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(54) FUEL PUMP FOR A DIRECT INJECTION SYSTEM WITH A REDUCED STRESS ON THE 
BUSHING OF THE PISTON

(57) Fuel pump (4) having: a pumping chamber (14);
a piston (15) slidingly mounted within the pumping cham-
ber (14); a cylindrical containing seat (26) which is de-
fined below the pumping chamber (14), has a diameter
larger than the one of the pumping chamber (14) and is
delimited on top by an annular abutment (28) which ex-
ternally has the diameter of the containing seat (26) and
internally has the diameter of the pumping chamber (14);

and a guide bushing (27), which is housed in the con-
taining seat (26) and has an upper surface (30) which
abuts against the annular abutment (28); the upper sur-
face (30) of the guide bushing (27) has a convex shape
having an increasing height from outside to inside; and
the annular abutment (28) has a step (31) against which
the upper surface (30) of the guide bushing (27) rests.



EP 3 088 725 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a fuel pump for
a direct injection system; preferably, the direct injection
system is used in an internal combustion engine with
controlled ignition, and then supplied with petrol or similar
fuels.

PRIOR ART

[0002] A direct injection system comprises a plurality
of injectors, a common rail that supplies the pressurized
fuel to the injectors, a high-pressure fuel pump, which
supplies the fuel to the common rail by means of a high-
pressure supply duct and is provided with a flow-regulat-
ing device, and a control unit which controls the flow-
regulating device to maintain the fuel pressure inside the
common rail at a desired value, generally variable over
time as a function of the engine operating conditions.
[0003] The high-pressure fuel pump described in the
patent application EP2236809A1 comprises a pumping
chamber within which a piston slides with reciprocating
motion, an intake channel controlled by an intake valve
for supplying the low-pressure fuel within the pumping
chamber, and a delivery channel regulated by a delivery
valve for feeding the high-pressure fuel out of the pump-
ing chamber and into the common rail through the supply
duct.
[0004] The pressure of the intake valve is normally con-
trolled and, in the absence of any external intervention,
the intake valve is closed when the fuel pressure in the
pumping chamber is higher than the fuel pressure in the
intake channel, and is open when the fuel pressure in
the pumping chamber is lower than the fuel pressure in
the intake channel. The flow-regulating device is me-
chanically coupled to the intake valve to maintain, when
necessary, the intake valve open during the pumping
phase of the piston, thus allowing a fuel flow to come out
of the pumping chamber through the intake channel. In
particular, the flow-regulating device comprises a control
rod, which is coupled to the intake valve and is movable
between a passive position, where the rod allows the
closing of the intake valve, and an active position, where
the rod does not allow the closing of the intake valve.
The flow-regulating device also comprises an electro-
magnetic actuator, which is coupled to the control rod to
move the control rod between the active position and the
passive position. The electromagnetic actuator compris-
es a spring, which keeps the control rod in the active
position, and an electromagnet that moves the control
rod into the passive position, magnetically attracting a
ferromagnetic anchor integral with the control rod against
a fixed magnetic armature.
[0005] The reciprocating sliding of the piston is guided
by a guide bushing, which is arranged below the pumping
chamber to delimit inferiorly the pumping chamber and

