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(54) LIFTING DEVICE FOR LIFTING A VEHICLE WITH INTEGRATED MOTOR CONTROL, AND 
SYSTEM AND METHOD THEREFOR

(57) The present invention relates to a lifting device
system (2) for lifting a vehicle (6), and lifting system and
method therefor. The lifting device according to the in-
vention comprises:
- a frame ( with a moveable carrier (18) configured for
carrying the vehicle;
- a drive system (52) which acts on the carrier and con-
figured for raising and/or lowering the carrier relative to

the frame; and
- a controller (22) and a control measurement system ,
wherein the controller is configured for controlling the
height of the carrier in response to a measurement signal
from the control measurement system,
wherein the drive system comprises a motor with an in-
tegrated motor controller (58).
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Description

[0001] The invention relates to a lifting device for lifting
a vehicle such as passenger cars, trucks, busses and
other vehicles, and more specifically a mobile lifting col-
umn such as a wireless mobile lifting column.
[0002] Lifting devices including lifting columns are
known from practice and comprise a frame with a carrier
that is connected to a drive for moving the carrier upwards
and downwards. In the ascent mode, hydraulic oil is
pumped to a cylinder for lifting the carrier and, therefore,
the vehicle. In the descent mode, the carrier with the ve-
hicle is lowered and hydraulic oil returns to the reservoir.
Such prior art lifting system is disclosed in U.S. Patent
Application Publication No. 2006/0182563.
[0003] Conventional lifting systems require relatively
sophisticated controllers for control of its drive system.
This involves a number of components thereby contrib-
uting to the overall complexity of the system. Also, it
renders such lifting systems cost ineffective.
[0004] An object of the present invention is to obviate
or at least reduce the aforementioned problems associ-
ated with conventional lifting devices.
[0005] This object is achieved with the lifting device
according to claim 1 for lifting a vehicle, such as a pas-
senger car, truck, bus or other vehicle.
[0006] The carrier of the lifting device is capable of car-
rying the vehicle that needs to be lifted. The carrier moves
upward and/or downward relative to the frame of the lift-
ing column with a drive ssytem. The carrier comprises a
carrying part that is configured for carrying a vehicle, or
at least a part thereof. The carrier further comprises a
guiding part that enables a guiding movement relative to
the frame of the lifting device. In a presently preferred
embodiment, the drive system comprises a hydraulic cyl-
inder drive unit that is configured for raising the carrier.
This unit comprises a housing, a piston rod that is mov-
able in the housing of the cylinder, and a hydraulic sys-
tem. Alternatively, another drive system can be used, for
example a pneumatic and/or electrical drive system. In
one of the presently preferred embodiments of the inven-
tion the unit is embodied as an integrated hydraulic cyl-
inder drive unit as disclosed in U.S. Patent Application
Publication No. 2016/0052757.
[0007] The lifting device comprises a controller that is
configured for controlling the height of the carrier. The
controller can be provided at or in the frame of the lifting
device, or may relate to a central controller capable of
controlling a number of lifting devices and/or several
groups of lifting devices, or any mixture thereof. Prefer-
ably, the controller also comprises a display and option-
ally other user interfaces to enable communication with
the user. Also, the controller may comprise a display to
improve this communication.
[0008] According to the invention, the controller com-
prises a control measurement system wherein the con-
troller is configured for controlling the height of the carrier
in response to a measurement signal from the control

