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(54) PRESSURE CONTROL OF HYDRAULIC SYSTEM WITH ELECTRIC MOTOR

(57) The present invention relates to a hydraulic sys- control unit (50) configured to provide a desired motor

tem (1), wherein the system comprises a hydraulic device
(10), a hydraulic pump (20) in fluid connection with the
pressure chamber of the hydraulic device, an electric mo-
tor (30) arranged to drive the hydraulic pump, and a motor
drive unit (40) configured to control the operation of the
electric motor. The hydraulic system further comprises a
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torque value to the motor drive unit. The motor drive unit
is configured to control the operation of the electric motor
to a desired torque based on the desired motor torque
value. The present invention further relates to a method
of controlling pressure in a hydraulic device (10) in a hy-
draulic system (1).
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Description
Technical Field

[0001] The present disclosure relates to a hydraulic
system, and especially to an arrangement of pressure
control in the hydraulic system.

Background

[0002] In a hydraulic system, a hydraulic device, such
as a hydraulic cylinder, is controlled by a hydraulic pump,
driven by an electric motor, in fluid connection via a pipe
with a pressure chamber of the hydraulic cylinder. The
pump may increase the pressure in the pressure cham-
ber, and thereby moving the cylinder piston.

[0003] In one conventional solution, a pressure valve
is arranged on the pipe between the hydraulic pump and
the hydraulic cylinder. The pressure valve may be con-
trolled to open and thereby release pressure in the pipe
and the connected pressure chamber. The pressure
valve may for instance be controlled to open when the
pressure in the pipe reaches a predetermined threshold.
The pressure in the pressure chamber of the hydraulic
cylinder may thereby be controlled using the pressure
valve. Such system using a pressure valve to control the
pressure is however limited in the control of the pressure.
[0004] One solution offering further controlling func-
tionsis disclosed in EP1882534, wherein a pressure sen-
sor is arranged to detect the pressure in the pressure
chamber of the hydraulic cylinder. The detected pressure
is compared to a predetermined desired pressure, and
the motor/pump is controlled to increase or decrease the
pressure to reach the desired pressure. Such system is
however slow and complicated, which may further affect
the accuracy of the pressure control.

[0005] Consequently, there is a need for a hydraulic
system with a faster and more accurate pressure control.

Summary

[0006] Itis an object of the presentinvention to provide
an improved solution that alleviates the mentioned draw-
backs with present devices. The invention is defined by
the appended independent claims, with embodiments
being set forth in the appended dependent claims, in the
following description and in the drawings.

[0007] According to a first aspect of the presentinven-
tion, a hydraulic system is provided, wherein the system
comprises a hydraulic device, a hydraulic pump in fluid
connection with the hydraulic device, an electric motor
arranged to drive the hydraulic pump, and a motor drive
unit configured to control the operation of the electric mo-
tor. The hydraulic system further comprises a control unit
configured to provide a desired motor torque value to the
motor drive unit. The motor drive unit is configured to
control the operation of the electric motor to a desired
torque based on the desired motor torque value.
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[0008] By controlling the torque of the electric motor to
a desired motor torque value to control the pressure in
the system, a very fast and accurate pressure control
may be provided. One reason this may be provided is
thatitis less complex, since no external pressure sensors
or load cells for feedback is needed. The present inven-
tion may further not give any extra load to the control
system.

[0009] The presentinvention provides a single control
loop in which the control unit may provide a desired motor
torque value. The desired motor torque value may cor-
respond to a desired pressure value in the hydraulic de-
vice. The desired motor torque value may be used by the
motor drive unit as a reference value toward which the
torque of the electric motor may be controlled. This may
be controlled by the motor drive unit by controlling the
current, torque or other parameters to the electric motor.
By controlling the torque of the electric motor, the pres-
sure provided by the hydraulic pump may be controlled.
An increased set pressure may provide an increased
torque in the electric motor. Hence, if the desired motor
torque value received by the motor drive unit is greater
thanthe presenttorque, the motordrive unitmay increase
the current to the electric motor to increase the torque.
This may consequently increase the pressure in the hy-
draulic device following an increased speed of the pump.
A decreased set pressure may provide a decreased
torque in the servo motor. Hence, if the desired motor
torque value received by the motor drive unit is less than
the present torque, the motor drive unit may decrease
the current to the servo motor to decrease the torque.
This may consequently decrease the pressure in the hy-
draulic device following a decreased speed of the pump.
[0010] Depending on the desired operation of the hy-
draulic device, the control unit may provide instructions
to the motor drive unit to indirectly control the pressure
in the hydraulic device by providing a desired motor
torque value. The motor drive unit may get feedback of
the present torque in the electric motor by the present
current consumption of the electric motor. This may fur-
ther provide an indirect feedback of the fluid pressure in
the system.

[0011] The control unit may be configured to relate a
desired operation of the hydraulic device to a certain mo-
tor torque of the electric motor. The desired operation of
the hydraulic device may be initiated by a manual oper-
ation by a user, or by an automatically controlled opera-
tion.

