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Description

Field of the invention

[0001] The present invention relates to a spring bal-
anced support device for counteracting the force of grav-
ity on a mass. The present invention further relates to
several methods of engaging the spring balanced sup-
port device for different applications. Spring balanced
support devices are known.

Description of related art

[0002] US4387876 and US4883249 disclose exam-
ples of spring balanced support devices. These spring
balanced support devices comprise an arm mechanism
and a spring which counteracts a weight of mass. The
moment about a pivot point generated by the spring
equals the moment generated by the weight of its bal-
anced mass. The devices of US4387876 and
US4883249 comprise an adjusting mechanism for ad-
justing the spring in order to balance a different weight.

The invention

[0003] It is an object of the invention to provide an im-
proved spring balanced support device.
To this end, the invention provides a spring balanced
support device comprising at least one arm, connected
to its surroundings via a movable pivot point and a second
arm, the first and second arm forming an arm mechanism
to which a mass may be coupled directly or indirectly at
a mass coupling point, wherein an axis extends through
the movable pivot point and extends substantially parallel
to a direction of a force exerted on the spring balanced
support device at the mass coupling point due to the force
of gravity on the mass, wherein:

- the second arm is connected to the first arm at an
elbow pivot point, the second arm being coupled to
the surroundings via a second movable pivot point,
wherein the second movable pivot point is movable
substantially parallel to said axis, or

- the second arm is connected to the first arm via a
pivot connection, the second arm having a fixed ori-
entation with respect to the axis, wherein the pivot
connection is slideable along the first or second arm,
wherein the second arm is movable along a direction
substantially parallel to said axis,

wherein the arm mechanism is balanced by at least one
spring, at one end directly or indirectly connected to the
arm mechanism at a spring connection point, the other
end directly or indirectly connected to the surroundings
at a spring base point, wherein the spring base point is
located substantially on said axis, or wherein the spring
base point is located at a distance from said axis along
a line which intersects the axis and which extends sub-

stantially parallel to a pivot point axis of the movable pivot
point, wherein the movable pivot point is movable along
the axis in order to adjust the spring balanced support
device.
[0004] In the spring balanced support devices accord-
ing to US4387876 and US4883249, a spring is provided
to balance the moment generated by the weight of its
balanced mass. In this respect, the present invention is
similar to the devices of US4387876 and US4883249.
The known devices comprise an adjusting mechanism
for adjusting the device to balance a different weight. The
adjusting device works by adjusting the spring.
[0005] In US4387876 and US4883249 several embod-
iments are shown. The adjusting mechanism operates
on the basis of adjusting one of the mount positions of
the spring. Either the end of the spring which is attached
to the arm mechanism, or the end of the spring which is
attached to the surroundings (i.e. the base) is adjusted.
In this way, for any given position of the arm, the moment
which the spring exerts on the arm, can be adjusted to
another constant value. In US4387876 the adjustment is
carried out by a knob 32 which is used to vary the position
of the slider 38 via which the spring is connected to the
arm mechanism. It is the end of the spring which is at-
tached to the arm mechanism which has an adjustable
position. In US4883249 it is the position of the base end
of the spring which is adjustable. For instance in figure
9, the element 99 can be rotated to vary the height of
element 98. Figure 25 shows a similar construction
[0006] US4883249 discloses a counterbalancing
mechanism according to the preamble of claim 1.
[0007] These devices were found to be suitable only
for adjusting for loads having relatively small variations
in weight. These devices are also quite complex to con-
struct and are quite slow in adjusting for a different weight,
or have other limitations. These devices are for example
not suitable for pick and place operations.
[0008] The present invention is different from these
constructions in that adjusting the spring balanced sup-
port device is executed by moving a part of the arm mech-
anism itself, by a translation of the movable pivot point.
The arm mechanism has no fixed points, all parts of the
arm mechanism are movable in at least one direction.
[0009] Moving the pivot point of the arm mechanism
appears counter-intuitive because the arm mechanism
itself is no longer connected to any fixed point in space.
[0010] Furthermore, the adjusting of the arm mecha-
nism may influence the position of the mass. This may
be seen as a disadvantage. In an embodiment, the in-
vention provides measures to counteract this tendency.
The adjusting of the arm mechanism also changes the
range of the arm mechanism, which may also be seen
as a disadvantage of the invention. This can be counter-
acted by dimensioning the spring balanced support de-
vice properly for the required application.
[0011] The invention has a number of advantages.
Moving the pivot point of the arm mechanism was found
to reduce the construction effort necessary to build an
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adjustable spring balanced support device, allowing a
simpler construction of both the spring balanced support
device and its adjustment mechanism, requiring less
components. Further, the spring balanced support de-
vice has a low friction in use. A preferred and simple
embodiment was found in which the adjustment can be
executed with zero force in a certain position of the arm
mechanism, which is referred to as its "phantomspring"
position. This enables a very energy efficient adjustment
of the spring balanced support device.
[0012] With a simple construction, low friction, and en-
abling quick adjustment with low force necessary for the
adjustment, spring balanced support devices according
to the invention are suitable for various applications in
different categories of use.
[0013] The invention may be used in a broad range of
different applications/use. Some of the advantages may
not be achieved in every application.
[0014] One main category of use is a pick and place
operation. Typical pick and place operations may for in-
stance take place in airports where luggage needs to be
transferred from a conveyor belt onto a lorry or vice versa.
Other pick and place operations take place in the con-
struction industry, where loads of bricks or bags of ce-
ment or other articles need to be loaded or unloaded from
a lorry to a building site or where loads need to be posi-
tioned, for example without sufficient manpower to hold
or manoeuvre the load. Other kinds of pick and place
operations may take place along assembly lines. Other
pick and place operations occur in logistical operations,
such as package delivery services, and many other sit-
uations. Other types of pick and place operations may
take place in other types of businesses, such as news-
paper or other printing & publication businesses, where
packs of newspapers or magazines need to be loaded
onto a pallet or lorry or crate.
[0015] Further kinds of pick & place operations may
relate to picking and placing of people, i.e. picking up of
one or more persons, weighing the one or more persons,
moving the one or more persons to another location and
placing said persons at said location.
[0016] Other applications where the invention can be
used for pick and place operations may relate to situa-
tions where the impact on either the system or the load
(or both) needs to be reduced or avoided.
[0017] Another situation is known from moving vessels
that need to be loaded or unloaded, or in other situation
where a load is lifted by a crane or other lifting device. In
such a situation, it is beneficial for the mass to be sus-
pended in a balanced manner instead of in a fixed man-
ner.
[0018] Common for many of these situations is that
loads of often varying and unknown weight need to picked
up at one location, moved to a target location and placed
or released at said target location. However, even if the
load is known in advance and is the same for each pick
and place operation, the picking and placing operation
itself results in a varying load exerted on the spring bal-

anced support system.
[0019] The coupling and decoupling of the load with
the spring balanced support device are defining moments
for the use of the spring balanced support device in this
category of application. In this respect, pick & place op-
erations are different from applications where the main
use is a balanced movement of a mass which stays at-
tached to the spring balanced support device.
[0020] A pick and place operation according to the in-
vention may work very intuitively. Because the force for
counteracting the force of gravity is provided by a spring,
a drive or actuator is not required for the vertical move-
ment of the mass. This results in at least the upward and
downward movement being performed by muscle power
of the operator. This results in a smoother and mostly
quicker operation than if a drive or actuator were to be
used. However, the invention is not limited to embodi-
ments without a drive or actuator. A drive or actuator
could for instance be used for the horizontal movement
of the object, for the movement of the whole spring bal-
anced support device in any direction, or for the adjusting
process, as is discussed below.
[0021] The invention may also be engaged in a cate-
gory of applications where it is used mainly for balanced
movement of the mass, where no picking or placing takes
place or very little picking and placing takes place, in
other words in situations where a load, once engaged
with the spring balanced support device, is more or less
continuously connected to the spring balanced support
device. Sometimes, the load varies only gradually in time
or at certain limited moments in time only. In these cases
the mass, part of the mass or more of the same kind of
mass is almost continuously being connected to the
spring balanced support device.
[0022] The invention may also be used in another cat-
egory of applications wherein the load itself is kept in a
stationary position when the surroundings move. Such a
situation is known from measuring devices carried by a
person which need to be kept stable. The measuring de-
vice may be a camera or a different measuring device.
The person moves, but the measuring device needs to
be kept as stable as possible. Yet another application is
in suspension systems in for example the automotive in-
dustry.
[0023] It is implicit to a spring balanced support device
that the spring balances the force at the mass coupling
point for different angular positions of the first arm. The
axis will generally be vertical, but this need not be the
case. It is also possible that the first direction and the
axis extend at a different angle to the horizontal. The axis
may be horizontal.
[0024] In an embodiment, the arm mechanism com-
prises a second arm which is pivotably connected to the
first arm at an elbow pivot point (or elbow joint), wherein
the second arm is further coupled to the surroundings
via a second movable pivot point which is movable sub-
stantially parallel to said axis. Generally but not always
the second movable pivot point will be movable substan-
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tially along said axis. The second arm creates a possibility
of a simple linear movement of the mass coupling point,
i.e. eliminates movements of the mass transverse to the
axis. There will still be considerable forces transverse to
the axis, which disadvantage can be solved as seen ex-
plained below. Generally but not always, the arms have
substantially the same length, and the elbow pivot point
will be located at the same distance to the axis on both
arms. This results in the feature that the two movable
pivot points are located substantially at a same distance
to the elbow pivot point(s), which is relevant for an exact
zero force adjustment
[0025] It was found that the combination of a movable
pivot point and a mechanism having two arms was very
practical, because the construction for a linear movement
of the mass coupling point can be simply combined with
the construction for linear movement of the adjusting of
the first movable pivot point.
[0026] In an embodiment, the arm mechanism com-
prises a second arm which is pivotably connected to the
first arm at an elbow pivot point and further comprises a
third arm and a fourth arm, which are pivotably connected
with the first and second arm in a substantially parallel-
ogram configuration, wherein the fourth arm is connected
to the second arm at a second movable pivot point.
[0027] The four arms may be connected to one another
substantially at their ends. The lower end of the first arm
and the upper end of the second arm may define a vertical
axis. The second movable pivot point may be movable
along the axis and in a direction transverse to the axis.
It is noted that the axis may also have a different orien-
tation than vertical in which case the lower end need not
be a "lower" end. This embodiment has the benefit that
all forces on the axis transverse to the axis cancel each
other out.
[0028] In a different embodiment, the spring balanced
support device comprises a second arm, connected to
the first arm via a pivot connection, the second arm hav-
ing a fixed orientation with respect to the axis and being
movable substantially along the axis, the pivot connec-
tion being slideable along the first or the second arm.
The pivot connection may be arranged in a cam on one
of the arms. The second arm will generally be slideably
arranged on a carriage.
[0029] In an embodiment, the mass is coupled directly
or indirectly to the arm mechanism at the second movable
pivot point.
[0030] In an embodiment, the arm mechanism is not
connected to any fixed base and each part of the arm
mechanism is movable at least in a direction parallel to
said axis, wherein in particular none of the one, two or
four arms of the arm mechanism are directly connected
to a fixed base.
[0031] The position of the spring connection point may
be fixed and non-adjustable and/or the position of the
spring base point may be fixed and non-adjustable. By
fixing the ends of the spring, a simple construction is cre-
ated. This is different from for instance US4387876 and

US4883249 wherein either the base end or the mecha-
nism end of the spring is adjusted.
[0032] In an embodiment, the second movable pivot
point is operable to be positioned at a predetermined
distance from the spring base point, wherein a change
in potential energy of the arm mechanism as a result of
a movement of the first pivot point is substantially the
same as a change in spring energy in the least one spring
as a result of said movement.
[0033] During the adjusting process of the first movable
pivot point, the second movable pivot point is maintained
in a certain position at the level of the spring base point
at the moment of engaging or disengaging of the mass.
This results in an adjustment procedure with zero force
or substantially zero force. The second movable pivot
point may be positioned just offset of the spring base
point in order to compensate for the own weight of the
arm mechanism. The second movable pivot point may
be maintained at substantially the same position by ad-
justing the spring balanced support device to the
changed mass so quickly that the second movable pivot
point generally does not change in position, by a lock of
any kind, or by a combination of these two methods.
[0034] In an embodiment, the spring balanced support
device may further comprise a brake device constructed
to fixate the second movable pivot point during the ad-
justing step. The brake device may be operated manually
or be connected to a control device.
[0035] The spring balanced support device may further
comprise a brake device constructed to alternately:

- during an adjusting step, fixate a position of the mass
coupling point along said axis while allowing a move-
ment of the (first) movable pivot point along said axis,

- during a balancing step, fixate the position of the
(first) movable pivot point along said axis while al-
lowing a movement of the mass coupling point along
said axis.