measurement system. This control measurement system
is configured for indirectly and/or directly measurement
of the height and/or displacement of the carrier. This con-
trol measurement system provides information about the
control actions of the drive system for the carrier and/or
the height of the carrier. This provides direct and/or indi-
rect measurement information enabling feedback on the
actual position and/or displacement of the carrier.
[0009] The controller is preferably capable of receiving
a measurement from a control measurement system
comprising one or more sensors or sensor systems that
are capable of indicating one or more of: a height of the
carrier, height difference of the carrier, moving speed of
the carrier, information about the control actions directed
towards the drive, such as the amount of hydraulic oil
sent to the drive for raising or lowering the carrier relative
to the frame.
[0010] This control measurement system may com-
prise a sensor or sensor system on the carrier or frame
such as a potentiometer and/or sensors for measuring
control actions and/or indirect measurement systems
that may measure changes in the hydraulic system such
that any measurement of a displacement of the carrier
is directly available preventing time delays and, if neces-
sary, such that appropriate control actions can be taken
directly. This may improve the safety of the lifting device
according to the present invention.
[0011] According to the invention the drive system of
the lifting device comprises a motor with an integrated
motor controller. This has the advantage that no addi-
tional wiring is required between the motor of the drive
system and the motor controller. Preferably, the motor
and the motor controller are separate parts or compo-
nents that can be manufactured independently and also
maintenance can be done independently. In a presently
preferred embodiment the drive system of the lifting de-
vice comprises a hydraulic system. Preferably, the motor
comprises a pump connection configured for directly con-
necting the motor to the pump of the hydraulic system of
the lifting device.
[0012] In a presently preferred embodiment compo-
nents of the drive system, such as the motor and the
motor controller, are connected with watertight connec-
tors. This improves the overall safety of working with the
lifting system of the invention. Furthermore, the connec-
tors connecting a first component to a second component
of the drive system are mounted from below. This further
improves the overall safety of working with the lifting de-
vice of the invention. This specifically reduces the risk of
damage due to water penetrating the lifting device.
[0013] In a presently preferred embodiment the motor
comprises a permanent-magnet (PM) motor.
[0014] The permanent-magnet motor, also referred to
as PM-motor, enables an effective drive for the carrier
enabling raising and/or lowering the carrier relative to the
frame with or without a load. As a further advantage the
PM motor operates as a generator when lowering the
carrier, specifically with a load resting thereon, relative
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to the frame. Using the motor as a generator in lowering
the carrier generates electrical energy that can be used
for the next lifting operation, for example. This can be
advantageously applied to mobile lifting devices, such
as mobile lifting columns that rely on a battery for the
lifting operation. The use of a PM motor enables a higher
number of lifting operations without recharging the bat-
tery and/or enables the use of a smaller battery. There-
fore, the PM motor contributes to a more sustainable lift-
ing device and/or enables more lifting operations without
recharging a battery.
[0015] In a presently preferred embodiment the drive
system comprises a hydraulic system having a hydraulic
reservoir, wherein the reservoir extends over a substan-
tial height of the frame.
[0016] Providing a hydraulic system for the drive sys-
tem gives a reliable and robust lifting device. Providing
an extended reservoir with having a height that extends
over a substantial height of the frame enables a compact
design of the lifting device. This contributes to easy in-
stallation of the lifting device and/or easy displacement
and positioning of a mobile lifting device. Preferably, the
height of the reservoir is significantly higher as compared
to the width and/or depth of the reservoir. In use, the
height of the reservoir extends in a substantial vertical
direction, while the depth and width of the reservoir are
in a substantially horizontal plane. Preferably, the height
of the extended reservoir is more than twice the size of
the width and/or depth of the reservoir, more preferably
the ratio of the height of the reservoir and the size of the
width or depth is above 3, even more preferably above
5, and most preferably above 7.
[0017] In a presently preferred embodiment the pump
of the hydraulic system is positioned below the reservoir.
This assures that hydraulic oil is at all circumstances pro-
vided from the reservoir to the pump without requiring
additional piping or tubing.
[0018] In one of the presently preferred embodiments
of the invention, the control measurement system com-
prises a sensor configured for generating the measure-
ment signal for determining a control action with the con-
troller related to the drive system of the lifting device, with
the sensor configured for generating an indirect meas-
urement signal from the hydraulic system.
[0019] Using direct (control) information about the con-
trol actions of the drive system enables taking fast control
actions without unnecessary time delays. This improves
the overall control performance of the lifting device of the
invention. The direct (control) information relates to in-
formation about the hydraulic system, for example the
amount of hydraulic oil sent to the drive for raising or
lowering the carrier relative to the frame.
[0020] As a further advantage, the indirect measure-
ment in the hydraulic system provides an explosion proof
measurement system. This further improves the overall
safety of lifting systems for lifting a vehicle.
[0021] In addition, Providing an indirect measurement
based on the hydraulic system, preferably measuring

