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ABSORBER FOR VEHICLES

(57)  An electric pump has a containing tank (4) for
an operating fluid (5), a feeding pump (6) to feed the
operating fluid (5) from the containing tank (4) to a user,
and a hydraulic circuit (7) to connect the containing tank
(4), the feeding pump (6), and the user to one another;
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the containing tank (4) housing, on the inside, a floating
piston (9) designed to divide the containing tank (4) into
a first chamber (10) to contain the operating fluid (5) and
into a second chamber (11) communicating with the out-
side and, hence, at atmospheric pressure.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority from ltal-
ian patentapplication no. 102022000014926 filed on July
15, 2022, the entire disclosure of which is incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to an electric
pump, in particular for operating a lifting cylinder of a
shock absorber for vehicles.

BACKGROUND

[0003] In general, the present invention is particularly
advantageous for application in an electric pump for feed-
ing and operating a hydraulic actuator cylinder of a ve-
hicle.

[0004] In particular, the present invention relates to an
electric pump of the type comprising a containing tank
for an operating fluid, in the case in question oil; a feeding
pump to feed the operating fluid from the containing tank
to a user, in particular the lifting cylinder of the shock
absorber of a vehicle; an electric motor for operating the
feeding pump; and a hydraulic circuit to connect the con-
taining tank, the feeding pump, and the user to one an-
other.

[0005] The containing tank accommodates, on the in-
side, the operating fluid, and is connected to a com-
pressed air pneumatic device designed to feed the op-
erating fluid to the outside of the containing tank.
[0006] Known electric pumps of the type described
above have some problems mainly deriving from the fact
that the containing tank is a pressurized containing tank,
is relatively complex and costly, and requires isolation of
at least part of the electric motor from the operating fluid.
[0007] When the pressurized containing tank is re-
placed with a containing tank with a free surface, known
electric pumps of the type described above have some
problems, mainly deriving from the fact that the use of a
containing tank with a free surface causes problems of
suction of the operating fluid in certain driving conditions
ofthe vehicle and fromthe presence of airin the operating
fluid fed into the hydraulic circuit.

SUMMARY

[0008] The object of the presentinvention is to provide
an electric pump, in particular for operating a lifting cyl-
inder of a shock absorber for vehicles, which solves the
problems described above and which is simple and in-
expensive to implement.

[0009] According to the presentinvention, there is pro-
vided an electric pump, in particular for operating a lifting
cylinder of a shock absorber for vehicles, as claimed in
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the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will now be described
with reference to the accompanying drawings, which
show a non-limiting example of embodiment thereof,
wherein:

Figs. 1, 2, and 3 schematically illustrate a preferred em-
bodiment of the electric pump of the present invention in
four different operating modes.

DESCRIPTION OF EMBODIMENTS

[0011] WithreferencetoFigs. 1,2, and 3, the reference
number 1 indicates, as a whole, an electric pump for op-
erating a lifting cylinder 2, which defines part of a shock
absorber 3 for a vehicle (not illustrated), and allows the
lifting and lowering of a chassis (not illustrated) of the
vehicle (not illustrated) to be selectively controlled.
[0012] The electric pump 1 comprises a containing
tank 4 for an operating fluid 5, in this case oil, of the
cylinder 2; a feeding pump 6 to feed the operating fluid
from the tank 4 to the cylinder 2; and a hydraulic circuit
7 to connect the tank 4, the pump 6, and the cylinder 2
to one another.

[0013] The tank 4 comprises a container 8 and a float-
ing piston 9 made of a plastic material.

[0014] The piston 9 is mounted inside the container 8,
is coupled in a fluid-tight manner with the container 8
through an annular gasket (not illustrated) mounted on
the piston 9, and defines inside the container 8 a first
variable volume chamber 10 containing the fluid 5 and a
second variable volume chamber 11, communicating
with the outside through a vent valve (not illustrated) de-
signed to keep the chamber 11 at atmospheric pressure.
[0015] The tank 4 is further provided with a detection
device 12 to detect the position of the piston 9 along the
container 8.

[0016] In this case, the device 12 comprises at least
one magnet 13 fixed to the piston 9 and a linear position
sensor 14, which is mounted on the container 8, extends
along the container 8, and cooperates with the magnet
13 to detect the position of the magnet 13 and, hence,
of the piston 9 along the container 8.

[0017] The pump 6 is a two-way gear pump configured
to rotate both in clockwise and in counter-clockwise di-
rection.

[0018] The hydraulic circuit 7 comprises a first branch
15 and a second branch 16 mounted in parallel with each
other between the tank 4 and the pump 6 and each pro-
vided with a respective suction valve 17, in particular a
non-return valve.

[0019] Opening of the valves 17 and, hence, flow of
the operating fluid along the branches 15, 16 are control-
led selectively according to the direction of rotation of the
pump 6.