[0036] It will be appreciated that the device has two
modes, i.e. an adjustment mode for an adjusting step
and a balancing mode for a balancing step. The fixating
of the first movable pivot point may be performed by the
actuator which also moves the movable pivot point. It will
be appreciated that fixating the position of the second
movable pivot point during the adjusting step may be also
done by adjusting very quickly.
[0037] If the axis extends vertical, the movable pivot
point is situated essentially vertically underneath the
spring base point which bears the spring force, and
moves vertically along the axis. It will be understood that
relatively small deviations of the alignment between the
force at the mass coupling point and the axis disadvan-
tageously affect the balancing effect of the spring some-
what but fall within the scope of the invention.
[0038] The spring balanced support device may further
comprise:
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- a weighing device configured to weigh the mass
which is supported by a mass support member,

- an actuator being constructed to move the movable
pivot point,

- a control device being connected to the weighing
device and to the actuator, wherein the control de-
vice is configured to control the actuator for adjusting
the position of the movable pivot point on the basis
of a signal of the weighing device which is indicative
of the measured weight of the mass.

[0039] With this embodiment, the adjusting of the
spring balanced support device to a new weight can be
performed quickly and automatically or semi-automati-
cally. This allows relatively fast and reliable pick and
place operations.
[0040] In a further embodiment, the brake device is
also coupled to the control device, the control device be-
ing configured to fixate the position of the mass coupling
point along said axis during the weighing of the mass.
This allows fast measuring of the weight and adjusting
to the new mass.
[0041] In an embodiment, the weighing device is cou-
pled directly to a mass support member which is config-
ured to engage the mass.
[0042] In an embodiment, the weighing device com-
prises a load cell and an accelerometer, the load cell and
accelerometer each being connected to the control de-
vice. The control device is configured to determine the
weight of the mass on the basis of the data of the load
cell and the accelerometer. This embodiment allows
measuring of the weight without holding the mass sta-
tionary and increases the operating speed.
[0043] In an embodiment, the spring is connected to
the arm mechanism at the elbow connection between
the first arm and second arm, and - in case of an arm
mechanism comprising four arms - the springs are con-
nected to the arm mechanism at the respective elbow
connections. A connection of the spring at the elbow
joint(s) is preferable because it results in an efficient use
of the spring force. It also enables zero force adjustment.
A connection of the spring to the second arm will result
in some loss of equilibrium at varying positions of the
load and will normally not be preferable option, but falls
within the scope of the invention. The skilled person will
understand that the word "springs" in case of a four arm
mechanism also comprises a single spring having two
sections and extending between both elbow connections
via the spring base point.
[0044] In an embodiment, the mass coupling point is
located substantially on the axis. The force exerted at
the mass coupling point may be aligned with the axis.
[0045] In an embodiment, the spring balanced support
device comprises:

- a wagon comprising wheels or skidding members,
- a frame being connected to said wagon, the frame

extending over a vertical distance,

wherein the arm mechanism and the at least one spring
are connected to said frame.
[0046] The wagon allows great horizontal movements
of an object, or allows the movement of the support de-
vice to another pick & place location. The wagon may roll
or skid on rails. The rails may extend below or above the
wagon as an overhead rail. The support device according
to the invention may also be mounted otherwise, for ex-
ample on a free roaming wagon on wheels. The wagon
may be self propelled, i.e. be a motorized vehicle, and
may be driven on a public road.
[0047] In an embodiment, the spring balanced support
device comprises a transmission device being mechan-
ically interposed between the mass and the arm mech-
anism, the transmission device being configured to cause
a ratio of a vertical movement of the mass coupling point
and a vertical movement of the mass itself to be less than
1:1,25 or more than 1: 0,75.
[0048] The transmission device is coupled at an input
side thereof to the mass support member and coupled
at an output side to the mass support member connec-
tion. The transmission device creates an advantage in
that the vertical operating range of the mass support
member can be increased or decreased. The transmis-
sion device may comprise a pair of pulleys having a dif-
ferent diameter or gears or have a different suitable form.
A single pulley having two different diameters or a scissor
mechanism are other possibilities for the transmission
device and other options for the transmission device are
conceivable.
[0049] If the ratio is greater than 1:0,75, very precise
vertical movements of the object are possible in a limited
range.
[0050] In an embodiment, the spring balanced support
device comprises a protruding arm which is connected
directly or indirectly to the arm mechanism, wherein the
protruding arm extends over a horizontal distance,
wherein the protruding arm is connected to a carriage
which is guided by a rail which extends parallel to said
axis. The rail and carriage bear the moment caused by
the weight multiplied by the length of the arm. In partic-
ular, the rail may be fixed to the frame, so that the pro-
truding arm is coupled to the frame via the carriage which
is guided by the rail and arranged to move parallel to said
axis relative to said frame.
[0051] In an embodiment, the protruding arm is con-
nected directly or indirectly to the arm mechanism via a
hinge having a vertical axis. The hinge allows the arm to
pivot, creating an operating range about the vertical axis.
[0052] The protruding arm may be segmented and
comprise a first arm part and a second arm part being
coupled to one another via a sliding or rolling device, the
second arm part being movable in a horizontal direction
relative to the first arm part. The segmented arm allows
relatively high-precision horizontal movements of the ob-
ject without needing to move the arm mechanism in a
horizontal direction. More segments are also possible.
[0053] In an embodiment, the spring balanced support
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device further comprises a pulley device comprising an
upper pulley, a lower pulley and an endless flexible mem-
ber being supported by the upper and lower pulley and
extending at least in part parallel to said rail, wherein the
carriage is connected to said endless flexible member.
The mass support member is indirectly coupled to the
arm mechanism via the pulley device. The pulley device
may comprise a lock. This has the benefit of a safe guid-
ing of the mass support member via the carriage and a
rail. A brake device may be provided which brakes the
endless loop in both directions. Undesired, sudden
movements may advantageously be prevented with the
lock. The rail generally extends vertically.
[0054] In an embodiment, the at least one spring is
attached to a fixed spring base via the spring base point
wherein the fixed base and the at least one spring are
located at a distance from the operating range of the arm
mechanism, for instance outside a region which is de-
fined by the range of operation of the first movable pivot
point and the range of operation of the second movable
pivot point or at a distance from a plane defined by the
first arm and the axis. For some applications the region
may be more particularly defined by a first plane oriented
at a right angle to the axis and extending through the end
of the range of the first movable pivot point and a second
plane oriented at a right angle to the axis and extending
through the end of the range of the second movable pivot
point. For other applications the at least one spring may
be located very close to the operating range of the arm
mechanism, but not within the operating range by placing
it right next to it in another plane, i.e. at a distance from
a plane defined by the first arm and the axis.
[0055] A position of the springs which is remote from
the position of the arm mechanism has several benefits.
It does not require the use of zero length springs, and it
allows the arm mechanism and the springs to be posi-
tioned where the space is most optimal. For instance,
when the arm construction is provided in a movable
frame, the movable frame being supported by a wagon
which rolls on wheels, the arm mechanism itself can be
positioned relatively high, above the operator and out of
the way of the objects which are to be picked and placed.
The at least one spring may be located below the lower
end of the first arm. The remote location of the spring(s)
allows long springs to be used, which creates a relatively
constant force over a substantial range.
[0056] In an embodiment, the spring balanced support
device according to any of the preceding comprises a
hand grip directly or indirectly connected to the first mov-
able pivot point for manually adjusting the position of said
first movable pivot point and/or comprising an actuator
which is manually operable, i.e. without a control device.
The hand grip allows simple adjusting of the spring force.
[0057] In an embodiment, the brake device may com-
prise one or more of the following brake members:

1) a first brake member for braking a vertical move-
ment of the mass, and

2) a second brake member for braking a horizontal
movement of the second protruding arm segment
relative to the first protruding arm segment, and
3) a third brake member for braking the pivoting
movement of the arm about pivot axis,
4) a fourth brake member for braking a pivoting
movement of the object support member.

wherein the one or more brake members are connected
to the control device via communication lines, the control
device being configured to switch the one or more brake
members on or off, all together or in a particular sequence
[0058] The present invention further relates to a meth-
od of supporting a mass, the method comprising

- providing a spring balanced support device compris-
ing at least one arm, connected to its surroundings
via a movable pivot point and a second arm, the first
and second arm forming an arm mechanism to which
a mass may be coupled directly or indirectly at a
mass coupling point, wherein an axis extends
through the movable pivot point and extends sub-
stantially parallel to a direction of a force exerted on
the spring balanced support device at the mass cou-
pling point due to the force of gravity on the mass,
wherein:

- the second arm is connected to the first arm at an
elbow pivot point, the second arm being coupled to
the surroundings via a second movable pivot point,
wherein the second movable pivot point is movable
substantially parallel to said axis, or

- the second arm is connected to the first arm via a
pivot connection, the second arm having a fixed ori-
entation with respect to the axis, wherein the pivot
connection is slideable along the first or second arm,
wherein the second arm is movable along a direction
substantially parallel to said axis,

wherein the arm mechanism is balanced by at least one
spring, at one end directly or indirectly connected to the
arm mechanism at a spring connection point, the other
end directly or indirectly connected to the surroundings
at a spring base point, wherein the spring base point is
located substantially on said axis, or wherein the spring
base point is located at a distance from said axis along
a line which intersects the axis and which extends sub-
stantially parallel to a pivot point axis of the movable pivot
point, wherein the movable pivot point is movable along
the axis in order to adjust the spring balanced support
device, the method further comprising:

- engaging the mass with the spring balanced support
device,

- adjusting the position of the first movable pivot point
so that the spring balanced support device generates
a spring force which balances the weight of the mass,
and

- moving the mass relative to the spring balanced sup-
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port device.