changes in the hydraulic system, enables a detection of
any leakage of hydraulic fluid from the system. This im-
proves the environmental performance of the lifting sys-
tem. Furthermore, the measurement can be compared
with the theoretical changes of the hydraulic system by
comparing with the motor RPM thereby further enabling
and/or improving a detection of any leakage. Further-
more, such comparison may provide an indication of
wear of components of the system. This may provide an
accurate indication of required preventive maintenance.
[0022] In an embodiment of the present invention, the
measurement system comprises a sensor that is con-
tained inside the hydraulic system, for example in the
hydraulic reservoir and/or in the hydraulic connections,
such as pipes or tubes. This provides a stable environ-
ment for the sensor or sensor components. This reduces
the risk of fouling or temperature fluctuations that may
influence the measurements. Therefore, this contributes
to the accuracy and robustness of the measurement sys-
tem in such embodiment.
[0023] In such preferred embodiment the lifting system
comprises a control measuring system that is configured
for indirectly measuring the height and/or displacement
of the carrier through the use of a measurement of the
hydraulic system. The use of this measuring system pro-
vides information about the height of the carrier. This
measuring system provides an indirect measurement en-
abling feedback on the actual displacement of the carrier.
This obviates the need for separate sensor systems on
the carrier or frame, such as a potentiometer, thereby
reducing the complexity of the lifting device, and reducing
the risk of additional noise or disturbances influencing
measurement signals and/or communication between
the different components of the lifting device. This im-
proves the accuracy and/or robustness of the measure-
ment system.
[0024] Furthermore, as the measurement of the control
measurement system is based on (a change) in the hy-
draulic system any measurement of a displacement is
directly available such that there is no time delay and, if
necessary, appropriate control actions can be taken di-
rectly. This improves the safety of the lifting device ac-
cording to the present invention.
[0025] In one of the preferred embodiment of the in-
vention the sensor of the control measurement system
is configured for measuring the level, pressure, or volume
of the hydraulic liquid and/or the change thereof. More
specifically, in such embodiment of the invention, the
measurement system preferably comprises a sensor that
is contained inside the hydraulic system, for example in
the hydraulic reservoir and/or in the hydraulic connec-
tions, such as pipes or tubes.
[0026] By measuring the level or volume of the hydrau-
lic liquid in the reservoir, or a change thereof, the meas-
urement signal is indicative for the amount of hydraulic
liquid that is provided towards the drive, such as a cylin-
der, that moves the carrier is achieved. This provides
indirect measurement information about the height of the
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carrier or change thereof, even before actual displace-
ment of the carrier takes place. In fact, this provides
measurement information about the control actions of
the drive system. This achieves the aforementioned ef-
fects and advantages. It will be understood that the level
indication of the hydraulic liquid in the reservoir relates
to the amount of hydraulic liquid that is provided to and/or
received from the drive. It will be understood that any
shape of the reservoir can be compensated for.
[0027] The sensor preferably comprises one or more
of the following sensors: an ultrasonic hydraulic liquid
level sensor, a float sensor configured for measuring the
hydraulic liquid level, a pressure sensor configured for
measuring pressure and/or pressure differences in the
reservoir. These sensors have the further advantage that
long cables that are connected to a moving carrier can
be omitted from the lifting device as compared to a sensor
that is mounted to the moveable carrier, such as a po-
tentiometer. This provides an effective system without
unnecessary complexity.
[0028] An ultrasonic sensor can be provided above the
hydraulic liquid level and measure a distance from the
reference point of the sensor to this surface level. Any
change of this distance indicates a change of the height
of the carrier of the lifting system. Preferably, the sensor
is mounted at the top of the reservoir, preferably a res-
ervoir with an extended and/or substantial height. The
ultrasonic sensor, also referred to as ultrasound sensor,
sends a signal that is reflected from the oil level in the
reservoir. The preferred extended height of the reservoir
contributes to an effective measurement and more spe-
cifically contributes to providing a more accurate meas-
urement signal. In a presently preferred embodiment the
reservoir is designed such that there is a ratio between
a height change of the carrier and the oil level that is
between 1:1 and 1:10, preferably between 1:2 and 1:5,
and is most preferably about 1:3. A ratio of 1:3 means
that a height change of the carrier of 3 mm corresponds
to a change in oil level in the reservoir of 1 mm. This
provides an accurate measurement. In this embodiment,
preferably the pump is mounted below the reservoir. This
obviates the need for additional piping or tubing. This has
the additional advantage that the risk of disturbances act-
ing on the measurement is further reduced.
[0029] In a similar way, a float sensor can be imple-
mented as an alternative or in addition to the ultrasonic
sensor. Such float sensor may comprise an electromag-
netic float and/or resistance element and/or an inclinom-
eter. This provides a direct measurement of any change
of the level of the hydraulic liquid surface.
[0030] A pressure sensor can be applied to measure
and pressure differences in response to a change in the
volume of the hydraulic liquid in the reservoir. This may
involve providing a pressure sensor in the room or cham-
ber above the hydraulic liquid surface and/or providing a
pressure sensor in a separate measurement tube that is
connected to the hydraulic reservoir and/or a weight
measurement of the hydraulic liquid that is contained in