inside which the piston slides. Normally, the guide bush-
ing is fitted in a containing seat, which is formed below
the pumping chamber. The piston guide bushing is sub-
jected to high mechanical stresses, since it must with-
stand the hydraulic thrust generated during pumping,
which acts on the circular crown-shaped surface defined
between the inner diameter and the outer diameter of the
guide bushing; in this regard, there is a significant differ-
ence between the inner diameter and the outer diameter
of the guide bushing (approximately, the inner diameter
is about 7-9 mm, while the outer diameter is about 14-16
mm), and therefore the hydraulic thrust on the guide
bushing is significant.
[0006] The patent application EP1275845 and the pat-
ent application DE102008002170 describe a high-pres-
sure fuel pump provided with a piston sliding with a re-
ciprocating motion within a guide bushing, which is ar-
ranged below the pumping chamber to delimit inferiorly
the pumping chamber.
[0007] Recently, automobile manufacturers have
started to design new petrol-fuelled internal combustion
engines that operate with a petrol injection pressure over
400-500 bars (up to 800 bars) and consequently need
high-pressure fuel pumps, capable of pumping the fuel
under such pressures. The higher the pumping pressure,
the stronger the hydraulic thrust on the piston guide bush-
ing, and therefore the guide bushing must be accordingly
secured in the corresponding containing seat to avoid
that the guide bushing comes out of its seat during pump-
ing. A side calking of the guide bushing in the correspond-
ing containing seat has been proposed to improve the
fastening of the piston guide bushing; however, even with
this expedient, the fuel pump is not able to operate under
pumping pressures higher than 500-600 bars. Conse-
quently, a further increase of the pumping pressure of
the fuel pump necessarily requires some further process-
ing (e.g. welding) to enhance the fastening of the piston
guide bushing; however, such further processing results
in a remarkable cost increase.

DESCRIPTION OF THE INVENTION

[0008] The object of the present invention is to provide
a fuel pump for a direct injection system, said fuel pump
being able to pump fuel at high pressures and being at
the same time easy and economical to produce.
[0009] The present invention accordingly provides a
fuel pump for a direct injection system according to what
claimed by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will now be described
with reference to the accompanying drawings showing a
non-limiting embodiment, in which:

• Figure 1 is a schematic view, with parts removed for
clarity’s sake, of a fuel direct injection system of the
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common rail type;
• Figure 2 is a longitudinal section view, schematic

and with parts removed for clarity’s sake, of a high-
pressure fuel pump for a direct injection system of
Figure 1;

• Figure 3 is a cross-section view, schematic and with
parts removed for clarity’s sake, of the high-pressure
fuel pump of Figure 2;

• Figure 4 is an enlarged view of a detail of Figure 2
showing a piston guide bushing; and

• Figure 5 is an enlarged view of a detail of Figure 4.

PREFERRED EMBODIMENTS OF THE INVENTION

[0011] In Figure 1, the number 1 indicates in its entirety
a fuel direct injection system of the common rail type for
an internal combustion engine.
[0012] The direct injection system 1 comprises a plu-
rality of injectors 2, a common rail 3 that supplies the
pressurized fuel to the injectors 2, a high-pressure pump
4, which feeds the fuel to the common rail 3 by means
of a supply duct 5 and is provided with a flow-regulating
device 6, a control unit 7 that maintains the fuel pressure
inside the common rail 3 at a desired value, generally
variable over time as a function of the engine operating
conditions, and a low-pressure pump 8 which feeds the
fuel from a tank 9 to the high-pressure pump 4 through
a supply duct 10.
[0013] The control unit 7 is coupled to the flow-regu-
lating device 6 to control the flow of the high-pressure
pump 4, to supply, instant by instant, to the common rail
3 the amount of fuel required to obtain the desired pres-
sure value in the common rail 3. In particular, the control
unit 7 regulates the flow rate of the high-pressure pump
4 by means of a feedback control using as a feedback
variable the value of the fuel pressure in the common rail
3, the pressure value being detected in real time by a
pressure sensor 11.
[0014] As shown in Figure 2, the high-pressure pump
4 comprises a main body 12, which has a longitudinal
axis 13 and defines inside it a cylindrical pumping cham-
ber 14. A piston 15 is slidably mounted inside the pump-
ing chamber 14. Moving with a reciprocating motion
along the longitudinal axis 13, the piston 15 causes a
cyclic variation of the volume of the pumping chamber
14. A lower portion of the piston 15 is coupled on one
side to a spring 16, which tends to push the piston 15
toward a position of maximum volume of the pumping
chamber 14, and on the other side to a cam (not shown)
that is brought in rotation by an engine crankshaft to cy-
clically move upwards the piston 15, thus compressing
the spring 16.
[0015] A side wall of the pumping chamber 14 origi-
nates an intake channel 17 that is connected to the low-
pressure pump 8 via the supply duct 10 and is regulated
by an intake valve 18 arranged at the pumping chamber
14. The pressure of the intake valve 18 is normally con-
trolled and, in the absence of any external intervention,