[0020] The circuit 7 further comprises a third branch



3 EP 4 306 800 A1 4

18 to connect the pump 6 and a branch 19 for inflow of
the fluid 5 into the lifting cylinder 2 to one another; a fourth
branch 20 to connect the first branch 15 and the third
branch 18 to one another; and a fifth branch 21 to connect
the tank 4 and the third branch 18 to one another.
[0021] The fourth branch 20 is connected to the first
branch 15 downstream of the relative suction valve 17 in
a flowing direction 22 of the fluid 5 from the tank 4 to the
pump 6 along the first branch 15.

[0022] The fifth branch 21 is connected to the third
branch 18 downstream of the fourth branch 20 in aflowing
direction 23 of the fluid 5 from the pump 6 to the shock
absorber 3 along the third branch 18, and is also con-
nected to the second branch 16 upstream of the relative
suction valve 17 in a flowing direction 24 of the fluid 5
from the tank 4 to the pump 6 along the second branch 16.
[0023] The circuit 7 further comprises a valve device
25, which is mounted between the third branch 18 and
the fourth branch 20, and is provided with a slide valve
26 and with a spring 27 designed to move, and normally
maintain, the slide valve 26 in a first operating position
(Fig. 1), in which the slide valve 26 allows the fluid 5 to
flow from the pump 6 to the cylinder 2 and prevents the
fluid 5 from flowing from the cylinder 2 to the pump 6.
[0024] The slide valve 26 is movable, due to the thrust
of the fluid 5 fed by the pump 6 along the fourth branch
20 and against the action of the spring 27, from the first
operating position to a second operating position (Fig.
2), in which the slide valve 26 allows the fluid 5 to flow
from the cylinder 2 to the pump 6.

[0025] The circuit 7 is further provided with a solenoid
valve 28, which is mounted along the fifth branch 21, and
comprises a slide valve 29 and a spring 30 designed to
move, and normally maintain, the slide valve 29 in a clos-
ing position of the fifth branch 21 (Figs. 1 and 2).
[0026] The solenoid valve 28 is electrically powered to
move the slide valve 29 against the action of the spring
30 from the closing position to an opening position of the
fifth branch 21, in which the fluid 5 flows from the cylinder
2 to the tank 4 (Fig. 3).

[0027] The circuit 7 further comprises a maximum
pressure valve 31 mounted between the third branch 18
and the fifth branch 21 and connected to the third branch
18 downstream of the fourth branch 20 in the flowing
direction 23 of the fluid 5 from the pump 6 to the cylinder 2.
[0028] The circuit 7 further comprises a sixth branch
32, which connects the fourth branch 20 and the first
branch 15 to one another, and is connected to the first
branch 15 upstream of the relative suction valve 17 in
the flowing direction 22 of the fluid 5 from the tank 4 to
the pump 6 along the first branch 15.

[0029] Thecircuit7 is further provided with a discharge
valve 33, which is mounted along the sixth branch 32 to
allow the fluid 5 to flow back to the tank 4, and has an
opening pressure that is smaller than an opening pres-
sure of the maximum pressure valve 31.

[0030] The setting of the opening pressure of the valve
33 depends on the maximum pressure in the branch 19
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and in the branch 18 between the valve device 25 and
the valve 34 and on the pilot ratio (ratio of the hydraulic
thrust area) of the valve device 25 between the branch
18 and the branch 20.

[0031] The circuit 7 finally comprises a mechanical
coupling valve 34 designed to connect the third branch
18 and, hence, the electric pump 1 to the branch 19 for
inflow of the fluid 5 into the cylinder 2.

[0032] Following connectiontothe branch 19, the valve
34 is moved and maintained in an opening position, in
which the valve 34 allows transfer of the fluid 5 between
the third branch 18 and the branch 19.

[0033] The electric pump 1 has four different operating
modes, which shall now be described with reference to
Figs. 1, 2, and 3 and starting from an instant in which the
valve device 25 is arranged in its first operating position
and the solenoid valve 28 is arranged in its closing posi-
tion.

[0034] With reference to Fig. 1, according to a first op-
erating mode used to feed the fluid 5 to the cylinder 2
and, hence, lift the chassis (not illustrated) of the vehicle
(not illustrated), the pump 6 is operated counter-clock-
wise so as to allow:

the vacuum pressure generated by the pump 6 to
open the valve 17 of the first branch 15 and to draw
the fluid 5 into the pump 6; and

the difference in pressure between the chamber 11
and the chamber 10 to maintain the piston 9 in con-
tact with the fluid 5 and to facilitate suction of the
pump 6.

[0035] The fluid 5 is pressurized by the pump 6 and
fed along the third branch 18, through the valve 34, and
to the cylinder 2 and allows the suction valve 17 of the
second branch 16 to be maintained closed.