the reservoir.
[0031] In addition to the aforementioned sensor types,
or as an alternative thereto, a flow sensor can be provided
in the hydraulic liquid pipe or tube between the reservoir
and the drive. The drive may relate to components such
as the hydraulic pump of the drive and/or hydraulic cyl-
inder of the drive. Such flow sensor provides an accurate
measurement of the amount of hydraulic liquid that is
transferred between the reservoir and the drive unit.
[0032] In some of the embodiments of the invention
one or more additional sensors can be provided to im-
prove the accuracy of the measurement. For example, a
temperature sensor can be provided at or close to the
location of the sensor of the measurement system to en-
able temperature correction of the measurement signal.
This further improves the overall accuracy of the meas-
urement information.
[0033] In a further preferred embodiment according to
the invention the drive comprises a reservoir with a sub-
merged pump. By providing a submerged pump a com-
pact and effective hydraulic circuit is achieved with a sig-
nificant reduction of the number of hoses and connec-
tions. This further reduces the risk of hydraulic fluid, such
as hydraulic oil, leaking from the lifting system. In addi-
tion, the amount of hydraulic liquid that is required for a
lifting system is further reduced.
[0034] Furthermore, the lifting device according to the
present invention preferably comprises an integrated hy-
draulic fluid tank and motor unit. Integrating the hydraulic
fluid tank and motor in one unit reduces the need for
space required for these components in the lifting device
and enables a relatively compact construction. Such
compact construction significantly reduces the number
and/or length of hoses and other connections between
the individual units or components of the lifting device
according to the present invention. This renders the lifting
device according to the invention more cost effective and,
in addition, reduces the risk of failure of components
and/or connections. In particular, the risk of hydraulic fluid
leaking from a connection is reduced significantly.
[0035] In a further presently preferred embodiment of
the invention the drive system comprises an integrated
hydraulic cylinder drive unit that is configured for raising
the carrier. This unit comprises, in an integrated manner,
a housing, a piston rod that is movable in the housing of
the cylinder, and a piston rod displacement measuring
system that is configured for measuring the displacement
of the piston rod.
[0036] The use of this piston rod displacement meas-
uring system enables the direct measurement of a dis-
placement of the the piston rod that is directly related to
the height of the carrier. This provides a direct (control)
measurement enabling direct feedback on the actual dis-
placement of the carrier. This obviates the need for sep-
arate sensor systems, thereby reducing the complexity
of the lifting device, and reducing the risk of additional
noise or disturbances on measurement signals and/or
communication between the different components of the
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lifting device. Furthermore, as the height measurement
can be performed directly on the displacement of the pis-
ton rod the feedback of the displacement is directly avail-
able to the controller such that there is no time delay and,
if necessary, appropriate control actions can be taken
directly. This improves the safety of the lifting device ac-
cording to the present invention.
[0037] Providing a sensor code directly on the piston
rod enables a direct measurement of the displacement
of this piston rod by providing a sensing element. This
sensing element is configured for reading the sensor
code to determine the displacement. This enables a di-
rect measurement of the displacement of the piston rod
and, therefore, the location of the carrier of the lifting de-
vice.
[0038] In a presently preferred embodiment the sensor
code is a magnetic code. The piston rod acts as host for
the sensor code and is preferably of a steel material. The
sensing element is preferably a row of magnetic field sen-
sors which are located in the proximity of the sensor code.
The use of such configuration enables measuring chang-
es in the magnetic field(s) caused by displacement of the
piston rod such that the sensing element, for example
embodied as coils, respond to the magnetic field chang-
es. This provides a measurement of the actual displace-
ment of the piston rod and therefore of the height of the
carrier of the lifting device. The measurement signal can
be supplied to a lifting device controller that monitors and
controls the height of the carrier. If required, the lifting
device controller may compare the height of an individual
carrier with heights of other carriers and determine cor-
rective action, if necessary. Such corrective action may
involve raising or lowering individual carriers in addition
to the original steering command.
[0039] Optionally, embodiments of the lifting system of
the invention comprise a locking system for locking the
carrier at a desired height and/or submersible pump as
is disclosed in US 14/791,644, for example, which is in-
corporated herein by reference.
[0040] In a presently preferred embodiment of the in-
vention the drive system of the lifting device further com-
prises an energy supply with a battery.
[0041] By providing a battery the lifting device may re-
late to a so-called stand-alone lifting device, such as a
mobile lifting column. These mobile lifting columns can
be wired or wireless. In one of the preferred embodiments
the energy supply comprises at least two batteries. This
provides additional flexibility as, preferably, the batteries
can be charged and/or replaced independently from each
other. Also, the use of two or more batteries enables pro-
viding a worldwide applicable lifting device capable of
dealing with different voltages including 120/240 VHC
50/60 Hz by adapting the actual circuit of the batteries to
the relevant national standard.
[0042] Also preferably, the lifting device comprises a
charging device. More preferably, the charging device
comprises separate charging circuits for the different bat-
teries, preferably at least two 12 V batteries that can be