the intake valve 18 is closed when the fuel pressure in
the pumping chamber 14 is higher than the fuel pressure
in the intake channel 17, and is open when the fuel pres-
sure in the pumping chamber 14 is lower than the fuel
pressure in the intake channel 17.
[0016] As shown in Figure 3, a delivery channel 19
originates on a side wall of the pumping chamber 14 and
on the opposite side with respect to the intake channel
17, said channel being connected to the common rail 3
by means of the supply duct 5 and being regulated by a
unidirectional delivery valve 20 which is arranged at the
pumping chamber 14 and allows only a flow of fuel out
of the pumping chamber 14. The pressure of the delivery
valve 20 is controlled and the valve is opened when the
fuel pressure in the pumping chamber 14 is higher than
the fuel pressure in the delivery channel 19, and is closed
when the fuel pressure in the pumping chamber 14 is
lower than the fuel pressure in the delivery channel 19.
[0017] As shown in Figure 2, the flow-regulating device
6 is mechanically coupled to the intake valve 18 to allow
the control unit 7, when necessary, keeping the intake
valve 18 open during a pumping phase of the piston 15
and then to allow a fuel flow going out of the pumping
chamber 14 through the intake channel 17. The flow-
regulating device 6 comprises a control rod 21, which is
coupled to the intake valve 18 and is movable between
a passive position, where it allows the closing of the in-
take valve 18, and an active position, where it does not
allows the closing of the intake valve 18. The flow-regu-
lating device 6 also comprises an electromagnetic actu-
ator 22, which is coupled to the control rod 21 to move
the control rod 21 between the active position and the
passive position.
[0018] As shown in Figure 3, a side wall of the pumping
chamber 14 originates an exhaust channel 23, which
connects the pumping chamber 14 with the delivery
channel 19 and is regulated by a unidirectional maximum
pressure valve 24 allowing only a flow of fuel entering
the pumping chamber 14. The function of the maximum
pressure valve 24 is to allow a fuel outlet in the case
where the fuel pressure in the common rail 3 exceeds a
maximum value set at the design stage (typically in case
of control errors made by the control unit 7); in other
words, the maximum pressure valve 24 is calibrated to
automatically open when the pressure jump at its ends
is higher than a threshold value set in the design phase,
and thus prevent the fuel pressure in the common rail 3
from exceeding the maximum value set in the design
phase.
[0019] As shown in Figure 2, a cylindrical containing
seat 26 housing a guide bushing 27 of the piston 15 is
formed in the main body 12 and below the pumping cham-
ber 14. The guide bushing 27 inferiorly delimits the pump-
ing chamber 14 (i.e. forms a bottom wall of the pumping
chamber 14), and drives the reciprocating axial sliding.
The guide bushing 27 is made of a material having a
suitable hardness and a surface finish to facilitate the
axial sliding of the piston 15. The guide bushing 27 is
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fastened in the containing seat 26 by fitting the guide
bushing 27 in the containing seat 26 or by a side caulking
of the guide bushing 27 in the containing seat 26.
[0020] As shown in Figure 4, the containing seat 26
has a diameter (significantly) larger than the pumping
chamber 14 so that the guide bushing 27 inserted in the
containing seat 26 can inferiorly delimit the pumping
chamber 14. In correspondence of the pumping chamber
14, the containing seat 26 is delimited on top by an an-
nular abutment 28, which externally has the diameter of
the containing seat 26 and internally has the diameter of
the pumping chamber 14. The guide bushing 27 has a
tubular shape and is internally provided with a through
hole 29 slidingly housing the piston 15; the through hole
29 of the guide bushing 27 substantially has the same
diameter of the piston 15 housing the piston 15 with no
appreciable clearance, and therefore has a diameter
smaller than the one of the pumping chamber 14. On top
(namely towards the pumping chamber 14), the guide
bushing 27 has an annular surface 30 which abuts
against the annular abutment 28 of the containing seat
26 and forms the lower delimitation of the pumping cham-
ber 14.
[0021] As shown more clearly in Figure 5, the upper
surface 30 of the guide bushing 27 has a convex shape
having an increasing height from outside to inside; in oth-
er words, the upper surface 30 of the guide bushing 27
is not perfectly parallel to the annular abutment 28 of the
containing seat 26, but has an increasing height from
outside to inside. Therefore, the upper surface 30 of the
guide bushing 27 is bent to be externally lower and in-
ternally higher. Moreover, the annular abutment 28 of the
containing seat 26 has a centrally arranged step 31,
against which a central portion of the upper surface 30
of the guide bushing 27 rests. In other words, the convex
shape of the upper surface 30 of the guide bushing 27
and the step 31 of the annular abutment 28 of the con-
taining seat 26 determine that the contact between the
upper surface 30 of the guide bushing 27 and the annular
abutment 28 of the containing seat 26 occurs always and
only at the step 31 (i.e. at the edge of the step 31) for a
clear geometric constraint.
[0022] This ensures that the hydraulic sealing area of
the guide bushing 27 is always at the step 31 of the shoul-
der 28 rather than at the outer surface of the guide bush-
ing 27; accordingly, the hydraulic thrust generated during
pumping (i.e. the fuel pressure in the pumping chamber
14) acts on the circular crown-shaped surface defined
between the step 31 of the shoulder 28 and the through-
hole 29 instead of, as in a known fuel pump, on the circular
crown-shaped surface defined between the outer diam-
eter and the through hole 29. This causes a substantial
reduction (even larger than 50%) of the surface of the
guide bushing 27 on which the hydraulic thrust (i.e. the
fuel pressure in the pumping chamber 14) generated dur-
ing pumping acts with an analogous reduction of the hy-
draulic thrust on the guide bushing 27 of the piston 15.
In other words, moving the hydraulic sealing area to the