[0059] The method provides the same advantages as
the device. It is noted that the mass may be moved with
the spring balanced support device, but it is also possible
to keep the mass still and let the spring balanced support
device move. This may arise in the carrying of a meas-
uring device by a human or the use of the invention on
board a moving vessel for providing a stationary position
for the mass. Other applications are also conceivable.
[0060] In an embodiment, the method comprises dis-
engaging said mass from the spring balanced support
device after the moving of the mass relative to the spring
balanced support device.
[0061] In an embodiment, the method comprises re-
peatedly engaging and disengaging a mass with the
spring balanced support device, wherein at each moment
of engaging and disengaging, the mass coupling point
has a substantially same position.
[0062] The device according to the invention has a po-
sition in which an adjustment with zero force is possible.
By each time engaging the mass with the spring balanced
device at said zero force position, referred to as its "phan-
tomspring" position, little energy is required for the ad-
justment process.
[0063] In an embodiment of the method, the spring
base point is located substantially along said axis and
within an operating range of the second movable pivot
point along said axis, the method comprising engaging
or disengaging the mass by the spring balanced support
device in a position wherein the second movable pivot
point is positioned at or near the position of the spring
base point along said axis, in which position a change in
potential energy of the arm mechanism as a result of the
moving of the first movable pivot point is substantially the
same as a change in spring energy in the at least one
spring.
[0064] The second movable pivot point and the spring
base point may be slightly offset in order to compensate
for the own weight of the arm mechanism.
[0065] These positions of the second movable pivot
point and the spring base axis enable an adjusting step
with zero force. The length of the spring changes rela-
tively little and essentially only enough to compensate
for the change in potential energy of the arms. In this
position, the first movable pivot point can be moved with-
out exerting any force or with very little force. This is a
very efficient way of adjusting the device. If done repeat-
edly, the advantage may also be achieved repeatedly.
[0066] In an embodiment of the method, the spring bal-
anced support device further comprises an adjustment
device comprising:

- a weighing device configured to weigh the mass
which is supported by the spring balanced support
device,

- an actuator being constructed to move the movable
pivot point,

- a control device being connected to the weighing
device and to the actuator, wherein the control de-
vice is configured to control the actuator for adjusting
the position of the movable pivot point on the basis
of a signal of the weighing device which is indicative
of the measured weight of the mass,

the method comprising weighing the mass with the
weighing device and automatically adjusting the movable
pivot point with the actuator on the basis of a signal gen-
erated by the control device, the signal being indicative
of the weight of the mass. This method allows relatively
high speed pick and place operations.
[0067] The spring balanced support device may further
comprise a manual adjusting device configured for man-
ually adjusting the first movable pivot point. The manual
adjustment device may be provided in addition to the
actuator or as an alternative.
[0068] In an embodiment, the spring balanced support
device further comprises a brake device constructed to
fixate the mass in a vertical direction, the brake device
being coupled to the control device, wherein the control
device is configured to fixate the vertical position of the
mass support member during the weighing of the mass,
the method comprising fixating the vertical position of the
mass with the brake device during the weighing of the
mass.
[0069] With the invention, fast and reliable pick and
place operations can be carried out. Surprisingly, it was
found that the combination of the weighing device, actu-
ator and control device can be combined with the feature
of the adjustment device which is configured to adjust a
position of the first pivot point, but may also be applied
independently from this aspect. The actuator may be con-
nected to the spring support or to the spring base point,
and/or the spring connection point, in order to adjust the
force. This creates a possibility of creating a spring bal-
anced support devices which is derived from the devices
disclosed in US4387876 and US4883249, but has an
extra quality of being much more suitable for pick and
place operations.
[0070] The spring balanced support device may com-
prise a brake device constructed to fixate the mass sup-
port member in a vertical direction, the brake device being
coupled to the control device, the method comprising fix-
ating the mass support member with the brake device
during the weighing of the mass. This brake device is not
necessary when the adjustment is executed very quickly,
before the mass support member changes its position.
This quick adjustment is preferably done in the "phan-
tomspring" position of the spring balanced support de-
vice, because there the adjustment requires zero force.

List of figures

[0071] Below, the invention will be explained in more
detail by means of exemplary, nonlimiting embodiments
and with reference to the figures. Like reference numer-
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als denote like parts.

Figure 1 shows a schematic side view of a spring
balanced support device according to the prior art.
Figure 2A shows a schematic side view of a first em-
bodiment not according to the invention.
Figure 2B shows a schematic side view of a second
embodiment according to the invention.
Figure 2C shows a schematic side view of a third
embodiment according to the invention.
Figure 2D shows a schematic side view of a fourth
embodiment according to the invention.
Figure 3A shows a schematic side view of a fifth em-
bodiment according to the invention.
Figure 3B shows a schematic side view of a sixth
embodiment according to the invention.
Figure 3C shows a schematic side view of a seventh
embodiment according to the invention.
Figure 3D shows a schematic side view of an eighth
embodiment according to the invention.
Figure 3E shows a schematic isometric view of a
ninth embodiment according to the invention.
Figure 4A shows a schematic side view of a tenth
embodiment according to the invention.
Figure 4B shows a schematic side view of another
embodiment according to the invention.
Figures 5A and 5B show an isometric view of yet
another embodiment of the invention in use.
Figure 6A shows a schematic side view of an em-
bodiment not according to the invention.
Figure 6B shows a schematic side view of another
embodiment according to the further aspect of the
invention.

Detailed description of the figures

[0072] Turning to figure 1, a spring balanced support
device 1 according to the prior art is shown. The spring
balanced support device comprises an arm 2, a spring
3, a pivot point 4 which supports a lower end of the arm
2, and a movable base 5 which is configured to adjust
the length of the spring for a given position of the arm 2.
A further adjustment mechanism is provided via a slider
member 8.
[0073] The spring balanced support device 1 is config-
ured to support an object 12. If the object is heavy, the
movable base 5 is moved upwards and/or the slider 8 is
adjusted towards the end of the arm to increase the mo-
ment generated by the spring around the pivot point 4.
[0074] The device of figure 1 is indicative of the solu-
tions provided by US4387876 and US4883249. When
considering the moments about pivot 4, it can be found
that both the moment of the load 12 and the counteracting
moment of the spring 3 about pivot 4 vary with sin β,
which results in a perfect equilibrium for all angles β. This
is the general principle of spring balanced support devic-
es.
[0075] One of the disadvantages of these devices is

that pick and place operations are difficult to carry out
due to the varying weight. In the present invention, a fur-
ther insight was developed in that an adjustable spring
is in practice quite difficult to construct. This makes the
devices of US4387876 and US4883249 quite complex
and cumbersome, when put to practice.
[0076] Turning to figure 2A, a first embodiment of the
spring balanced support device 10 not according to the
invention is shown. The arm mechanism 14 comprises
a single arm 21. The end 29 of the first arm 21 is pivotably
connected to a movable pivot point 76 mounted on a
movable base 42. The first arm 21 pivots about a pivot
point axis 77 extending through the movable pivot point
76. The movable base 42 is movable in a vertical direction
and is fixed in a horizontal direction by a guide or rail 43.
[0077] A spring 36 is connected to the arm mechanism
14 at a fixed spring connection point 27 at a mechanism
end 40 of the spring. The spring is further connected at
its upper end 38 to a spring base point 52 mounted on a
fixed base 50. During rotation of the first arm 21, the
spring pivots about a spring base axis 51 which extends
through the spring base point 52. The spring base axis
51 intersects axis 17 and extends parallel to the pivot
point axis 77. The spring base axis 51 is also indicated
as line 51.
[0078] The mass (or object) 12 is connected to the arm
at a mass coupling point 200. A force of gravity on the
mass is directed along a first direction 71.
[0079] An axis 17 extends through the movable pivot
point 76 and extends substantially parallel to a direction
71 of the force exerted at the mass coupling point 200.
The axis 17 extends transverse to the spring base axis
51. Generally, the axis 17 will extend through the spring
base point 52. However, the spring base point 52 may
be positioned before or behind the plane of drawing in
figure 2A. In that case, the axis 17 extends through the
spring base axis 51 about which the spring rotates, but
not through the spring base point 52 itself. The spring
base axis 51 is substantially parallel to the pivot point
axis 77 of the movable pivot point 76. In this case, the
spring base point 52 is located at a distance from the axis
17, along the line 51 which extends parallel to the pivot
point axis 77. The movable pivot point 76 is movable in
a direction 46 which is substantially aligned with the axis
17 and substantially aligned with the first direction 71.
The arm 21 extends at an angle β to the axis 17.
[0080] In use, the position of the movable pivot point
76 can be adjusted to balance the spring force to the
weight of the mass 12.
[0081] Figure 2A is schematic. A frame may be provid-
ed which interconnects rail 43 and fixed base 50. The
movable pivot point 76 is movable relative to said frame
and relative to said rail 43.
[0082] Turning to figure 2B, an embodiment of the
spring balanced support device 10 is shown which sup-
ports an object 12. The spring balanced support device
comprises an arm mechanism 14. The arm mechanism
comprises a first arm 21 and a second arm 22. The arms
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21, 22, are interconnected via an elbow pivot connection
26 at their ends 28. The arms 21, 22 extend at an angle
gamma (γ) to one another. The arms 21 and 22 will gen-
erally be of substantially equal length, and the distance
from the elbow point to the axis along both arms will gen-
erally be equal.
[0083] The spring is connected to the first arm but may
be connected to the second arm or to the hinge connec-
tion 26 between the two arms. The spring may also be
indirectly coupled to the arm mechanism. The spring 36
extends at an angle α to the axis 17. The fixed base 50
is fixed in space. It will be seen in a further embodiment
that the spring balanced support device as a whole, in-
cluding fixed base 50, can be arranged on a frame which
is movable in any direction including the horizontal direc-
tion.
[0084] The movable pivot point 76 is positioned verti-
cally underneath the spring base point 52. The spring
base point is located along axis 17, but is not in the way
of the second movable pivot point 25. This can be ar-
ranged in various manners for instance by placing the
spring base point out of the plane of drawing. The second
movable pivot point 25 has an operating range and the
spring base point 52 is located near, or within the oper-
ating range of the second movable pivot point 25. Mov-
able pivot point 25 is movable substantially parallel to the
axis. Generally, but not always, movable pivot point 25
is movable substantially along the axis.
[0085] At an upper end 19 of the second arm 22, the
arm 22 is pivotably connected to a movable support 61
via a (second) movable pivot connection 25. The mova-
ble support 61 is a movable carriage which is movable
in a vertical direction but fixed in a horizontal direction by
a rail 62. A mass support member 18 is connected to the
movable support 61, which mass support member sup-
ports the object 12. The mass support member 18 com-
prises an arm 60 which protrudes horizontally. The arm
60 is rigidly coupled to the movable support 61 and the
movable support 61 maintains the arm in its working ori-
entation, which in this case is horizontal. The connection
between the mass support member 18 and the arm
mechanism 14 is referred to as the mass coupling point
200. The movable pivot connection 25 coincides with the
mass coupling point 200 and may in practice also coin-
cide with mass support member 18.
[0086] The weight force is transferred to the arm mech-
anism at the mass coupling point 200 and is directed in
the direction 71. In figure 2B this first direction 71 is ver-
tical.
[0087] The mass support member 18 is not coupled to
the arm mechanism 14 directly, but via the carriage 61
which is guided by the vertical rail 62. It is the carriage
61 which is connected to the arm mechanism 14. The
carriage is held in a fixed orientation by the rail 62, and
bending moments resulting from the weight of the object
12 multiplied by the length of the horizontal arm 60 are
transferred by the carriage 61 onto the rail 62. The car-
riage and the rail are constructed to maintain the protrud-