charged independently. This enables optimal charging
of the batteries and enables independent replacement.
The charging device is preferably included in the frame
of the lifting device thereby providing a watertight config-
uration, for example an IP68 watertight configuration.
[0043] Preferably, the one or more batteries are pro-
vided in or at the frame at a position below the drive sys-
tem. This specific configuration enables a compact de-
sign of the lifting device. Furthermore, the center of grav-
ity is at a lower position as compared to conventional
lifting devices. This improves the overall stability of the
lifting device according to the invention.
[0044] Also preferably, the controller comprises a
charging monitor that is configured for monitoring the re-
generative charging process when lowering a load. This
charging of the batteries when lowering a load increases
the number of lifting cycles that can be performed be-
tween charging operations of the battery. Preferably the
charging monitor provides the user with information on
a display or other suitable means.
[0045] The controller further preferably comprises a re-
sistance and a switch circuit that are operatively connect-
ed to the charging monitor and capable of preventing
overcharging of the one or more batteries. This provides
a safety measure preventing overcharging the batteries.
In case the batteries are full and the load is lowered the
generated energy is provided to the resistance with a
switch circuit to prevent this overloading. This improves
the reliability and robustness of the lifting system of the
invention.
[0046] As an alternative to the switch circuit with the
separate resistance the lowering of the carrier can be
done with a reduced velocity to prevent regenerating of
energy, in case the charging monitor detects that batter-
ies are completely full.
[0047] By integrating the charging device and charging
monitor in the frame of the lifting device a compact design
is achieved that is robust and less sensitive to disturbanc-
es and fouling as compared to conventional lifting devic-
es. This improves the overall functioning of the lifting de-
vice of the invention.
[0048] In a further preferred embodiment of the inven-
tion the frame comprises a foot having a tapering part
with an additional running wheel at or near the front of
the foot of the frame.
[0049] By providing the foot with a tapering part the
overall stability of the lifting device is improved. The ta-
pering part has the highest thickness or height close to
the mast of the frame. This improves the overall strength
and stability without increasing the amount of material
that is required for stable positioning of the lifting device.
This is particularly advantageous for mobile lifting col-
umns.
[0050] Preferably, the frame of the lifting device com-
prises a modular cartridge containing an additional run-
ning wheel at or near the front of a foot of the frame. This
provides an effective means for positioning or displacing
lifting systems, in particular mobile lifting columns.
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[0051] In a further preferred embodiment of the inven-
tion the controller of the lifting device comprises a con-
nectivity module configured for communicating with an
external system.
[0052] By providing the controller with an activity mod-
ule the lifting device may communicate with external sys-
tems such as a counting, maintenance, logistics, plan-
ning. Also, this module may be used when communicat-
ing with a central controller in case the lifting device is
part of a wider lifting system.
[0053] Lifting devices according to the invention in-
clude lifting columns of the two-post lift type with pivoting
support arms, the four-post lift type with runways, the
mobile type lifting columns, in-ground lifts etc.
[0054] In one of the presently preferred embodiments
of the invention the lifting device relates to a lifting column
and more preferably to a (wireless) mobile lifting column.
[0055] The present invention also relates to a lifting
system comprising one or more of the aforementioned
lifting devices, more preferably comprises one or more
lifting columns, and most preferably one or more mobile
lifting columns.
[0056] The lifting system provides the same effects and
advantages as those stated for the lifting device. For ex-
ample, the lifting system may comprise a number of (mo-
bile) lifting columns acting as lifting device. The individual
lifting devices/columns can be controlled by a central
controller of the lifting system, for example.
[0057] Preferably, a number of lifting devices, more
specifically a number of (mobile) lifting columns can be
grouped together as a lifting system. In an embodiment
of such a lifting system according to the invention, when
lifting a vehicle, at least two lifting columns are being
used. In fact, in practice often four lifting columns are
being used. During such lifting operation, the timing of
these separate lifting columns including the moving
speed of the carrier that carries (part of) the vehicle when
lifting a vehicle, requires synchronization. The control of
the lifting system preferably comprises a system control-
ler that synchronizes the height of the separate carriers
in the ascent mode using, for example, a measurement
signal generated by a height sensor, for example a po-
tentiometer, and/or more preferably a measurement sig-
nal generated by the control measurement system ac-
cording to a presently preferred embodiment of the
present invention. Of course, other sensors can also be
used.
[0058] In case one of the carriers has moved too fast
in the ascent mode and is too high as compared to the
other carriers of the other lifting columns, for example
the power supply to this carrier is either directly or indi-
rectly lowered so that the other carriers can catch up or,
alternatively, the power supply to the other carriers is
either directly or indirectly increased so that the other
carriers can catch up. In the descent mode, it is also
important that the height of the carriers between the sev-
eral lifting columns is synchronized. Therefore, in case
one of these carriers has moved too slowly, for example