[0036] In a second operating mode illustrated in Fig. 1
and used to block the chassis (not illustrated) of the ve-
hicle (not illustrated) in a raised position, the pump 6 is
deactivated, return of the pressurized fluid 5 fed to the
cylinder 2 is prevented both by the valve device 25, and
by the solenoid valve 28, and the pressurized fluid 5 is
contained between the cylinder 2, the valve device 25,
and the solenoid valve 28.

[0037] According to a third operating mode illustrated
in Fig. 2 and used to lower the chassis (not illustrated)
of the vehicle (notillustrated) with a relatively low descent
speed depending on the rotation speed of the pump 6,
the pump 6 is operated clockwise so as to allow:

the vacuum pressure generated by the pump 6 to
open the valve 17 of the second branch 16 and to
draw the fluid 5 into the pump 6; and

the difference in pressure between the chamber 11
and the chamber 10 to maintain the piston 9 in con-
tact with the fluid 5 and to facilitate suction of the
pump 6.
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[0038] The pressurized fluid 5 is fed by the pump 6
along the fourth branch 20, allows the suction valve 17
of the first branch 15 to be maintained closed, and also
allows the slide valve 26 of the valve device 25 to move
from its first operating position into its second operating
position.

[0039] Once the slide valve 26 has been moved into
its second operating position, the fluid 5 is fed firstly from
the cylinder 2 to the pump 6 along the third branch 18
and then from the pump 6 into the fourth branch 20 so
as to open the discharge valve 33 and flow back once
again into the tank 4.

[0040] In this regard it should be specified that the dis-
charge valve 33 is configured so as to avoid instability
and noise generated by discharge of the fluid 5 into the
tank 4.

[0041] Accordingto afourth operating mode illustrated
in Fig. 3 and used to lower the chassis (not illustrated)
of the vehicle (not illustrated) with a relatively high de-
scent speed, the pump 6 is deactivated, the slide valve
26 for distribution of the valve device 25 is moved again
by the spring 27 into its first operating position so as to
prevent the fluid 5 from flowing back into the pump 6
along the third branch 18, and the solenoid valve 28 is
activated and moved into its opening position so as to
allow the fluid 5 to flow back from the cylinder 2 into the
tank 4 along the fifth branch 21.

[0042] The electric pump 1 has some advantages
mainly deriving from the fact that:

the piston 9 is moved along the tank 4 only by a force
generated by the combination of the suction pres-
sure acting in the chamber 10 with the atmospheric
pressure acting in the chamber 11 and without re-
quiring any auxiliary thrust device, such as a spring;
the containing tank 4 at atmospheric pressure is rel-
atively simple and inexpensive;

the fluid-tight coupling of the floating piston 9 with
the container 8 allows elimination of the presence of
air in the chamber 10 and, hence, in the fluid 5;

the detection device 12 allows detection of the posi-
tion of the floating piston 9, the volume of fluid 5
contained in the tank 4, and, hence, the stroke of the
lifting cylinder 2 of the shock absorber 2;

the solenoid valve 28 is normally arranged in its clos-
ing position and is only electrically powered in the
operating mode used to lower the chassis (notillus-
trated) of the vehicle (not illustrated) with a relatively
high descent speed;

the raised position of the chassis (not illustrated) of
the vehicle (not illustrated) is maintained in a rela-
tively simple manner by deactivating the pump 6 and
the solenoid valve 28; and

the descent speed of the chassis (not illustrated) of
the vehicle (not illustrated) in the aforesaid third op-
erating mode is controlled selectively in a relatively
simple and inexpensive manner by means of the ro-
tation speed of the pump 6.
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Claims

1. - An electric pump, in particular for operating a lifting
cylinder (2) of a shock absorber (3) for vehicles, com-
prising a containing tank (4) for an operating fluid
(5); a feeding pump (6) to feed the operating fluid (5)
from the containing tank (4) to a user, in particular
the lifting cylinder (2) of the shock absorber (3) for
vehicles; and a hydraulic circuit (7) to connect the
containing tank (4), the feeding pump (6) and the
user to one another; and characterized in that the
containing tank (4) accommodates, on the inside, a
floating piston (9) designed to divide the containing
tank (4) into a first chamber (10) to contain the op-
erating fluid (5) and a second chamber (11) commu-
nicating with the outside and, hence, at atmospheric
pressure.

2. - The electric pump according to claim 1, wherein

the floating piston (9) is provided with a gasket to be
coupled to the containing tank (4) in a fluid-tight man-
ner and to divide said first and second chamber (10,
11) from one another in a fluid-tight manner.

3. - The electric pump according to claim 1 or 2 and

further comprising a detection device (12) to detect
the position of the floating piston (9) along the con-
taining tank (4).