ing arm in an operable orientation. Only a short length of
rail 62 is indicated, but the skilled person will understand
that the rail 62 extends over the whole operating range.
The same applies for the rail 43, which extends over the
whole adjustment range.
[0088] A brake device 126 is provided to lock the mov-
able support 61 at the moment of adjusting the position
of movable base 42. The brake device 126 may comprise
a first brake member 127 configured to brake the wheels
79 of the movable support 61. The brake device may be
coupled to the control device 72.
[0089] Each part of the arm mechanism 14 is movable
at least in a direction parallel with the axis 17, i.e. there
is no part of the arm mechanism which is fixed to the
surroundings.
[0090] A weighing device 16 is provided between the
object 12 and the arm mechanism 14 to weigh the object.
The weighing device may also have a different position.
An adjusting device 44 comprising an actuator 45 is pro-
vided to move the movable base 42 in a vertical direction
46. The actuator may be electric, pneumatic or hydraulic
or otherwise. The spring balanced device 10 further com-
prises a control device 72 which is connected via con-
nection lines 73, 74 to respectively the weighing device
16 and the actuator 45 of the adjustment mechanism.
The actuator 45 is also capable of acting as a brake and
fixating the position of the movable pivot point 76 during
the moving mode in which the device is balancing the
mass..
[0091] In use, the object is weighed and a signal indi-
cating the weight is sent to the control device via line 73.
The control device 72 determines a signal to be sent to
the actuator and sends the signal via the line 74. The
actuator 44 adjusts the position of the movable base 42.
The weighing and adjusting operation can take automat-
ically or semi-automatically. In a short period of time, for
instance less than a second, the springs 36, 37 balance
the weight of the object 12 and the object may be picked
up and placed.
[0092] It is noted that when the position of the movable
base 42 is adjusted with the adjusting mechanism 44,
the position of the mass support member 18 may change
in an undesired way. This can be prevented with, for ex-
ample, the brake device 127.
[0093] The mass support member 18 can also com-
prise a platform which supports the object or a hook which
is attached to the object. The mass support member 18
can also have a different form, for instance an eye or still
a different form.
[0094] In another embodiment, the weighing device 16
has a visual indicator and there is no control device 72.
The movable base can be adjusted manually. The ad-
justment is performed manually by the operator on the
basis of the measured weight. It is also possible that no
weighing device is present, in case objects of a known
weight need to be picked and placed or in case no picking
and placing is required, i.e. when an object only needs
to be moved, but not frequently coupled to and uncoupled
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from the mass support member.
[0095] Turning to figure 2C, an alternative variant is
shown in which the second arm 22 is rigidly connected
to the movable support 61 and is fixed in a given orien-
tation which may be horizontal, and wherein the first arm
21 and second arm 22 are connected to one another via
a sliding slot 120 and a cam which slides through the
sliding slot 120. The connection between the first and
second arm not only allows a pivoting movement, but
also a sliding movement. This embodiment can also be
executed with the sliding slot on first arm 21 instead of
the second arm 22.
[0096] Turning to figure 2D, the variant of figure 2C is
shown including a control device 72 which is connected
to a weighing device 16 and an adjustment device 44
having an actuator. This allows automatic adjustment. In
this embodiment the mass is coupled to the second arm,
which has the benefit it does not move in a direction trans-
verse to the axis 17.
[0097] Turning to figure 3A, the embodiment of figure
2B is shown, but having a hand grip 145 instead of a
control device 72. The hand grip 145 may also be pro-
vided in addition to the control device 72.
[0098] The arm mechanism 14 has its elbow pivot point
26 located substantially on the same position as the
spring connection point 27. Points 25, 76 and 52 are all
located substantially on the axis 17 (when viewed in a
direction parallel to the pivot point axis 77). The elbow
pivot point 26 is located at a same distance from the two
movable pivot points 25 and 76. The movable pivots
points 76, 25 have their operating ranges chosen such
that point 25 can be positioned near or at the position of
point 52. Generally, point 76 will be on the same side of
point 52 on the axis as point 25. In addition to being mov-
able substantially along the axis, the two movable pivot
points 25 and 76 are also enabled to be maintained at a
certain position along said axis.
[0099] In this configuration the arm mechanism may
be regarded as reversible, or direction invariant as seen
from one direction on the axis 17 or the other. An arm
mechanism 14 in this configuration can be regarded as
mirrored in line 75 which extends through elbow pivot
point 26, transverse to the axis 17. Both the first pivot
point 76 and the second movable pivot point 25 can be
moved along the axis:

- During adjusting mode, the second movable pivot
point 25 is held in position and named "passive",
while the first movable pivot point 76 is being able
to move for adjustment, and named "active".

- During balancing mode, this is reversed, i.e. the sec-
ond movable pivot point 25 is moved and named
active, being actively balanced, while the first mov-
able pivot point 76 is stationary and named "pas-
sive".

[0100] The second movable pivot connection 25 is po-
sitioned near the level of the spring base point 52, at a

certain distance (300). It is noted that the second movable
pivot connection 25 is positioned slightly below the spring
base point 52. This offset compensates for the mass of
the arm mechanism 14 itself. The distance 300 between
the second movable pivot point 25 and the spring base
point 52 depends on the weight of the arm mechanism
14. Distance 300 is the referred to as the "phantomspring"
distance, when the moment generated by the spring 36
around pivot point 25 only changes in order to compen-
sate for a change in potential energy of the arm mecha-
nism itself during adjusting mode. This implies that the
adjusting process can be carried out with very little force
or without any force, and is referred to as zero force ad-
justing. This provides a substantial advantage.
[0101] Maintaining pivot points 25 and 76 at their re-
spective required positions can be executed in various
ways, among others using a brake 126, and / or by ad-
justing the spring balanced support device 10 very quick-
ly or substantially instantly at the moment at which the
weight of the mass 12 exerted on the spring balanced
support device 10 changes.
[0102] Adjustment by translating pivot point 76 may
also be executed in various ways, such as manually, pas-
sively mechanical (for instance by using a second
spring), or actively mechanical for instance by using a
motor or actuator 45. Such a motor or actuator can also
function as a lock so a separate brake 126 may not be
necessary.
[0103] Enabling zero force adjustment in such a rela-
tively simple embodiment has several advantages com-
pared to known spring balanced support devices.
[0104] Turning to figure 3B, an embodiment is shown
which is similar to the embodiment of figure 2B, but
wherein the axis 17 is rotated over 90 degrees and ex-
tends horizontally. The mass is suspended from member
18, which is a cable guided over pulley 140.
[0105] The figure shows the spring balanced support
device can be mounted in any conceivable orientation.
The direction of gravity does not need to be parallel to
the axis 17. The skilled person will understand that the
axis 17 and the first direction 71 can also be oriented at
a different angle, as long as they are substantially paral-
lel. The embodiment of figure 3B does not work com-
pletely the same as the embodiment of figure 2B, be-
cause the weights of the components of the arm mech-
anism 14 itself are not aligned with the axis 17, which
results in a slight deviation.
[0106] In this figure the direction of gravity is square /
transverse to the axis. However, by use of a pulley 140,
the direction of the force of gravity on the mass exerted
on the spring balanced support device in second movable
pivot point 25 is aligned with the axis 17. For accurate
balancing, the direction of the force exerted on the spring
balanced support device by the gravity force on the mass
needs to be substantially parallel to the direction of the
axis 17 extending through the spring base point 52.
[0107] At certain angles of the axis 17 to the direction
of gravity, the spring balanced support device needs to
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be properly designed to compensate for different gravity
forces on the arm mechanism itself. In some cases it is
preferred to rotate the arm mechanism 14 to an orienta-
tion wherein the arm mechanism is moving substantially
in a horizontal plane.
[0108] Turning to figure 3C, another embodiment of
the spring balanced support device 10 is shown.
[0109] The figure shows a spring balanced support de-
vice according to the invention where the arm mechanism
from the preceding figures (2B, 3A and 3B) is executed
twice, mirrored in the axis 17. In this embodiment, the
forces from the left upper and lower arms 23 and 24 in
pivot points 76 and 25 are cancelled out by opposite forc-
es from the right arm parts 21 and 22. This embodiment
has substantially the same benefits as the embodiments
as shown in the said preceding figures. It has two addi-
tional benefits: rails 43 and 62 can be constructed very
lightly because forces in the x-axis are limited, and the
balanced movement of pivot point 25 need not be limited
to movement along axis 17. In other words: pivot point
25 does not need to be restricted for movement substan-
tially along attached to rail 62 but may also move away
from axis 17 and toward axis 17.
[0110] The spring balanced support device 10 com-
prises an arm mechanism 14. The arm mechanism com-
prises a first arm 21, a second arm 22, a third arm 23
and a fourth arm 24. The four arms 21, 22, 23, 24 are
interconnected via pivot connections 26, 76, 25 at their
ends 19, 28, 29. The four arms form a parallelogram con-
figuration having four corners, i.e. an upper corner 31, a
right corner 32, a lower corner 33 and a left corner 34. If
the axis has a different orientation, the words "upper" and
"lower" do not apply, but they are used here for reasons
of simplicity.
[0111] The left and right pivot connections 26 are also
indicated as the elbow joints 26. The right and left corners
32, 34 are also indicated as the elbows. The first arm is
also indicated as the lower right arm 21, the second arm
is also indicated as the upper right arm 22, the third arm
is also indicated as the lower left arm 23 and the fourth
arm is also indicated as the upper right arm 24.
[0112] A mass support member 18 in the form of an
arm is provided which supports the object 12.
[0113] The spring balanced support device comprises
a first spring 36 and a second spring 37. The springs 36,
37 extend at an angle 2*α to one another. The first and
second spring are connected at their upper ends 38 resp.
39 to a spring base point 52 in the form of a fixed base
50. It will be seen in figure 4B that the springs may also
be guided around the spring base point 52 to a fixed base
50 which is provided underneath the spring base point
52 and be connected to said fixed base with their lower
ends. The springs 36, 37 exert an upward force on the
arm mechanism. The fixed base 50 is fixed in space. It
will be seen with respect to figure 4A that the fixed base
50 can be arranged on a frame 84 which is movable in
a horizontal direction. Therefore, "fixed base" in this re-
spect should be interpreted purposively and does not ex-