its power supply is increased in order for this carrier to
catch up with the other carriers or, alternatively, the power
supply to the other carriers is either directly or indirectly
lowered so that the other carriers can catch up.
[0059] The present invention also relates to a method
for lifting a vehicle, the method comprising the steps of:

- providing a lifting device or lifting system according
to one or more of the embodiments of the present
invention; and

- lifting the vehicle with the drive acting on the carrier.

[0060] The method provides the same effects and ad-
vantages as those stated for the lifting device and/or lift-
ing system. The lifting system may comprise a number
of mobile lifting columns acting as lifting system, for ex-
ample. The individual lifting devices or lifting columns
can be controlled by a central controller of the lifting sys-
tem, for example. This further improves the accuracy and
safety of the lifting system.
[0061] In an embodiment of the invention the method
comprises indirectly measuring the hydraulic liquid level,
pressure, or volume and/or a change thereof. This pro-
vides an effective control of the lifting operation. In addi-
tion thereto or as an alternative thereto, the flow between
the drive of the carrier and the hydraulic liquid reservoir
can be measured.
[0062] Exemplary embodiments of a lifting system
and/or the method according to the present invention are
described here below on the basis of a non-limitative ex-
emplary embodiment therefor shown in the accompany-
ing drawings, wherein:

- Figure 1 shows a lifting system comprising a number
of mobile lifting columns according to the present
invention;

- Figure 2 shows a mobile lifting column of the type
shown in figure 1;

- Figure 3 shows a further view of the mobile lifting
column of figure 2;

- Figure 4 shows the configuration of the drive system
of the lifting column of figures 1-3;

- Figure 5 shows details of the drive with motor and
integrated motor controller;

- Figure 6 shows details of the hydraulic reservoir; and
- Figure 7 shows the foot of the lifting column with

modular cartridge.