4. - The electric pump according to claim 3, wherein

the detection device (12) comprises at least one
magnet (13) mounted on the floating piston (9) and
a linear position sensor (14) mounted on the con-
taining tank (4) and associated with the magnet (13).

5. -The electric pump according to any one of the pre-
ceding claims, wherein the containing tank (4) and/or
the floating piston (9) are made of a plastic material.

6. - The electric pump according to any one of the pre-
ceding claims, wherein the hydraulic circuit (7) com-
prises a first branch (15) and a second branch (16),
which are mounted in parallel to one another be-
tween the containing tank (4) and the feeding pump
(6) and are each provided with a respective suction
valve (17), in particular a non-return valve; the feed-
ing pump (6) being a two-way feeding pump to se-
lectively control the suction of the operating fluid (5)
along one of said first and second branch (15, 16).

7. - The electric pump according to claim 6, wherein
the hydraulic circuit (7) further comprises a third
branch (18) to connect the feeding pump (6) and the
user to one another, a fourth branch (20) to connect
the first branch (15) and the third branch (18) to one
another, and a fifth branch (21) to connect the con-
taining tank (4) and the third branch (18) to one an-
other.
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- The electric pump according to claim 7, wherein
the fourth branch (20) is connected to the first branch
(15) downstream of the relative suction valve (17) in
a flowing direction (22) of the operating fluid (5) from
the containing tank (4) to the feeding pump (6) along
the first branch (15).

- The electric pump according to claim 7 or 8, wherein
the fifth branch (21) is connected to the third branch
(18) downstream ofthe fourth branch (20)in aflowing
direction (23) of the operating fluid (5) from the feed-
ing pump (6) to the user along the third branch (18)
and is further connected to the second branch (16)
upstream of the relative suction valve (17) in a flow-
ing direction (24) of the operating fluid (5) from the
containing tank (4) to the feeding pump (6) along the
second branch (16).

- The electric pump according to any one of the
claims from 7 to 9, wherein the hydraulic circuit (7)
further comprises a valve device (25) mounted be-
tween the third branch (18) and the fourth branch
(20) and provided with a slide valve (26), which is
normally arranged in a first operating position, in
which the slide valve (26) allows the operating fluid
(5) to flow from the feeding pump (6) to the user and
prevents the operating fluid (5) from flowing from the
user to the feeding pump (6), and is movable, due
to the thrust of the operating fluid (5) fed by the feed-
ing pump (6) along the fourth branch (20), to a sec-
ond operating position, in which the slide valve (26)
allows the operating fluid (5) to flow from the user to
the feeding pump (6).

- The electric pump according to any one of the
claims from 7 to 10, wherein the hydraulic circuit (7)
further comprises a solenoid valve (28), which is
mounted along the fifth branch (21), is normally ar-
ranged in a closing position closing the fifth branch
(21) and is operated so as to move to an opening
position opening the fifth branch (21) in order to allow
the operating fluid (5) to flow from the user to the
containing tank (4).

- The electric pump according to any one of the
claims from 7 to 11, wherein the hydraulic circuit (7)
further comprises a maximum pressure valve (31)
mounted between the third branch (18) and the fifth
branch (21) and connected to the third branch (18)
downstream of the fourth branch (20) in the flowing
direction (23) of the operating fluid (5) from the feed-
ing pump (6) to the user along the third branch (18).

- The electric pump according to any one of the
claims from 7 to 12, wherein the hydraulic circuit (7)
further comprises a sixth branch (32) to connect the
fourth branch (20) and the first branch (15) to one
another; the sixth branch (32) being connected to
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14.

15.

16.

the first branch (15) upstream of the relative suction
valve (17) in the flowing direction (22) of the operat-
ing fluid (5) from the containing tank (4) to the feeding
pump (6) along the first branch (15).

- The electric pump according to claim 13, wherein
the hydraulic circuit (7) further comprises a discharge
valve (33) mounted along the sixth branch (32) in
order to allow the operating fluid (5) to flow back to
the containing tank (4).

- The electric pump according to claim 14, when it
depends on claim 12, wherein the discharge valve
(33) has an opening pressure that is smaller than an
opening pressure of the maximum pressure valve
(31), in particular dependent on the maximum pres-
sure in the third branch (18) downstream of the valve
device (25) in the flowing direction (23) of the oper-
ating fluid (5) from the feeding pump (6) to the user
and on the pilot ratio of the valve device (25) between
the third branch (18) and the fourth branch (20).

- The electric pump according to any one of the pre-
ceding claims, wherein the floating piston (9) is con-
figured to move inside the containing tank (4) only
under the thrust of a force generated by the combi-
nation of suction pressure acting in the first chamber
(10) with the atmospheric pressure acting in the sec-
ond chamber (11).
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