[0012] The electric motor may be a servo motor, a re-
luctance motor or an asynchronous motor. The hydraulic
device may be a hydraulic cylinder. The hydraulic system
may be a hydraulic press system.

[0013] Atinstallation of the hydraulic system, the motor
drive unit may be synchronized with the electric motor in
the present hydraulic system in order to relate the driving
of the electric motor to the torque control thereof. The
control unit may then use the torque value sent to the
motor drive unit to achieve a desired pressure and oper-
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ation of the hydraulic device.

[0014] In one embodiment, the hydraulic system may
comprise a plurality of hydraulic devices, each pressu-
rized by a hydraulic pump driven by an electric motor,
which is controlled by a motor drive unit. Each motor drive
unit may receive a desired motor torque value from the
control unit. Each motor drive unit may receive an indi-
vidually set desired motor torque value from the control
unit. Alternatively, all motor drive units may receive the
same desired motor torque value. In a system comprising
more than one hydraulic pump, a more complex pressure
control may be possible.

[0015] Asafirstexample, two or more hydraulic pumps
may be provided to together provide an aggregated hy-
draulic pressure to the hydraulic device. Depending on
the desired pressure, all motor drive units may receive
the same desired motortorque value to provide all electric
motors be operated with the same torque. If all hydraulic
pumps are similar, each pump may then also provide
similar portions to the total pressure. Alternatively, one
hydraulic pump may be desired to provide alarger portion
of the aggregated pressure. The motor drive unit for that
electric motor and pump may thereby receive a different
desired motor torque value than the motor drive units for
the other pumps. The motor drive unit that receives a
different desired motor torque value may further receive
a desired motor rpm value for the electric motor. The rpm
of that electric motor may be set together with the torque
in order to avoid that the electric motor reverse due to a
lower torque value than for the other electric motors. The
motor drive unitthat received the desired motor rpm value
may control the electric motor to operate at the desired
rpm and with the desired torque. The hydraulic pump in
direct connection with the electric motor may thereby op-
erate at the same rpm as the electric motor.

[0016] As a second example, the system may com-
prise two hydraulic pumps operable in opposite directions
to enable a low aggregated pressure without operating
a pump at low speed risking damage to the pump and
electric motor. The motor drive units operating the electric
motors driving the pumps may thereby receive different
desired motor torque values and/or motor rpm values to
achieve a desired aggregated pressure to the hydraulic
device.

[0017] According to a second aspect of the invention,
a method of controlling pressure in a hydraulic device in
a hydraulic system is provided. The method comprises
the step of providing a hydraulic pump in fluid connection
with the hydraulic device, wherein the hydraulic pump is
driven by an electric motor, providing a desired motor
torque value to a motor drive unit controlling the operation
of the electric motor, and controlling the torque of the
electric motor via the motor drive unit to a desired torque
based on the desired motor torque value.

[0018] Such method provides advantages and may be
used in embodiments as discussed for the hydraulic sys-
tem above.
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Brief Description of the Drawings

[0019] The invention will in the following be described
in more detail with reference to the enclosed drawings,
wherein:

Fig. 1 show a schematic block view of a hydraulic
system according to an embodiment of the invention;
Fig. 2 show a schematic block view of a hydraulic
system according to an embodiment of the invention;
and

Fig. 3 show a flowchart of a method according to an
embodiment of the invention.

Description of Embodiments

[0020] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which preferred embodiments of the inven-
tion are shown. This invention may, however, be embod-
ied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the
drawings, like numbers refer to like elements.

[0021] Fig. 1 illustrates a hydraulic system 1 compris-
ing a hydraulic device in the form of a hydraulic cylinder
10. The hydraulic cylinder 10 comprises a pressure
chamber 12 and a piston 14. The pressure in the pressure
chamber 12 controls the position and movement of the
piston 14. The pressure of the pressure chamber 12 is
provided by a hydraulic pump 20 in fluid connection with
the pressure chamber 12 via a pipe 16. The hydraulic
pump 20 receives incoming pressure fluid from an in-
coming pipe 18. The pressure fluid is pressurized by the
hydraulic pump 20 and supplied to the pipe 16.

[0022] The hydraulic pump 20 is driven by an electric
motor 30 via a drive shaft 32. The speed of the electric
motor 30 controls the speed of the hydraulic pump 20.
The operation of the electric motor 30 is controlled by a
motor drive unit 40. The drive unit 40 supplies power to
the electric motor 30. The drive unit40 controls the torque
of the electric motor 30 by controlling the supplied current,
torque or other parameters to the electric motor 30. By
monitoring and controlling the current, torque or other
parameters supplied to and consumed by the electric mo-
tor 30, the torque of the electric motor 30 is controlled.
[0023] The drive unit40is communicatively connected
to acontrol unit 50. The control unit 50 transmits a desired
torque value for the electric motor 30 to the drive unit 40.
The desired torque value corresponds to a motor torque
determined to provide a desired pressure in the pressure
chamber 12, and further a desired operation of the hy-
draulic cylinder 10. The control unit 50 is configured to
provide a desired torque value that is determined based
on a desired operation of the hydraulic cylinder 10. The
desired operation is provided either from a manual op-
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eration by a user of the hydraulic system 1, or from an
automatic operation controlling the hydraulic cylinder 10.
[0024] When the hydraulic system 1 is set up, the per-
formance of the electric motor 30, hydraulic pump 20
together with the hydraulic cylinder 10 may be calibrated
to provide a system in which the operation of the hydraulic
cylinder 10 can be predetermined based on a specific
torque of the electric motor 30. When this has been done,
the operation of the hydraulic cylinder 10 can be control-
led by the control unit 50 by setting a desired torque value
for the electric motor 30. No slow continuous feedback
of the pressure in the pressure chamber 12 or the pipe
16 is thereby needed during operation of the hydraulic
system 1.

