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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a fuel pump for
an internal combustion engine.

BACKGROUND ART

[0002] In an internal combustion engine at least one
fuel pump is present which has the function of feeding
the fuel from a tank to an injection system. Moreover, a
modern internal combustion engine with direct injection
of the fuel comprises both a low pressure fuel pump po-
sitioned in correspondence with the petrol tank and a
successive high pressure fuel pump positioned inside
the engine compartment.

[0003] A low pressure fuel pump normally comprises
an electric motor, which operates the pump itself; this
construction solution simplifies the positioning and the
fitting of the fuel pump inside the fuel tank, but is also
bulky and heavy due to the presence of the electric motor.
[0004] Normally, a high pressure fuel pump comprises
at least one cylinder equipped with a piston mechanically
operated by the engine shaft in order to have a recipro-
cating motion inside said cylinder; a monodirectional inlet
valve, which allows the fuel to flow into the cylinder, and
a monodirectional outlet valve, which allows the fuel to
flow out of the cylinder are positioned on the top of the
cylinder.

[0005] These high pressure fuel pumps must be me-
chanically connected to the engine shaft, in order to re-
ceive from the engine itself the reciprocating motion re-
quired for the movement of the piston; this condition in-
evitably leads to rigid limits to the positioning of the fuel
pump inside the engine compartment. Moreover, the pis-
ton generally effects one cycle (i.e. one intake stroke and
one pumping stroke) every two rotations of the engine
shaft; consequently, the pressure of the fuel downstream
the fuel pump presents oscillations of considerable width,
while for the correct operation of the injection system it
is important for the pressure level of the fuel downstream
the fuel pump to be as equal as possible to a desired
value generally variable over time.

[0006] In order to reduce the pressure oscillations of
the fuel downstream the fuel pump, it is possible to in-
crease the number of cylinders of the fuel pump itself
(using two, three or four cylinders); however this solution,
although simple to construct, involves a substantial in-
crease in costs and in the dimensions of the fuel pump.
Alternatively, it is possible to increase the speed of the
piston so that the piston performs a complete cycle with
every rotation of the engine shaft; nonetheless, to make
the piston of the fuel pump perform one cycle for every
rotation of the engine shaft, instead of one cycle for every
two rotations of the engine shaft, entails a double in the
average speed of the piston itself with evident problems
of mechanical resistance and reliability over time.
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[0007] According to one embodiment, the high pres-
sure fuel pump is sized to feed in all operating conditions
a quantity of fuel in excess of the effective consumption,
and downstream the fuel pump there is a pressure reg-
ulator that maintains the pressure level of the fuel equal
to a desired value discharging the excess fuel towards a
recirculation channel which returns the excess fuel to the
tank. In this case, the fuel pump must be sized to feed a
quantity of fuel equal to the maximum possible consump-
tion; however, this condition of maximum possible con-
sumption rarely occurs, and in all the remaining operating
conditions the quantity of fuel fed to the fuel pump is much
greater than the effective consumption and, therefore, a
considerable part of this fuel must be discharged by the
pressure regulator in the tank. It is evident that the work
carried out by the fuel pump in pumping the fuel that is
subsequently discharged by the pressure regulator is
"useless" work, therefore the system presents very low
energetic efficiency. Moreover, the fuel tends to over-
heat, since when the excess fuel is discharged by the
pressure regulator in the recirculation channel, the fuel
itself moves from very high pressure to substantially en-
vironmental pressure and the effect of this leap in pres-
sure is a tendence to increase the temperature of the
fuel. Finally, the pressure regulator and the recirculation
channel connected to the pressure regulator are fairly
bulky.

[0008] To solve the problems described above, a so-
lution has been proposed of the type presented in the
patent application EP-0481964-A1, which describes the
use of a high pressure, variable flow fuel pump capable
of feeding only the quantity of fuel required to maintain
the pressure of the fuel downstream the fuel pump at an
average equal to the desired value; in particular, the fuel
pump is equipped with an electromagnetic actuator ca-
pable of varying the capacity of the fuel pump from mo-
ment to moment, instantly varying the moment of closure
of the inlet valve of the fuel pump itself (the flow is de-
creased delaying the moment of closure of the intake
valve and is increased anticipating the moment of closure
of the inlet valve).

