugations does
not exclude the presence of elements or steps other than those stated in a claim.
Furthermore, the use of the article “a” or “an” preceding an element or step does not
exclude the presence of a plurality of such elements or steps.

In the claims, any reference signs placed between parentheses shall not be

construed as limiting the scope of the claims.
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CLAIMS

1. An electro-valve for discharging a common rail while maintaining
a minimum pressure, comprising an electro-magnetic coil (9) inside which is
arranged a bearing cap (8) and a movable plunger (5), said movable plunger
controlling the displacements of a movable axis (3) engaging a ball or needle (4),
said movable plunger (5) being urged by a spring (6) housed inside the bearing
cap (8), wherein a bottom wall of the bearing cap surrounds an external surface
of the movable plunger (5), wherein a clearance between the external surface of
the plunger (5) and an internal wall of the bearing cap (8) is filled with a film of
fuel, the opening movement of the plunger causing the fuel to flow from a room
(10) situated on top of the plunger (5) to a bore (2) in which the axis (3) is
arranged, wherein a sleeve (11) of a controlled thickness is arranged around the
plunger (5) within the clearance to set the thickness of said film of fuel, the
pressure being controlled by the association of the ball or needle (4)with a seat of
the valve characterized in that the sleeve (11) is arranged against the external
surface of the plunger (5), wherein a passage between the external surface of the
sleeve (11) and the internal wall of the bearing cap (8) constitutes a restricted
passage for a flow of fuel between the room (10) and the bore (2), or wherein the
sleeve (11) is arranged against the internal surface of the bearing cap (8), wherein
a passage between the internal surface of the sleeve (11) and the external wall of
the plunger (5) constitutes a restricted passage for a flow of fuel between the
room (10) and the bore (2).

2. An clectro-valve according to Claim 1, wherein a conduct (14)
drilled through the plunger (5) constitutes a second restricted passage regulating
the flow of fuel.

3. An electro-valve according to Claim 1 or Claim 2, wherein the
plunger (5) has a different cross-sectional shape from the internal wall of bearing
cap (8), so that first portions of the circumference of the sleeve (11) are in sliding
contact with the internal wall of the bearing cap (8) or external surface of the
plunger (5) to guide the plunger in the bearing cap, and second portions of the

circumference of the sleeve (11) are spaced from the internal wall of the bearing
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cap (8) or external surface of the plunger (5) to create restricted passages for fluid
communication between the room (10) and the bore (2). .

4. An electro-valve according to any one of Claims 1 to 3, wherein
the internal wall of the bearing cap (8) has a circular cross-section and the
external surface of the plunger (5) has a non-circular cross-section.

5. An electro-valve according to any preceding claim, wherein an
additional drilling (15) is provided through a valve body (1) from a seat cavity of
the valve to a plunger cavity.

6. An clectro-valve according to any preceding claim, wherein the
spring (6) causes the plunger (5) to rest against an end of the axis (3) to urge the
axis in a closing position of the valve.

7. An electro-valve according to any one of claims 1 to 5, wherein the
spring (6) causes the plunger (5) to rest against an end wall of the bearing cap (8)
opposite to the axis (3).

8. An electro-valve according to claim 7, wherein the spring is
arranged in a recess (20) of a valve body (1) around the axis (3).

9. An electro-valve according to any preceding claim, in which the
sleeve (11) is made of non magnetic material having good sliding characteristics.

10. An electro-valve according to any preceding claim, in which the
sleeve (11) has a tunable thickness.

11. An electro-valve according to any preceding claim, in which the
sleeve (11) comprises a coating on the surface of the plunger (5) or on the surface
of the bearing cap (8).

12. An electro-valve according to any preceding claim, in which the
sleeve (11) comprises a coating on the surface of a tube (12) placed in extension

to a lateral wall of the bearing cap (8).
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