[0063] System 2 for efficient lifting and lowering load
6 (figure 1) comprises four wireless mobile lifting columns
4. Lifting columns 4 lift passenger car 6 from ground 8.
In the illustrated embodiment lifting columns 4 are con-
nected to each other and/or a control system by wireless
communication means or alternatively by cables. Lifting
columns 4 comprise foot 10 which can travel on running
wheels 12 over ground surface 8 of for instance a floor
of a garage or workshop. In the forks of foot 10 is provided
an additional running wheel 13 (figure 2). Running wheel
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12 is part of pallet truck mechanism 14 enabling easy
manoeuvring of lifting column 4. Lifting column 4 further-
more comprises mast 16. Carrier 18 is moveable upward
and downward along mast 16. Optionally, adapters can
be used to adjust carrier 18 to specific wheel dimensions.
Carrier 18 is driven by motor/drive system 20 that is pref-
erably provided in a housing of lifting column 4. System
20 is supplied with power from the electrical grid or by a
battery that is provided on lifting column 4 in the same
housing as system 20, or alternatively on foot 10 (not
shown), for example. Lifting column 4 is provided with
control panel 22 to allow the user of system 2 to control
the system, for example by setting the speed for carrier
18. In one embodiment, the motor of system 20 is a 3-
phase low voltage motor controlled by a separate con-
troller. In another embodiment, the motor of system 20
is a 3-phase low voltage motor with integrated controller.
Such motor with integrated controller can also be used
in combination with conventional lifting devices with con-
ventional height measurement systems.
[0064] Each of the lifting columns has at least one as-
cent mode and one descent mode, and is under the in-
fluence of integrated controller with control panel 22.
Controller 22 can be designed for each lifting column 4
individually, or for the lifting columns 4 together. A pres-
sure or load sensor may be used for monitoring, control
and indication of the correct positioning of the load that
is lifted with lifting system 2.
[0065] Carrier 18 (figure 2) comprises carrying part 24
and guiding part 26. Guiding part 26 extends over length
d1 along guide rail 28 in a substantial vertical direction.
Guide rail 28 is provided with cylinder 30. Guide rail 28
extends over length d2 along mast 16. It is noted that this
length d2 is mostly related to the length or height of cyl-
inder 30. Mast 16 also houses locking system 32 and
locking rail 34. In the illustrated embodiment locking rail
34 extends over a substantial part of the length or height
of mast 16.
[0066] Lifting column 4 comprises pallet truck mecha-
nism 36 (figure 3) for displacing/positioning lifting column
4. An operator is provided with information and/or pro-
vides input to lifting column 4 with control unit 38 that
comprises display 40. Lifting column 4 further comprises
cover 42. Cover 42 protects a number of components
against fouling and damage. Charger 98 and connector
100 (figure 3) are provided behind cover 42. This provides
an integrated design.
[0067] Mounting rail 44 (figure 4) enables a robust con-
nection of cover 42 to frame of lifting column 4. An energy
system 46 comprises first battery 48 and second battery
50. Drive system 52 is in the illustrated embodiment pro-
vided above energy system 46. An overcharge monitor
104 is provided in control unit 38 that also comprises an
integrated switch circuit 38a and resistance 38b for a
safety measure to prevent overcharging of batteries 48,
50. Connectivity module 106 is also provided in control
unit 38 to connect lifting column 4 with other systems.
Optionally sensor 108 is provided at mast 16 of lifting

column 4 to detect the velocity of a moving carrier 18.
[0068] Drive system 52 comprises integrated system
54 (figure 5) comprising motor and pump assembly 56
and motor controller 58. Assembly 56 comprises pump
and valve 60 and PM motor 62. Motor controller 58 com-
prises plate 64, print 66 and cover 68.
[0069] Drive system 52 further involves reservoir 70
(figure 6). In the illustrated embodiment reservoir 70 has
bottom part 72 with opening 74 and pump connection 76.
Reservoir 70 is further provided with vertical extending
part 78.
[0070] In use, reservoir 70 is filled with hydraulic oil 80
defining oil level 82. In the illustrated embodiment several
sensors have been illustrated. It will be understood that
these relate to exemplary embodiments of the invention
and other configurations of one or more of these sensors
or further alternative sensors can also be envisaged in
accordance with the invention. In the illustrated embod-
iment ultrasonic sensor 84 is mounted at the top of the
vertical part 78 of reservoir 70. Sensor 84 provides signal
86 that is reflected by oil level 82. This indicates the po-
sition of oil level 82. Float 88a also measures oil level 82.
Load cell 88b measures the amount of oil in reservoir 70.
Pressure sensor 88c measures pressure differences in-
dicating the position of oil level 82. Flow sensor 88d
measures the amount of flow from and/or to reservoir 70.
Furthermore, in addition or as an alternative to the afore-
mentioned sensor(s), a flow sensor can be provided in
hydraulic circuit, for example in suction pipe. It will be
understood that other locations for flow sensor can also
be envisaged in accordance with the present invention.
Reservoir 70 is provided with connection 90 to connect
sensors 84, 86, 88a-d to control unit 38.
[0071] Foot 10 of lifting column 4 (figure 7) comprises
connecting part 92 having height h1, curve part 94 with
height h2 and front part 96 having height h3, with decreas-
ing height from h1 to h3. This provides maximum strength
at connecting part 92 and maximum space for manoeu-
vring at part 96.
[0072] Front running wheel or additional wheel13 is
provided in cartridge 102 that is located in front part 96
of foot 10. Cartridge 102 (detail of figure 7) comprises
frame 112 and spring element 114. Cartridge 102 is de-
signed that it may be replaced as a whole, including ad-
ditional wheel 13.
[0073] In an alternative embodiment lifting column 4 is
provided with a further measurement system 110 that
measures displacement of a piston that drives carrier 18.
Such measurement system is disclosed in U.S. Patent
Application Publication No. 2016/0052757. This meas-
urement system a hydraulic circuit is operatively connect-
ed to hydraulic cylinder with the piston.
[0074] Controller 38 receives measurement signals
from sensors 84, 86, 88a-d and/or other sensors. Con-
troller 38 determines the height of carrier 18. Preferably,
controller 38 is connected to a central controller config-
ured for controlling the lifting columns, optionally com-
municating with (local) controllers of lifting devices. The
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central controller and/or controller 38 determine the
height and/or speed differences between individual car-
riers 18 of a lifting system (figure 1) and determine re-
quired control actions. These control actions may result
in sending control signals/actions to motor/pump assem-
bly 54 of drive system 52.
[0075] When lifting car 6 a number of mobile lifting col-
umns 4 are positioned around vehicle 6. When the lifting
operation is approved carriers 18 start moving along
masts 16. As soon as the desired height D above ground
surface 8 of carriers 18 is reached carriers 18 are
stopped.
[0076] The present invention is by no means limited to
the above described preferred embodiments. The rights
sought are defined by the following claims within the
scope of which many modifications can be envisaged.
For example, the present invention can be applied to the
(wireless) lifting columns illustrated in figure 1. Alterna-
tively the invention can also be applied to other types of
lifting columns and lifting systems.