[0009] However, the variable flow high pressure fuel
pumps of the type described above are particularly com-
plex and expensive due to the presence of the electro-
magnetic actuator and the electronics for piloting and
control thereof. Moreover, there is a continual alternation
of fuel entering and leaving the cylinder through the inlet
valve and this continual alternate stream of fuel entering
and leaving clearly entails waste of part of the energy
used by the pump.

DISCLOSURE OF INVENTION

[0010] Itis the object of the present invention to make
a fuel pump for an internal combustion engine, said fuel
pump being free from the shortcomings described above
and, in particular, being easy and inexpensive to pro-
duce.
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[0011] According to the present invention a fuel pump
is made for an internal combustion engine according to
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will now be described
with reference to the attached drawings, which show a
preferred non-limitative embodiment thereof, in which:

- figure 1 is a schematic side section of a fuel pump
made in accordance with the present invention; and

- figure 2 is a schematic view with some details re-
moved for clarity of a component of the fuel pump in
figure 1.

PREFERRED EMBODIMENTS OF THE INVENTION

[0013] Infigure 1, itis indicated as a whole by 1 a fuel
pump for an internal combustion chamber. The fuel pump
1 comprises a pumping chamber 2 with variable volume,
a monodirectional inlet valve 3, communicating with the
pumping chamber 2 and a monodirectional outlet valve
4 communicating with the pumping chamber 2. The
pumping chamber 2 is contained inside a rigid open con-
tainer 5 and is delimited by a flexible membrane 6, which
is connected to the rigid container 5 and is made of hy-
perelastic or rigid polymeric material; moreover the flex-
ible membrane 6 is equipped with an actuating device 7
that acts on the flexible membrane 6 to cyclically vary
the volume of the pumping chamber 2 and therefore ac-
tuating the fuel pumping.

[0014] The actuator device 7 comprises a shape mem-
ory material 8 that modifies its geometry upon application
of an external influence of a physical nature and is me-
chanically coupled with the flexible membrane 6, and a
piloting device 9 to cyclically apply an external influence
of a physical nature to the shape memory material 8.
[0015] The shape memory material 8 is a Shape Mem-
ory Alloy (SMA) capable of changing its physical charac-
teristics upon application of an external influence of a
physical nature; in particular metal alloys are used (for
example nickel-titanium or a copper-based alloy) capa-
ble of changing its dimensions upon application of heat.
In other words, the variation of the geometry of the shape
memory material 8 is obtained by heating (i.e. by raising
the temperature) of the shape memory material 8 itself.
[0016] At room temperature, the shape memory ma-
terial 8 is of a given length, while when the temperature
of the shape memory material 8 exceeds a set temper-
ature threshold (depending on the chemical-physical
characteristics of the material), the shape memory ma-
terial 8 shortens by a predetermined quantity (depending
on the chemical-physical characteristics of the material)
generating a reduction in the distance existing between
the extremities of the shape memory material 8 itself.
Preferably, the shape memory material 8 is "two-way",
i.e. it shortens when heated and lengthens spontaneous-
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ly returning to its initial size when cooled.

[0017] The shape memory material 8 is filiform and
extends along the entire length of the flexible membrane
6; in particular a plurality of wires is envisaged, which are
made of the shape memory material 8 and are uniformly
distributed along the flexible membrane 6. Upon appli-
cation of an external influence of a physical nature the
shape memory material 8 contracts, shortening and con-
sequently deforming the flexible membrane 6 and there-
fore varying the volume of the pumping chamber 2.
[0018] According to a preferred embodiment, the pilot-
ing device 9 applies heat to modify the geometry of the
shape memory material 8 and, in particular, the piloting
device 9 circulates an electric current through the shape
memory material 8 to heat the shape memory material 8
itself by Joule effect. According to a different embodiment
(not shown), the heating of the shape memory material
8 occurs by means of a phenomenon of magnetic or elec-
tromagnetic nature, or the shape memory material 8 is
heated by a hot fluid.

[0019] Preferably, the shape memory material 8 is bur-
ied in the flexible membrane 6; in particular the flexible
membrane 6 is made of pressed plastic material and the
shape memory material 8 is co-pressed inside the flexible
membrane 6.