[0025] In one embodiment, a pressure valve (not
shown) can be arranged between the hydraulic pump 20
and the hydraulic cylinder 10, which is configured to re-
lease pressure from the pipe 16 when the pressure there-
in reaches a predetermined threshold. Momentary peaks
in the pressure is thereby taken care of by the pressure
valve.

[0026] Fig. 2 illustrates a hydraulic press system 1’ ac-
cording to an embodiment, comprising two hydraulic
pumps 20a, 20b, each driven by an electric motor 30a,
30b via a shaft 32a, 32b. The electric motors 30a, 30b
are controlled by a respective drive unit 40a, 40b. Both
drive units 40a, 40b receives a desired motor torque val-
ue from the control unit 50. Each drive unit 40a, 40b con-
trol the respective electric motor 30a, 30b based on the
received desired motor torque value. The received motor
torque value and/or motor rpm value may be the same
to both drive units 40a, 40b, or individually set by the
control unit 50, as discussed above. A desired aggregat-
ed pressure in the pipe 16 to the hydraulic cylinder 10
can thereby be achieved.

[0027] Fig. 3 illustrates a flow chart of a method 100
according an embodiment of the invention. In a first step
102, a hydraulic system 1 is provided comprising the hy-
draulic cylinder 10 in fluid connection with the hydraulic
pump 20. The hydraulic pump 20 is driven by the electric
motor 30, which in turn is controlled by the motor drive
unit 40. Further, a desired motor torque value is provided
104 to the motor drive unit. Finally, the motor torque is
controlled 106 based on the received desired motor
torque value.

[0028] In the drawings and specification, there have
been disclosed preferred embodiments and examples of
the invention and, although specific terms are employed,
they are used in a generic and descriptive sense only
and not for the purpose of limitation, the scope of the
invention being set forth in the following claims.

Claims
1. A hydraulic system (1) comprising

a hydraulic device (10);
a hydraulic pump (20) in fluid connection with the
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hydraulic device;

an electric motor (30) arranged to drive the hydraulic
pump;

a motor drive unit (40) configured to control the op-
eration of the electric motor;

characterized in that

the hydraulic system further comprises a control unit
(50) configured to provide a desired motor torque
value to the motor drive unit, and

wherein the motor drive unit is configured to control
the operation of the electric motor to a desired torque
based on the desired motor torque value.

2. The hydraulic system according to claim 1, wherein
the control unit (50) is configured to provide the de-
sired motor torque value based on a desired opera-
tion of the hydraulic device (10).

3. The hydraulic system according to claim 1 or 2,
wherein the hydraulic system comprises a plurality
of hydraulic pumps (20), each driven by an electric
motor (30) controlled by a motor drive unit (40),
wherein the control unit is configured to provide a
desired motor torque value to each motor drive unit.

4. The hydraulic system according to claim 3, wherein
the control unit (50) is configured to provide similar
desired motor torque values to all motor drive units
(40).

5. The hydraulic system according to claim 3, wherein
the control unit (50) is configured to provide an indi-
vidual desired motor torque value to each motor drive
unit (40).

6. The hydraulic system according to claim 5, wherein
the control unit (50) further is configured to provide
a desired motor rpm value to at least one motor drive
unit (40).

7. A method (100) of controlling pressure in a hydraulic
device (10) in a hydraulic system (1), the method
comprising the steps of:

providing (102) a hydraulic pump (20) in fluid
connection with the hydraulic device, wherein
the hydraulic pump is driven by an electric motor
(30),

providing (104) a desired motor torque value to
a motor drive unit (40) controlling the operation
of the electric motor, and

controlling (106) the torque of the motor via the
motor drive unit to a desired torque based on
the desired motor torque value.

8. The method according to claim 7, wherein the de-
sired motor torque value is provided based on a de-
sired operation of the hydraulic device (10).
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The method according to claim 7 or 8, wherein a
plurality of hydraulic pumps (20), each driven by an
electric motor (30) controlled by a motor drive unit
(40), are provided, and wherein the step (104) of
providing a desired motor torque value comprises
providing a desired motor torque value to each motor
drive unit.

The method according to claim 9, wherein similar
desired motor torque values are provided to all motor
drive units (40).

The method according to claim 8, wherein an indi-
vidual desired motor torque value is provided to each
motor drive unit (40).

The method according to claim 11, wherein a desired
motor rpm value is provided to at least one motor
drive unit (40).
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