inside (i.e. near the inner diameter of the guide bushing
27 of the piston 15) significantly reduces the surface ex-
posed to the fuel pressure, analogously reducing the hy-
draulic thrust on the guide bushing 27 of the piston 15;
in this way, thanks to a configuration very similar to the
known fuel pumps, the working pressure of the fuel pump
4 can be increased up to very high values (of the order
of magnitude of 1000 bars). According to a preferred em-
bodiment, to guarantee a better hydraulic sealing at the
step 31 of the annular abutment 28 (i.e. to ensure that
the hydraulic sealing completely corresponds to the step
31 of the annular abutment 28 with no significant leak-
age), the guide bushing 27 is fitted in the containing seat
26 and is pushed against the annular abutment 28 with
a force sufficient to cause a plastic deformation in the
contact area of the annular abutment 28 or the upper
surface 30 of the guide bushing 27. Preferably, the guide
bushing 27 is made of a metallic material harder than the
metal material forming the annular abutment 28 (or form-
ing the main body 12 having a housing seat 26) so that
a plastic deformation of the annular abutment 28 (at the
step 31) against the upper surface 30 of the guide bush-
ing 27 occurs in the contact area. Alternatively, the guide
bushing 27 is made of a metallic material less hard than
the metal material forming the annular abutment 28 (or
forming the main body 12 having a housing seat 26) so
that a plastic deformation of the guide bushing 27 (at the
step 31) against the annular abutment 28 occurs in the
contact area.
[0023] The plastic deformation occurring at the step 31
allows to obtain a perfect contact (i.e. with no cracks,
however small) between the upper surface 30 of the
guide bushing 27 28 and the annular abutment of the
containing seat 26. This guarantees an optimal hydraulic
sealing, showing no leakage even at very high fuel pres-
sures (even higher than 1000 bars).
[0024] According to a possible embodiment, the guide
bushing 27 and/or the piston 15 can be made of a ceramic
material, which can have a considerable hardness and
favourable frictional characteristics. In other words, when
the guide bushing 27 and the piston 15 are made of a
ceramic material, the guide bushing 27 is easily harder
than the annular abutment 28 so that a plastic deforma-
tion of the shoulder 28 against the upper annular surface
30 of the guide bushing 27 occurs in the contact area.
Furthermore, when the guide bushing 27 and the piston
15 are made of a ceramic material, a very low friction
between the bushing 27 and the driving piston 15 can be
obtained.
[0025] The high-pressure pump 4 as described above
has numerous advantages.
[0026] First, the aforesaid high-pressure pump 4 can
pump fuel at a pressure above 600-700 bars. Among
other things, this result is obtained thanks to the fact that
the hydraulic thrust on the guide bushing 27 of the piston
15 is significantly limited by moving to the inside the con-
tact point (i.e., the hydraulic sealing area) between the
upper surface 30 of the guide bushing 27 and the annular
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abutment 28 of the containing seat 26.
[0027] Moreover, the aforesaid high-pressure pump 4
is economic and easy to implement, because the chang-
es, compared to a similar known fuel pump, are limited
to two simple mechanical machining steps; substantially,
the upper surface 30 of the guide bushing 27 must be
machined to give a convex shape to the upper surface
30 and the shoulder 28 of the containing seat 26 must
be machined to create the step 31 (both of these machin-
ing steps are simple and, above all, are mainly carried
out on the single parts before they are assembled).