[0020] Inuse,the shape memory material 8 is cyclically
crossed by an impulsive electric current, which by the
Joule effect determines the heating of the shape memory
material 8 itself; following the heating, the shape memory
material 8 contracts, shortening and determining a de-
formation of the flexible membrane 6 which causes a
variation in the volume of the pumping chamber 2. Once
the deformation of the flexible membrane 6 occurs, the
electric current passing through the shape memory ma-
terial 8 is interrupted and the shape memory material 8
itself cools returning to its original length and determining
a new deformation in the flexible membrane 6 equal and
opposite to the previous deformation. The cyclical alter-
nation of the deformations of the flexible membrane 6
determines a cyclical variation in the volume of the pump-
ing chamber 2 and therefore actuates the fuel pumping.
[0021] Regulating the frequency and/or the intensity
of the physical influence applied to the shape memory
material 8 it is possible to regulate the average capacity
of the fuel pump 1 in an extremely simple and precise
manner; in particular by increasing the frequency and/or
intensity of the physical influence applied to the shape
memory material 8 the average capacity of the fuel pump
1 is increased and vice versa.

[0022] It is important to stress that the cooling of the
shape memory material 8 is due to thermal conduction,
since the shape memory material 8 transmits the heat to
the surrounding flexible membrane 6, which is main-
tained at room temperature by the fuel that continually
flows through the pumping chamber 2 and which wets
an internal wall 10 of the flexible membrane 6 itself.
[0023] According to another embodiment (not shown),
the fuel pump 1 comprises a plurality of pumping cham-
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bers 2; moreover, one pumping chamber 2 could com-
prise two or more flexible membranes 6, each of which
is coupled with a corresponding actuator device 7.
[0024] As previously mentioned, the shape memory
material 8 is "two-way", i.e. it shortens when heated and
lengthens spontaneously returning to its original dimen-
sions when cooled. Alternatively, the shape memory ma-
terial 8 could be "one-way", i.e. it shortens when heated,
but does not lengthen spontaneously returning to its orig-
inal dimensions when cooled; in this case the lengthening
of the shape memory material 8 when cooled is deter-
mined by the force of the spring-back of the flexible mem-
brane 6.

[0025] The fuel pump 1 described above presents nu-
merous advantages, since it is simple and easy to con-
struct and has at the same time a highly reduced size
and a high level of energetic efficiency. The actuation of
the fuel pump 1 described above is completely independ-
ent from the motion of the engine shaft and therefore the
positioning and the fitting of the fuel pump 1 itself is ex-
tremely simple. The fuel pump 1 described above may
be activated with a very higher frequency than the rotation
of the engine shaft; therefore the pressure of the fuel
downstream the fuel pump 1 presents extremely limited
oscillations. Finally, by regulating the frequency and/or
intensity of the physical influence applied to the shape
memory material 8 it is possible to regulate the average
capacity of the fuel pump 1 in an extremely simple and
precise manner.

[0026] It is important to stress that the fuel pump 1
described above can be used both as a low pressure fuel
pump and as a high pressure fuel pump.

Claims

1. A fuel pump (1) for an internal combustion engine;
the fuel pump (1) comprising:

at least one pumping chamber (2) with variable
volume;

at least one inlet valve (3) communicating with
the pumping chamber (2);

at least one outlet valve (4) communicating with
the pumping chamber (2);

at least one flexible membrane (6) that delimits
the pumping chamber (2); and

an actuating device (7) that acts on the flexible
membrane (6) to cyclically vary the volume of
the pumping chamber (2);

the fuel pump (1) is characterised in that the
actuating device (7) comprises:

at least one shape memory material (8) that
modifies its geometry upon application of
an external influence of a physical nature
and is mechanically coupled with the flexi-
ble membrane (6); and

10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

a piloting device (9) to cyclically apply an
external influence of a physical nature to the
shape memory material (8).

A fuel pump (1) according to claim 1, wherein the
shape memory material (8) is buried inside the flex-
ible membrane (6).

A fuel pump (1) according to claim 2, wherein the
flexible membrane (6) is made of pressed plastic ma-
terial and the shape memory material (8) is co-
pressed with the flexible membrane (6).

A fuel pump (1) according to claim 1, 2 or 3, wherein
the shape memory material (8) is filiform and extends
along the entire length of the flexible membrane (6) .