clude horizontal or vertical movements of the spring bal-
anced support device as a whole. The first movable pivot
point 76 is positioned vertically underneath the spring
base point 52.
[0114] The opposite ends 40, 41 of the springs are con-
nected to the arm mechanism 14 at respective spring
connection points 27 which are located on the first and
third arms 21, 23. The springs may also be connected to
the elbows. It is also possible that the respective springs
36, 37 are connected to the respective first arm 21 and
third arm 23 at a different position along the length of
said arms.
[0115] A weighing device 16 is provided between the
object 12 and the arm mechanism 14 to weigh the object.
The weighing device may also have a different position.
[0116] The first movable pivot point 76 is provided at
the bottom corner 33. The ends 29 of the right arm 21
and left arm 23 are pivotably connected to one another
and pivotably connected to the movable base 42. The
movable base 42 may be guided along a rail 43 which
extends vertically. The rail 43 allows a vertical movement
of the movable base 42 but not a horizontal movement
of the movable base 42. An adjusting device 44 compris-
ing an actuator 45 is provided to move the movable base
in a vertical direction.
[0117] A vertical axis 17 is defined which extends
through the fixed base 50 and the movable base 42. The
vertical axis may also extend through the upper corner
31. The fixed base 50 and the movable base 42 are lo-
cated at a base distance 47 from one another. The ad-
justing device 44 is constructed to change the base dis-
tance 47. The upper corner 31 and lower corner 33 are
located at an arm distance 49 from one another.
[0118] The upper corner 31 may also be guided along
a vertical rail 62 in order to prevent any horizontal move-
ment of the upper corner 31 and of the mass support
member 18.
[0119] The right upper arm 22 and the right lower arm
21 make an angle γ with one another. Likewise, the left
upper arm 24 and the left lower arm 23 make an angle γ
with one another.
[0120] The arm mechanism 14 has the feature that
when the mass support member 18 is moved downward,
the spring connection points 27 are forced outwardly
away from each other, and a distance 59 (shown in the
right side in figure 3) between the spring connection
points 27 and the spring base point 52 is increased. This
results in an increase in the spring force F.
[0121] As in the devices of the prior art, it can be found
that as long as the axis 17 which is defined by the spring
base point 52 and the pivot point 76 of the movable base
extends parallel to the direction 71 of the weight force on
the arm mechanism, the moments of the load 12 and the
springs 36, 37 about the movable pivot point 25 of the
movable base vary with sin β, allowing a perfect equilib-
rium, i.e. a spring balanced mechanism.
[0122] In operation, an object 12 is suspended from
the mass support member 18. The object is weighed with
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the weighing device 16. The adjusting device 44 is op-
erated to move the movable base 42 in a vertical direc-
tion, see arrow 46. By moving the lower corner 33 in a
vertical direction, the springs 36, 37 are either extended
or shortened. A spring force F varies with the lengthening
or shortening of the springs 36, 37.
[0123] In this way, the weight of the object 12 can be
balanced by the combined spring force F of the springs
36, 37. In other words, the vertical components of the
forces exerted by the two upper arms 22, 24 on the mov-
able pivot point 25 of the upper corner 31 counteract the
weight of the object 12 when the moveable base 42 is in
the correct position. It is noted that by extending or short-
ening the springs, a certain amount of energy is brought
into the system or released from the system. When the
second movable pivot point 25 is located near the spring
base point 52, the adjustment can be carried out with
little or no force. In this way, the amount of energy in the
system stays substantially the same during the adjust-
ment process.
[0124] In practice, use can be made of this feature
when it is possible to have a fixed location where the
objects are engaged with the spring balanced support
device. For instance, when objects have to be picked up
from a same platform or belt conveyor each time, the
spring balanced support device can be configured such
that when the object support member is in the engage-
ment location, the second movable pivot point 25 is near
the spring base point 52, at its phantomspring distance,
where the adjustment can be done with zero force. The
same concepts as mentioned in the description of figure
3A apply
[0125] Once the weight of the object is balanced, the
object can be moved manually in a vertical direction with
very little force. Even a relatively heavy object can be
moved with little force. During the movement of the object
12, the position of the movable base 42 is held stationary,
i.e. the position of the movable base 42 is only moved
during the process of adjusting the spring balanced sup-
port device to a new weight.
[0126] Since the movable pivot point 76 is adjustable,
the spring balanced support device can be adjusted to
varying weights. The range of weights that can be han-
dled has an upper limit and a lower limit. The upper limit
and lower limits can be varied according to prevailing
conditions in the field of use. When the object is attached
to the mass support member 18, the weighing process
starts. When the weight is determined, the adjustment
device 44 is adjusted to the measured weight. This can
be done by hand or automatically. Next, a pick and place
operation in a vertical direction can be carried out on the
object. The vertical movement is indicated by arrow 48.
[0127] It is also possible that the weight of the objects
is known in advance. In such a case, the spring balanced
support device may be carried out without a weighing
device. The adjustment device 44 is then adjusted to the
known weight without weighing the objects. Examples
are standard size bricks or stones of which the weight is

known, or standard size cement bags, etc..
[0128] Turning to figure 3D, an embodiment is shown
having a manual adjusting device 145. The adjusting de-
vice has the form of a hand grip. With the hand grip, the
operator can simply move the movable base 42 up or
down. The manual adjusting device 44 is coupled to the
movable pivot point 76 via a "zero force device" 150. The
zero force device comprises a second arm mechanism
151 which is may be in the form of a four arm diamond
configuration. A lower corner 154 of the second arm
mechanism 151 is connected to a fixed base 152. The
hand grip is not connected to fixed base but only to the
movable base 42. A spring 156 is connected within the
second arm mechanism. The spring 156 extends be-
tween the left elbow 158 and right elbow 159.
[0129] The adjusting device comprises a hand grip
145. With the hand grip, the operator can simply move
the movable base 42 up or down. The hand grip 145 is
connected to the movable base 142 via a rod. When the
movable base 42 is moved downwards, springs 36, 37
shorten, which releases energy and therefore provides
a force. At the same time, spring 156 extends, which
costs energy, and therefore requires a force. The forces
may cancel each other out so that the adjusting process
does not require any force.
[0130] Turning to figure 3E, the pivot point axis 77 and
the axis 51 through the spring base point 52 are shown.
In this embodiment, the second movable pivot point
moves along an axis 160 which is not aligned with the
axis 17 but located at a distance from said axis 17. The
arm 22 pivots about axis 162 extending through the sec-
ond movable pivot point 25. The arm 22 is located at a
distance from arm 21 by a spacer element 164.
[0131] This embodiment allows the second movable
pivot point 25 and the spring base point to pass one an-
other.
[0132] In another embodiment, the spring base point
52 may be located at a distance from axis 17 along the
line 51. In that case, the axis 160 can be aligned with
axis 17 and the second movable pivot point 25 and the
spring base point 52 would still be able to pass one an-
other.
[0133] Turning to figure 4A a further embodiment is
shown. The spring balanced support device 10 compris-
es an overhead rail 80 and a wagon 82 which comprises
wheels 83 and is movable in a horizontal direction 86
along said rail 80. An upper rail 80 and a lower rail 80
are provided to fixate the wagon between the rails 80. A
vertical frame 84 or vertical arm 84 is suspended from
the wagon 82 and fixed to said wagon. Moments from
the frame 84 can be transferred to the rail 80 via the
wagon 82.
[0134] The embodiment has two arms 21, 22, i.e. a
lower arm 21 and an upper arm 22. The embodiment has
a single elbow and a single spring 36. It is noted that the
single spring 36 may be replaced by two or more springs,
for instance parallel springs, if needed. It is also possible
to distribute the force of a single spring over a left side

21 22 



EP 2 935 971 B1

13

5

10

15

20

25

30

35

40

45

50

55

and a right side of an arm mechanism.
[0135] A rail 43 is provided which extends vertically
and guides both the movable base 42 and the mass cou-
pling point 200 at the end 19 of the upper arm 22. The
upper end 28 of the upper arm 22 is held in a fixed hor-
izontal position by the rail 43.
[0136] The horizontal arm 60 comprises a first segment
66 and a second segment 68 which are slideably ar-
ranged relative to one another via a sliding or rolling
mechanism 67. This configuration allows a horizontal
movement of the object which is indicated by arrow 70.
The horizontal movement and the vertical movement to-
gether allow a movement in two dimensions with little
effort. The mass support member 18 is a platform on
which the object 12 may rest.
[0137] The carriage 61 further comprises a hinge 110
having a vertical axis 112. The hinge 110 allows rotation
of the horizontal arm 60 about the vertical axis 112, there-
by allowing a movement of the object 12 in three dimen-
sions.
[0138] Turning to figure 4B, another embodiment is
shown. The arm mechanism 14 comprises four arms 21,
22, 23, 24. The frame 84 houses the arm mechanism 14.
The springs 36 and 37 are located below the arm mech-
anism. The fixed base 50 is located below the arm mech-
anism 14. This allows the arm mechanism 14 to be placed
relatively high up in the spring balanced support device,
above an area where an operator is located. Further-
more, this configuration allows longer lengths of the
springs which results in a more constant spring force over
the operating range.
[0139] A spring base point 52 in the form of two pulleys
53A, 53B is located above the elbows 32, 34. The springs
36, 37 extend from the fixed base 50 to the spring base
point 52 and from the spring base point 52 to the right
and left elbows 32, 34. It is noted that the spring 36 may
end below the spring base point 52, but a spring cable
55 continues from the point onward. One spring cable 55
is guided over pulley 53A and one spring cable 55 is
guided over pulley 53B. The pulleys 53A, 53B are rotat-
able. The movable base 42 is positioned vertically un-
derneath the spring base point 52, i.e. along a same ver-
tical axis 17. The spring cables 55 cross one another at
the spring support, i.e. the left spring 36 is connected to
the right arm 21 and the right spring 37 is connected to
the left arm 23.
[0140] The elbows are also provided as pulleys 56, 57
which are fixed to the respective lower arms 22, 24. The
pulleys 56, 57 act as curved support surfaces and allow
the ends 38, 39 of the springs to engage the elbows 32,
34 without excessive local bending moments in the ends
38, 39 of the springs.
[0141] The carriage 61 is guided by the vertical rail 62
and is not connected directly to the arm mechanism 14.
Instead, the carriage 61 is connected to a pulley device
90 which in turn is connected to the arm mechanism 14
via a transmission 100. The pulley device 90 comprises
an upper pulley 92, a lower pulley 94 and a cable 96. The

carriage 61 is fixed to the cable 96.
[0142] The upper pulley 92 comprises a large pulley
wheel 92A and a small pulley wheel 92B. The cable 96
is guided over the large pulley wheel 92A. The small pul-
ley wheel 92B is connected to the transmission device
100 via a cable 101. The cable 92 is connected to a pulley
104 of the transmission device. The pulley 104 comprises
two pulley wheels 104A, 104B. The pulley wheel 104B
is connected via another cable 102 to a second pulley
105 of the transmission device. The cable 102 is con-
nected to the upper corner 31 of the arm mechanism 14.
This is where the mass coupling point 200 and the upper
movable pivot point 25 are located.
[0143] This embodiment achieves a relatively large op-
erating range of the mass support member 18 because
a large vertical movement 48 of the mass support mem-
ber 18 is transferred into a relatively small vertical move-
ment of the upper corner 31 of the arm mechanism 14.
[0144] The spring balanced support device further
comprises a brake member 127 which brakes the upper
pulley 92. The brake device 126 further comprises a
brake member 128 for the arm 60. The brake member
128 comprises a shoe which brakes the sliding or rolling
mechanism 67 in order to fixate the segments 66, 68
relative to one another. The brake members 127, 128
are operated with respective actuators 131, 133 which
are coupled to the control device 72 via connection lines
134, 135.
[0145] The segmented horizontal arm 60 allows small
horizontal movements, see arrow 70. The wagon 82 al-
lows large horizontal movements along the rail 80, see
arrow 86.
[0146] The brake device 126 comprises a further brake
member 129 which brakes the hinge 110 having a vertical
hinge axis 112 and a further brake member 129a which
brakes the hinge 110a having a vertical hinge axis 112a.
Therefore, the brake 126 brakes one or more of the fol-
lowing four different movements:

1) brake member 127 for braking the vertical move-
ment of movable support 61,
2) brake member 128 for braking the horizontal
movement of segment 68 relative to segment 66, and
3) brake member 129 for braking the pivoting move-
ment of arm 60 about pivot axis 112.
4) brake member 129a for braking the pivoting move-
ment about axis 112a of the mass 12 on platform 18.