Claims

1. Lifting device for lifting a vehicle, the device compris-
ing:

- a frame with a moveable carrier configured for
carrying the vehicle;
- a drive system which acts on the carrier and
configured for raising and/or lowering the carrier
relative to the frame; and
- a controller and a control measurement sys-
tem, wherein the controller is configured for con-
trolling the height of the carrier in response to a
measurement signal from the control measure-
ment system,

wherein the drive system comprises a motor with an
integrated motor controller.

2. Lifting device according to claim 1, wherein compo-
nents of the drive system, such as the motor and the
motor controller, are connected with watertight con-
nectors, and wherein the connectors connect a first
component to a second component of the drive sys-
tem from below.

3. Lifting device according to claim 1 or 2, wherein the
motor is a permanent-magnet (PM) motor.

4. Lifting device according to any of the foregoing
claims, wherein the drive system comprises a hy-
draulic system having a hydraulic reservoir, wherein
the reservoir extends over a substantial height of the
frame.

5. Lifting device according to 4, wherein the control

measurement system comprises a sensor config-
ured for generating the measurement signal for de-
termining a control action with the controller related
to the drive system of the lifting device, with the sen-
sor configured for generating an indirect measure-
ment signal from the hydraulic system.

6. Lifting device according to any of the foregoing
claims, wherein the drive system comprises a piston
rod that is operatively connected to the drive system
for raising and/or lowering the carrier relative to the
frame, and wherein the control measurement system
comprises a piston rod displacement measurement
system configured for measuring the displacement
of the piston rod.

7. Lifting device according to any of the foregoing
claims, wherein the drive system further comprising
an energy supply with a battery.

8. Lifting device according to claim 7, wherein the en-
ergy supply comprises at least two batteries, wherein
the one or more batteries are preferably provided in
or at the frame at a position below the drive system.

9. Lifting device according to claim 7 or 8, further com-
prising a charging device, and wherein the controller
preferably comprises a charging monitor configured
for monitoring a regenerative charging process when
lowering a load.

10. Lifting device according to claim 9, wherein the con-
troller further comprising a resistance and a switch
circuit that are operatively connected to the charging
monitor and capable of preventing overcharging the
one or more batteries.

11. Lifting device according to any of the foregoing
claims, wherein the frame comprises a foot having
a tapering part with an additional running wheel at
or near the front of a foot of the frame and/or com-
prising a modular cartridge comprising an additional
running wheel at or near the front of the foot of the
frame.

12. Lifting device according to any of the foregoing
claims, wherein the controller comprises a connec-
tivity module configured for communicating with an
external system.

13. Lifting device according to any of the foregoing
claims, wherein the lifting device comprises a mobile
lifting column.

14. Lifting system comprising at least one group of two
or more lifting devices according to any of the fore-
going claims.
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15. Method for lifting a vehicle with a lifting device or
lifting system, the method comprising the steps of:

- providing the lifting device or lifting system ac-
cording to any of the foregoing claims; and
- lifting the vehicle with the drive system acting
on the carrier.
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