A fuel pump (1) according to claim 4, wherein a plu-
rality of wires are envisaged, which are composed
of the shape memory material (8) and are uniformly
distributed along the flexible membrane (6).

A fuel pump (1) according to any of claims from 1 to
5, wherein the piloting device (9) applies heat to mod-
ify the geometry of the shape memory material (8).

A fuel pump (1) according to claim 6, wherein the
piloting device (9) circulates an electric current
through the shape memory material (8) to heat the
shape memory material (8) itself by Joule effect.

A fuel pump (1) according to any of the claims from
1 to 7, wherein the shape memory material (8) con-
tracts and shortens upon application of an external
influence of a physical nature.

A fuel pump (1) according to any of the claims from
1 to 8, wherein the flexible membrane (6) is made of
hyperelastic material.

A fuel pump (1) according to any of the claims from
1 to 8, wherein the flexible membrane (6) is made of
rigid polymeric material.

A fuel pump (1) according to any of the claims from
1 to 10, wherein an internal wall (10) of the flexible
membrane (6) is wet by the fuel that flows through
the pumping chamber (2).

A fuel pump (1) according to any of the claims from
1 to 11, wherein the shape memory material (8) is
"two-way".

A fuel pump (1) according to any of the claims from
1to 12, wherein the pumping chamber (2) is defined
inside arigid open container (5) to which the flexible
membrane (6) is connected.
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14. A fuel pump (1) according to any of the claims from

1 to 13, wherein the piloting device (9) varies the

frequency and/or the intensity of the physical influ-

ence applied to the shape memory material (8) in

order to regulate the average capacity of the fuel 5

pump (1) itself.

10

15

20

25

30

35

40

45

50

55



EP 1 813 803 A1




EP 1 813 803 A1

S _ Fig 2



=

EPO FORM 1503 03.82 (P04C01)

D)

EP 1 813 803 A1

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 06 42 5042

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

D,Y

EP 1 460 260 A (SOFABEX)

22 September 2004 (2004-09-22)

* column 4, paragraph 21; figure 2 *

US 4 846 119 A (GEYER ET AL)

11 July 1989 (1989-07-11)

* abstract *

US 3 606 592 A (JOSEPH P. MADURSKI ET AL)
20 September 1971 (1971-09-20)

* column 2, Tines 9-43; figures 1-3 *
PATENT ABSTRACTS OF JAPAN

vol. 010, no. 277 (M-519),

19 September 1986 (1986-09-19)

& JP 61 098980 A (HITACHI LTD),

17 May 1986 (1986-05-17)

* abstract *

PATENT ABSTRACTS OF JAPAN

vol. 2000, no. 20,

10 July 2001 (2001-07-10)

& JP 2001 073906 A (NISSAN MOTOR CO LTD),
21 March 2001 (2001-03-21)

* abstract *

PATENT ABSTRACTS OF JAPAN

vol. 2002, no. 04,

4 August 2002 (2002-08-04)

& JP 2001 336443 A (NISSAN MOTOR CO LTD),
7 December 2001 (2001-12-07)

* abstract *

PATENT ABSTRACTS OF JAPAN

vol. 013, no. 446 (M-877),

6 October 1989 (1989-10-06)

& JP 01 170776 A (MITSUBISHI MOTORS CORP),
5 July 1989 (1989-07-05)

* abstract *

The present search report has been drawn up for all claims

1-14

1-14

1-14

1-14

1-14

1-14

1-14

INV.

FO2M59/14
FO2M37 /04
F04B43/00

TECHNICAL FIELDS
SEARCHED (IPC)

FO2M
Fo4B

Place of search

Munich

Date of completion of the search

5 July 2006

Examiner

Etschmann, G

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding




EPO FORM P0459

EP 1 813 803 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 06 42 5042

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

05-07-2006
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1460260 A 22-09-2004  CN 1532401 A 29-09-2004
FR 2852635 Al 24-09-2004
US 4846119 A 11-07-1989 DE 3727267 Al 23-02-1989
JP 1073164 A 17-03-1989
SE 467751 B 07-09-1992
SE 8802833 A 16-02-1989
US 3606592 A 20-09-1971  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82



EP 1 813 803 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e EP 0481964 A1[0008]

10



	bibliography
	description
	claims
	drawings
	search report