[0147] All four brakes members may be connected to
the control device 72 via communication lines 134. Only
the brake member 127 on the movable support 61 is re-
quired for adjusting the movable pivot point 76. The other
three brake members 128, 129 and 129a make the spring
balanced support device more practical in its operation.
The brake member 127 can be released when the ad-
justing process is finished. The brake members 128, 129
and 129a can be released earlier than the brake member
127. The four brake members can be used in other em-
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bodiments as well. The brake members may also be op-
erated manually or triggered by a switch 136 which may
be connected to control unit 72.
[0148] In operation, the object 12 is placed on the plat-
form 18. The brake device 126 is turned on in order to
fixate the vertical position of the mass support member
18 and the object 12. The sliding or rolling mechanism
67 is also fixated. The weight is measured and the mov-
able base 42 is adjusted in order to balance the weight.
This only takes a relatively short period of time for most
objects. The object can then be moved in a horizontal
direction and a vertical direction. When the object 12 is
moved upwards, the cable 96 rotates the pulley 92.
[0149] The pulley 92 rotates the cable 101 which in
turn rotates the pulley 104. The pulley 104 rotates the
cable 102 which moves the upper corner 31 of the arm
mechanism 14 up or down.
[0150] The skilled person will understand that the hor-
izontal arm 60 and the vertical arm 84 need not be ori-
ented exactly horizontally or vertically, but may be ori-
ented at a slight angle.
[0151] The embodiment of figure 4A having two arms
can be combined with many of the features of the em-
bodiment of figure 4B, such as the pulley device 90, the
transmission device 100, the spring base point 52 in the
form of a pulley, the pulley 56 at the elbow and/or the
brake device 126 comprising the brake members 127,
128, 129.
[0152] In another embodiment, the weighing device
comprises an accelerometer. The accelerometer allows
the weighing operation to take place in motion, i.e. without
the brake device 126 being activated. Accelerometers
are known in the field of the art.
[0153] Turning to figures 5A and 5B, an embodiment
is shown which is based on the embodiment of figures
4A, 4B. The wagon 82 comprises wheels 83 which are
supported by a rail 80 which is not shown. The frame 84
extends downwards from the wagon. A housing 85 is
provided to cover the frame 84 and the parts of the spring
balanced support device. The arm mechanism 14 is pro-
vided inside the housing 85, near an upper end thereof
and inside an upper part of the housing which is wider
than a lower part of the housing.
[0154] The protruding arm 60 is rotatable about the
hinge 110 to provide full 3D movement of the mass sup-
port member 18. The mass support member 18 is a plat-
form, in particular a circular disc. The protruding arm 60
is a telescoping arm comprising two segments 66, 68.
Segment 68 telescopes inside segment 66.
[0155] The spring balanced support device 10 is posi-
tioned at a transport conveyor 118 for suitcases. An op-
erator 120 stand adjacent the transport conveyor and
pulls a suitcase from the transport conveyor onto the
mass support member 18. The brake device 126 is acti-
vated to fix the vertical position. Additionally, the pivoting
movement of arm 60 at hinge 110 and the telescoping
movement of arm 60 may be fixated by the brake. Next,
the weighing device 16 weighs the suitcase and adjusts

the movable base 42 via the control device and the ac-
tuator. The brake device 126 is subsequently de-activat-
ed. The operator can then simply lift the suitcase in any
direction he wants, for instance onto a container or wagon
122 holding many suitcases. A movement in a reversed
direction is also possible of course, i.e. the operator can
load the suitcases from the container or wagon 122 onto
the transport conveyor 118. Because the operator needs
very little force, the working environment is substantially
improved.
[0156] It will be clear to the skilled person that the
spring balanced support device according to the inven-
tion may be free of any motor for moving the object in a
horizontal direction or vertical direction, the spring bal-
anced support device allowing the movement in a hori-
zontal and vertical direction by manual labour and there-
fore more intuitive operation only.
[0157] An overhead rail 80 and a wagon 82 which com-
prises wheels 83 and is movable in a horizontal direction
86 along said rail 80. An upper rail 80 and a lower rail 80
are provided to fixate the wagon between the rails 80. A
vertical frame 84 or vertical arm 84 is suspended from
the wagon 82 and fixed to said wagon. Moments from
the frame 84 can be transferred to the rail 80 via the
wagon 82.
[0158] The embodiment has two arms 21, 22, i.e. a
lower arm 21 and an upper arm 22. The embodiment has
a single elbow and a single spring 36. It is noted that the
single spring 36 may be replaced by two or more springs,
for instance parallel springs, if needed. It is also possible
to distribute the force of a single spring over a left side
and a right side of an arm mechanism.
[0159] A rail 43 is provided which extends vertically
and guides both the movable base 42 and the mass cou-
pling point 200 at the end 19 of the upper arm 22. The
upper end 28 of the upper arm 22 is held in a fixed hor-
izontal position by the rail 43.
[0160] The horizontal arm 60 comprises a first segment
66 and a second segment 68 which are slideably ar-
ranged relative to one another via a sliding or rolling
mechanism 67. This configuration allows a horizontal
movement of the object which is indicated by arrow 70.
The horizontal movement and the vertical movement to-
gether allow a movement in two dimensions with little
effort. The mass support member 18 is a platform on
which the object 12 may rest.
[0161] The carriage 61 further comprises a hinge 110
having a vertical axis 112. The hinge 110 allows rotation
of the horizontal arm 60 about the vertical axis 112, there-
by allowing a movement of the object 12 in three dimen-
sions.
[0162] Turning to figure 6A, it is shown that one aspect
not according to the invention can be regarded independ-
ently and can be applied in any kind of spring balanced
support device. This relates to the combination of weigh-
ing device, control device and adjusting mechanism.
[0163] Figure 6A shows a spring balanced support de-
vice 1 according to the prior art, i.e. as shown in figure
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1, but further comprising the combination of a weighing
device 16, a control unit 72 and an adjusting mechanism
44 comprising an actuator 45. The actuator is coupled to
the base 5 for adjusting the spring 3. With this embodi-
ment, a rapid adjustment of the spring balanced support
device to a variable weight is also possible, allowing pick
and place operations. The embodiment of figure 9 pro-
vides a substantial improvement over the prior art. The
weighing device 16 can be provided with a accelerometer
if required. Alternatively or in combination with the actu-
ator which is coupled to the base 5, an actuator 45b may
be provided on the arm which is coupled to the slider 8.
A brake device may also be provided.
[0164] Turning to figure 6B, an embodiment is shown
having two arms 21, 22 and a spring connection point 27
which is movable in a cam on the arm 21 by an actuator
45b. The lower end 29 of the first arm 21 is connected
to a fixed base. The spring base point 52 is connected
to a movable base 125 and is movable with actuator 45.
In this embodiment, both ends of the spring can be ad-
justed. In use, the control device 72 receives the weight
signal from the weighing device 16 and transmit a actu-
ation signal to the actuators 45, 45b.
[0165] As required, detailed embodiments of the
present invention are disclosed herein; however, it is to
be understood that the disclosed embodiments are mere-
ly exemplary of the invention, which can be embodied in
various forms. Therefore, specific structural and function-
al details disclosed herein are not to be interpreted as
limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the present invention in virtually any
appropriately detailed structure. Further, the terms and
phrases used herein are not intended to be limiting, but
rather, to provide an understandable description of the
invention.
[0166] The terms "a" or "an", as used herein, are de-
fined as one or more than one. The term plurality, as
used herein, is defined as two or more than two. The term
another, as used herein, is defined as at least a second
or more. The terms including and/or having, as used
herein, are defined as comprising (i.e., open language,
not excluding other elements or steps). Any reference
signs in the claims should not be construed as limiting
the scope of the claims or the invention.
[0167] The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage.

Claims

1. Spring balanced support device (10) comprising at
least one arm (21), connected to its surroundings via
a movable pivot point (76) and a second arm (22),

the first (21) and second (22) arm forming an

arm mechanism (14) to which a mass (12) may
be coupled directly or indirectly at a mass cou-
pling point (200),
wherein an axis (17) extends through the mov-
able pivot point (76) and extends substantially
parallel to a direction (71) of a force exerted on
the spring balanced support device (10) at the
mass coupling point (200) due to the force of
gravity on the mass (12),
characterised in that:

- the second arm (22) is connected to the
first arm (21) at an elbow pivot point (26),
the second arm (22) being coupled to the
surroundings via a second movable pivot
point (25), wherein the second movable piv-
ot point (25) is movable substantially paral-
lel to said axis (17), or
- the second arm (22) is connected to the
first arm via a pivot connection (26), the sec-
ond arm having a fixed orientation with re-
spect to the axis (17), wherein the pivot con-
nection (26) is slideable along the first or
second arm, wherein the second arm is
movable along a direction substantially par-
allel to said axis (17),

wherein the arm mechanism is balanced by at
least one spring (36), at one end directly or in-
directly connected to the arm mechanism (14)
at a spring connection point (27), the other end
directly or indirectly connected to the surround-
ings at a spring base point (52),
wherein the spring base point (52) is located
substantially on said axis (17), or wherein the
spring base point (52) is located at a distance
from said axis (17) along a line (51) which inter-
sects the axis (17) and which extends substan-
tially parallel to a pivot point axis (77) of the mov-
able pivot point (76),
wherein the movable pivot point (76) is movable
along the axis (17) in order to adjust the spring
balanced support device (10).

2. Spring balanced support device according to claim
1, wherein the arm mechanism (14) is not connected
to any fixed base and wherein each part of the arm
mechanism is movable at least in a direction parallel
to the axis (17).

3. Spring balanced support device according to any of
the preceding claims, wherein the position of the
spring connection point (27) is fixed and non-adjust-
able and/or wherein the position of the spring base
point (52) is fixed and non-adjustable.

4. Spring balanced support device according to any of
the preceding claims, wherein the second movable
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pivot point (25) is operable to be positioned at a pre-
determined distance (300) from the spring base point
(52), wherein a change in potential energy of the arm
mechanism (14) as a result of a movement of the
first pivot point (76) is substantially the same as a
change in spring energy in the least one spring (36)
as a result of said movement.

5. Spring balanced support device according to claim
5, wherein the second movable pivot point (25) is
operable to be positioned near the spring base point
(52) and between the spring base point and the first
movable pivot point (76) during the adjusting proc-
ess.

6. Spring balanced support device according to any of
the preceding claims, further comprising a brake de-
vice (126) constructed to:

- during an adjusting step, fixate a position of
the mass coupling point along said axis while
allowing a movement of movable pivot point (76)
along said axis, and/or
- during a balancing step, fixate the position of
the movable pivot point (76) along said axis
while allowing a movement of mass coupling
point along said axis.