Claims

1. A fuel pump (4) for a direct injection system provided
with a common rail (3); the fuel pump (4) comprises:

a pumping chamber (14) defined in a main body
(12);
a piston (15), which is slidingly mounted inside
the pumping chamber (14) to cyclically vary the
volume of the pumping chamber (14);
an intake channel (17), which originates from a
wall of the pumping chamber (14);
an intake valve (18), which is arranged along
the intake channel (17);
a delivery channel (19), which originates from a
wall of the pumping chamber (14);
a delivery valve (20), which is arranged along
the delivery channel (19);
a cylindrical containing seat (26), which is de-
fined in the main body (12) under the pumping
chamber (14), has a diameter larger than the
diameter of the pumping chamber (14), and is
delimited, on the upper side, by an annular abut-
ment (28), which has, on the outside, the diam-
eter of the containing seat (26) and, on the in-
side, the diameter of the pumping chamber (14);
and
a guide bushing (27), which is housed in the con-
taining seat (26), is centrally provided with a
through hole (29) where the piston (15) is slid-
ingly arranged, and has an upper surface (30),
which abuts against the annular abutment (28)
of the containing seat (26);
wherein the upper surface (30) of the guide
bushing (27) and the annular abutment (28) of
the containing seat (26) are shaped so as to cre-
ate, between them, a hydraulic sealing, which
is formed at a central area of the annular abut-
ment (28);
the fuel pump (4) being characterized in that:

the upper surface (30) of the guide bushing
(27) has a convex shape having an increas-
ing height from outside to inside; and
the annular abutment (28) of the containing

seat (26) has a step (31), which is centrally
arranged and against which a central por-
tion of the upper surface (30) of the guide
bushing (27) rests.

2. A fuel pump (4) according to claim 1, wherein the
guide bushing (27) is fitted in the containing seat (26)
and is pushed against the annular abutment (28) with
a force that is sufficient to determine a plastic defor-
mation in the contact area of the annular abutment
(28) or of the upper surface (30) of the guide bushing
(27).

3. A fuel pump (4) according to claim 2, wherein the
guide bushing (27) is made of a material harder than
the material forming the annular abutment (28), so
that, in the contact area, there is a plastic deformation
of the annular abutment (28) against the upper sur-
face (30) of the guide bushing (27).

4. A fuel pump (4) according to claim 3, wherein the
guide bushing (27) is made of a material less hard
than the material forming the annular abutment (28),
so that, in the contact area, there is a plastic defor-
mation of the upper surface (27) of the guide bushing
(28) against the annular abutment (30).

5. A fuel pump (4) according to any one of claims 1-4,
wherein the guide bushing (27) is made of a ceramic
material.

6. A fuel pump (4) according to any one of claims 1-5,
wherein the piston (15) is made of a ceramic material.
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