7. Spring balanced support device according to any of
the preceding claims, wherein the spring balanced
support device further comprises:

- a weighing device (22) configured to weigh the
mass which is supported by a mass support
member,
- an actuator (45) being constructed to move the
movable pivot point (76),
- a control device (72) being connected to the
weighing device and to the actuator, wherein the
control device is configured to control the actu-
ator for adjusting the position of the movable piv-
ot point (76) on the basis of a signal of the weigh-
ing device which is indicative of the measured
weight of the mass.

8. Spring balanced support device according to claim
6 and 7, wherein the brake device (126) is coupled
to the control device, the control device being con-
figured to fixate the position of the mass coupling
point (200) along the axis (17) during the weighing
of the mass.

9. Spring balanced support device according to any of
the preceding claims, comprising:

- a wagon (82) comprising wheels or skidding
members,
- a frame (84) being connected to said wagon,

the frame extending over a vertical distance,

wherein the arm mechanism (14) and the at least
one spring (36, 37) are connected to said frame (84).

10. Spring balanced support device according to any of
the preceding claims, comprising a transmission de-
vice (100) being mechanically interposed between
the mass and the arm mechanism (14), the trans-
mission device (100) being configured to cause a
ratio of a vertical movement of the mass coupling
point and a vertical movement of the mass itself to
be less than 1:1,25 or more than 1: 0,75.

11. Spring balanced support device according to any of
the preceding claims, comprising a protruding arm
(60) which is connected directly or indirectly to the
arm mechanism, wherein the protruding arm ex-
tends over a horizontal distance, wherein the pro-
truding arm is connected to a carriage which is guid-
ed by a rail which extends parallel to said axis, where-
in the protruding arm is connected to the arm mech-
anism via a hinge (110) having a vertical axis (112).

12. Spring balanced support device according to any the
preceding claims, further comprising a pulley device
(90) comprising an upper pulley (92), a lower pulley
(94) and an endless flexible member (96) being sup-
ported by the upper and lower pulley and extending
at least in part parallel to said rail (62), wherein the
mass (12) is connected to the mass coupling point
via said endless flexible member.

13. Spring balanced support device according to claim
12, comprising one or more of the following brake
members:

1) a first brake member (127) for braking a ver-
tical movement of the mass,
2) a second brake member (128) for braking a
horizontal movement of the second arm seg-
ment (68) relative to the first arm segment (66),
3) a third brake member (129) for braking the
pivoting movement of the arm (60) about pivot
axis (112), and/or
4) a fourth brake member (129a) for braking the
pivoting movement of the mass (12) about pivot
axis (112a),

wherein the one or more brake members are con-
nected to the control device (72) via communication
lines (134), the control device being configured to
switch the one of more brake members on or off,
together or separately.

14. Method of supporting a mass, the method compris-
ing
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- providing a spring balanced support device
(10) comprising at least one arm (21), connected
to its surroundings via a movable pivot point (76)
and a second arm (22),

the first and second arm forming an arm
mechanism (14) to which a mass (12) may
be coupled directly or indirectly at a mass
coupling point (200),
wherein an axis (17) extends through the
movable pivot point (76) and extends sub-
stantially parallel to a direction (71) of a
force exerted on the spring balanced sup-
port device at the mass coupling point due
to the force of gravity on the mass,
wherein:

• the second arm is connected to the
first arm at an elbow pivot point (26),
the second arm being further coupled
to the surroundings via a second mov-
able pivot point (25) which is movable
substantially parallel to said axis (17),
or
• the second arm (22) is connected to
the first arm via a pivot connection (26),
the second arm having a fixed orienta-
tion with respect to the axis (17), where-
in the pivot connection (26) is slideable
along the first or second arm, wherein
the second arm is movable along a di-
rection substantially parallel to said axis
(17),

wherein the arm mechanism is balanced by
at least one spring (36), at one end directly
or indirectly connected to the arm mecha-
nism at a spring connection point (27), the
other end directly or indirectly connected to
the surroundings at a spring base point (52),
wherein the spring base point (52) is located
substantially on said axis (17), or wherein
the spring base point (52) is located at a
distance from said axis (17) along a line (51)
which intersects the axis (17) and which ex-
tends substantially parallel to a pivot point
axis (77) of the movable pivot point (76),
wherein the movable pivot point (76) is mov-
able along the axis (17) in order to adjust
the spring balanced support device (10),

the method further comprising:

- engaging the mass (12) with the spring bal-
anced support device (10),
- adjusting the position of the first movable pivot
point (76) so that the spring balanced support
device generates a spring force which balances

the weight of the mass, and
- moving the mass (12) relative to the spring bal-
anced support device (10).

15. Method according to claim 14, wherein the spring
base point (52) is located substantially along said
axis and within an operating range of the second
movable pivot point (25) along said axis, the method
comprising engaging or disengaging the mass (12)
by the spring balanced support device (10) in a po-
sition wherein the second movable pivot point (25)
is positioned at or near the position of the spring base
point (52) along said axis, in which position a change
in potential energy of the arm mechanism as a result
of the moving of the first movable pivot point is sub-
stantially the same as a change in spring energy in
the at least one spring,
wherein the second movable pivot point (25) is po-
sitioned between the first movable pivot point (76)
and the spring base point (52) at the moment of en-
gagement.

Patentansprüche

1. Federbalancierte Stützvorrichtung (10), umfassend
zumindest einen Arm (21), der mit seiner Umgebung
über einen beweglichen Drehpunkt (76) verbunden
ist, und einen zweiten Arm (22),
wobei der erste Arm (21) und der zweite Arm (22)
einen Armmechanismus (14) bilden, an den eine
Masse (12) direkt oder indirekt in einem Massekopp-
lungspunkt (200) gekoppelt werden kann,
wobei sich eine Achse (17) durch den beweglichen
Drehpunkt (76) erstreckt und sich im Wesentlichen
parallel zu einer Richtung (71) einer Kraft erstreckt,
die auf die federbalancierte Stützvorrichtung (10) an
dem Massekopplungspunkt (200) aufgrund der
Schwerkraft auf die Masse (12) ausgeübt wird,
dadurch gekennzeichnet, dass

- der zweite Arm (22) mit dem ersten Arm (21)
an einem Ellbogendrehpunkt (26) verbunden ist,
wobei der zweite Arm (22) mit der Umgebung
über einen zweiten beweglichen Drehpunkt (25)
gekoppelt ist, wobei der zweite bewegliche
Drehpunkt (25) im Wesentlichen parallel zu der
Achse (17) beweglich ist, oder
- der zweite Arm (22) mit dem ersten Arm über
eine Drehverbindung (26) verbunden ist, wobei
der zweite Arm eine feste Ausrichtung in Bezug
auf die Achse (17) aufweist, wobei die Drehver-
bindung (26) entlang des ersten oder zweiten
Arms verschiebbar ist, wobei der zweite Arm
entlang einer im Wesentlichen zu der Achse (17)
parallelen Richtung beweglich ist,

wobei der Armmechanismus durch zumindest eine
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Feder (36) balanciert ist, an einem Ende direkt oder
indirekt mit dem Armmechanismus (14) an einem
Federverbindungspunkt (27) verbunden ist, das an-
dere Ende direkt oder indirekt mit der Umgebung an
einem Federbasispunkt (52) verbunden ist,
wobei der Federbasispunkt (52) im Wesentlichen auf
der Achse (17) liegt, oder wobei der Federbasispunkt
(52) in einem Abstand von der Achse (17) entlang
einer Geraden (51) angeordnet ist, die die Achse
(17) kreuzt und die sich im Wesentlichen parallel zu
einer Drehpunktachse (77) des beweglichen Dreh-
punktes (76) erstreckt,
wobei der bewegliche Drehpunkt (76) entlang der
Achse (17) beweglich ist, um die federbalancierte
Stützvorrichtung (10) einzustellen.

2. Federbalancierte Stützvorrichtung nach Anspruch 1,
wobei der Armmechanismus (14) mit keiner festge-
legten Basis verbunden ist und wobei jedes Teil des
Armmechanismus zumindest in einer zu der Achse
(17) parallelen Richtung beweglich ist.

3. Federbalancierte Stützvorrichtung nach einem der
vorangegangenen Ansprüche, wobei die Position
des Federverbindungspunktes (27) festgelegt und
nicht einstellbar ist und/oder wobei die Position des
Federbasispunktes (52) festgelegt und nicht einstell-
bar ist.

4. Federbalancierte Stützvorrichtung nach einem der
vorangegangenen Ansprüche, wobei der zweite be-
wegliche Drehpunkt (25) so betätigbar ist, dass er in
einem vorbestimmten Abstand (300) von dem Fe-
derbasispunkt (52) positioniert werden kann, wobei
eine Änderung der potentiellen Energie des Armme-
chanismus (14) als Ergebnis einer Bewegung des
ersten Drehpunktes (76) im Wesentlichen die glei-
che ist wie eine Änderung der Federenergie in der
zumindest einen Feder (36) als Ergebnis der Bewe-
gung.

5. Federbalancierte Stützvorrichtung nach Anspruch 5,
wobei der zweite bewegliche Drehpunkt (25) so be-
tätigbar ist, dass er während des Einstellvorgangs
in der Nähe des Federbasispunkts (52) und zwi-
schen dem Federbasispunkt und dem ersten beweg-
lichen Drehpunkt (76) positioniert werden kann.

6. Federbalancierte Stützvorrichtung nach einem der
vorangegangenen Ansprüche, die des Weiteren ei-
ne Bremsvorrichtung (126) umfasst, die dazu aus-
gelegt ist:

- während eines Einstellschrittes eine Position
des Massekopplungspunktes entlang der Ach-
se festzulegen, während eine Bewegung des
beweglichen Drehpunktes (76) entlang der Ach-
se ermöglicht wird, und/oder

- während eines Ausgleichsschrittes die Positi-
on des beweglichen Drehpunktes (76) entlang
der Achse zu fixieren, während eine Bewegung
des Massekopplungspunktes entlang der Ach-
se ermöglicht wird.

7. Federbalancierte Stützvorrichtung nach einem der
vorangegangenen Ansprüche, wobei die federba-
lancierte Stützvorrichtung des Weiteren umfasst:

- eine Wägevorrichtung (22), die eingerichtet ist,
die Masse zu wiegen, die von einem Massestüt-
zelement gestützt wird,
- einen Aktuator (45), der eingerichtet ist, den
beweglichen Drehpunkt (76) zu bewegen,
- eine Steuervorrichtung (72), die mit der Wäge-
vorrichtung und dem Aktuator verbunden ist,
wobei die Steuervorrichtung eingerichtet ist, den
Aktuator zum Einstellen der Position des be-
weglichen Drehpunkts (76) anhand eines Sig-
nals der Wägevorrichtung zu steuern, das das
gemessene Gewicht der Masse anzeigt.

8. Federbalancierte Stützvorrichtung nach Anspruch 6
und 7, wobei die Bremsvorrichtung (126) mit der
Steuervorrichtung gekoppelt ist, wobei die Steuer-
vorrichtung eingerichtet ist, die Position des Masse-
kopplungspunktes (200) während des Wiegens der
Masse entlang der Achse (17) festzulegen.

9. Federbalancierte Stützvorrichtung nach einem der
vorangegangenen Ansprüche, umfassend:

- einen Laufwagen (82), der Räder oder Gleite-
lemente umfasst, und
- einen Rahmen (84), der mit dem Laufwagen
verbunden ist, wobei sich der Rahmen über eine
vertikale Entfernung erstreckt,

wobei der Armmechanismus (14) und die zumindest
eine Feder (36, 37) mit dem Rahmen (84) verbunden
sind.

10. Federbalancierte Stützvorrichtung nach einem der
vorangegangenen Ansprüche, umfassend eine
Übertragungsvorrichtung (100), die mechanisch
zwischen der Masse und dem Armmechanismus
(14) angeordnet ist, wobei die Übertragungsvorrich-
tung (100) eingerichtet ist, ein Verhältnis einer ver-
tikalen Bewegung des Massekopplungspunktes und
einer vertikalen Bewegung der Masse selbst von we-
niger als 1:1,25 oder mehr als 1:0,75 zu bewirken.

11. Federbalancierte Stützvorrichtung nach einem der
vorangegangenen Ansprüche, umfassend einen
vorstehenden Arm (60), der direkt oder indirekt mit
dem Armmechanismus verbunden ist, wobei sich
der vorstehende Arm über eine horizontale Distanz
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erstreckt, wobei der vorstehende Arm mit einem
Schlitten verbunden ist, der durch eine Schiene ge-
führt wird, die sich parallel zu der Achse erstreckt,
wobei der vorstehende Arm mit dem Armmechanis-
mus über ein Gelenk (110) verbunden ist, das eine
vertikale Achse (112) aufweist.

12. Federbalancierte Stützvorrichtung nach einem der
vorangegangenen Ansprüche, des Weiteren umfas-
send eine Riemenscheibenvorrichtung (90), die eine
obere Riemenscheibe (92), eine untere Riemen-
scheibe (94) und ein endloses flexibles Element (96)
umfasst, das von der oberen und der unteren Rie-
menscheibe gestützt wird und das sich zumindest
teilweise parallel zu der Schiene (62) erstreckt, wo-
bei die Masse (12) über das endlose flexible Element
mit dem Massekopplungspunkt verbunden ist.

13. Federbalancierte Stützvorrichtung nach Anspruch
12, die eines oder mehrere der folgenden Bremse-
lemente umfasst:

1) ein erstes Bremselement (127) zum Bremsen
einer vertikalen Bewegung der Masse;
2) ein zweites Bremselement (128) zum Brem-
sen einer horizontalen Bewegung des zweiten
Armsegments (68) relativ zu dem ersten Arm-
segment (66);
3) ein drittes Bremselement (129) zum Bremsen
der Drehbewegung des Arms (60) um eine
Drehachse (112), und/oder
4) ein viertes Bremselement (129a) zum Brem-
sen der Drehbewegung der Masse (12) um eine
Drehachse (112a),

wobei das eine oder die mehreren Bremselemente
über Kommunikationsleitungen (134) mit der Steu-
ervorrichtung (72) verbunden sind, wobei die Steu-
ervorrichtung eingerichtet ist, um das eine oder die
mehreren Bremselemente gemeinsam oder ge-
trennt ein- oder auszuschalten.

14. Verfahren zum Stützen einer Masse, wobei das Ver-
fahren umfasst:

- Bereitstellen einer federbalancierten Stützvor-
richtung (10), die zumindest einen Arm (21), der
mit seiner Umgebung über einen beweglichen
Drehpunkt (76) verbunden ist, und einen zwei-
ten Arm (22) umfasst,

wobei der erste Arm (21) und der zweite
Arm (22) einen Armmechanismus (14) bil-
den, an den eine Masse (12) direkt oder in-
direkt in einem Massekopplungspunkt
(200) gekoppelt werden kann,
wobei sich eine Achse (17) durch den be-
weglichen Drehpunkt (76) erstreckt und

sich im Wesentlichen parallel zu einer Rich-
tung (71) einer Kraft erstreckt, die auf die
federbalancierte Stützvorrichtung an dem
Massekopplungspunkt aufgrund der
Schwerkraft auf die Masse ausgeübt wird,
wobei:

• der zweite Arm (22) mit dem ersten
Arm an einem Ellbogendrehpunkt (26)
verbunden ist, wobei der zweite Arm
des Weiteren mit der Umgebung über
einen zweiten beweglichen Drehpunkt
(25) gekoppelt ist, der im Wesentlichen
parallel zu der Achse (17) beweglich ist,
oder
• der zweite Arm (22) mit dem ersten
Arm über eine Drehverbindung (26)
verbunden ist, wobei der zweite Arm ei-
ne feste Ausrichtung in Bezug auf die
Achse (17) aufweist, wobei die Dreh-
verbindung (26) entlang des ersten
oder zweiten Arms verschiebbar ist,
wobei der zweite Arm entlang einer im
Wesentlichen zu der Achse (17) paral-
lelen Richtung beweglich ist,

wobei der Armmechanismus durch zumin-
dest eine Feder (36) balanciert ist, die an
einem Ende direkt oder indirekt mit dem
Armmechanismus (14) an einem Federver-
bindungspunkt (27) verbunden ist, wobei
das andere Ende direkt oder indirekt mit der
Umgebung an einem Federbasispunkt (52)
verbunden ist,
wobei der Federbasispunkt (52) im Wesent-
lichen auf der Achse (17) liegt, oder wobei
der Federbasispunkt (52) in einem Abstand
von der Achse (17) entlang einer Geraden
(51) angeordnet ist, die die Achse (17)
kreuzt und die sich im Wesentlichen parallel
zu einer Drehpunktachse (77) des beweg-
lichen Drehpunktes (76) erstreckt,
wobei der bewegliche Drehpunkt (76) ent-
lang der Achse (17) beweglich ist, um die
federbalancierte Stützvorrichtung (10) ein-
zustellen;

wobei das Verfahren des Weiteren umfasst:

- Eingreifen der Masse (12) in die federbalan-
cierte Stützvorrichtung (10),
- Einstellen der Position des ersten beweglichen
Drehpunktes (76), so dass die federbalancierte
Stützvorrichtung eine Federkraft erzeugt, die
das Gewicht der Masse ausgleicht, und
- Bewegen der Masse (12) relativ zu der feder-
balancierten Stützvorrichtung (10).
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15. Verfahren nach Anspruch 14, wobei der Federba-
sispunkt (52) im Wesentlichen entlang der Achse
und innerhalb eines Betätigungsbereichs des zwei-
ten beweglichen Drehpunktes (25) entlang der Ach-
se angeordnet ist, wobei das Verfahren ein Eingrei-
fen oder Lösen der Masse (12) durch die federba-
lancierte Stützvorrichtung (10) in einer Position um-
fasst, in der der zweite bewegliche Drehpunkt (25)
an oder nahe der Position des Federbasispunktes
(52) entlang der Achse positioniert ist, wobei in die-
ser Position eine Änderung der potentiellen Energie
des Armmechanismus als Folge der Bewegung des
ersten beweglichen Drehpunktes im Wesentlichen
die gleiche ist wie eine Änderung der Federenergie
in der mindestens einen Feder,
wobei der zweite bewegliche Drehpunkt (25) zum
Zeitpunkt des Eingriffs zwischen dem ersten beweg-
lichen Drehpunkt (76) und dem Federbasispunkt
(52) positioniert ist.

Revendications

1. Dispositif de support équilibré par ressort (10) com-
prenant au moins un bras (21), raccordé à son en-
vironnement par l’intermédiaire un point de pivote-
ment mobile (76), et un second bras (22),
les premier (21) et second (22) bras formant un mé-
canisme de bras (14) auquel une masse (12) peut
être couplée directement ou indirectement au niveau
d’un point de couplage de masse (200),
dans lequel un axe (17) s’étend à travers le point de
pivotement mobile (76) et s’étend sensiblement pa-
rallèlement à une direction (71) d’une force exercée
sur le dispositif de support équilibré par ressort (10)
au niveau du point de couplage de masse (200) grâ-
ce à la force de gravité exercée sur la masse,
caractérisé en ce que :

- le second bras (22) est raccordé au premier
bras (21) à un point de pivotement coudé (26),
le second bras (22) étant couplé à l’environne-
ment par l’intermédiaire d’un second point de
pivotement mobile (25), dans lequel le second
point de pivotement mobile (25) est mobile sen-
siblement parallèlement audit axe (17), ou
- le second bras (22) est raccordé au premier
bras par l’intermédiaire d’une liaison pivot (26),
le second bras ayant une orientation fixe par rap-
port à l’axe (17), et dans lequel la liaison pivot
(26) peut coulisser le long du premier ou du se-
cond bras, dans lequel le second bras est mobile
le long d’une direction sensiblement parallèle
audit axe (17),

dans lequel le mécanisme de bras est équilibré par
au moins un ressort (36), à une extrémité raccordée
directement ou indirectement au mécanisme de bras

(14) à un point de raccordement (27) de ressort,
l’autre extrémité raccordée directement ou indirec-
tement à l’environnement à un point de base (52) de
ressort,
dans lequel le point de base (52) de ressort est situé
sensiblement sur ledit axe (17), ou dans lequel le
point de base (52) de ressort est situé à une distance
dudit axe (17) le long d’une ligne (51) qui coupe l’axe
(17) et qui s’étend sensiblement parallèlement à un
axe de point de pivotement (77) du point de pivote-
ment mobile (76),
dans lequel le point de pivotement mobile (76) est
mobile le long de l’axe (17) afin de régler le dispositif
de support équilibré par ressort (10).

2. Dispositif de support équilibré par ressort selon la
revendication 1, dans lequel le mécanisme de bras
(14) n’est raccordé à aucune base fixe et dans lequel
chaque partie du mécanisme de bras est mobile au
moins dans une direction parallèle à l’axe (17).

3. Dispositif de support équilibré par ressort selon l’une
quelconque des revendications précédentes, dans
lequel la position du point de raccordement (27) de
ressort est fixe et non réglable et / ou dans lequel la
position du point de base (52) de ressort est fixe et
non réglable.

4. Dispositif de support équilibré par ressort selon l’une
quelconque des revendications précédentes, dans
lequel le second point de pivotement mobile (25)
peut fonctionner pour être positionné à une distance
prédéterminée (300) du point de base (52) de res-
sort, dans lequel un changement de l’énergie poten-
tielle du mécanisme de bras (14) résultant d’un mou-
vement du premier point de pivotement (76) est sen-
siblement identique à une variation de l’énergie du
ressort dans le au moins un ressort (36) résultant
dudit mouvement.

5. Dispositif de support équilibré par ressort selon l’une
quelconque des revendications précédentes, dans
lequel le second point de pivotement mobile (25)
peut fonctionner pour être positionné près du point
de base (52) de ressort et entre le point de base de
ressort et le premier point de pivotement mobile (76)
pendant le processus de réglage.

6. Dispositif de support équilibré par ressort selon l’une
quelconque des revendications précédentes, com-
prenant en outre un dispositif de freinage (126) cons-
truit pour :

- lors d’une étape de réglage, fixer une position
du point de couplage de masse le long dudit axe
tout en permettant un déplacement du point de
pivotement mobile (76) le long dudit axe, et / ou
- lors d’une étape d’équilibrage, fixer la position
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du point de pivotement mobile (76) le long dudit
axe tout en permettant un déplacement du point
de couplage de masse le long dudit axe.

7. Dispositif de support équilibré par ressort selon l’une
quelconque des revendications précédentes, dans
lequel le dispositif de support équilibré par ressort
comprend en outre:

- un dispositif de pesage (22) configuré pour pe-
ser la masse qui est supportée par un élément
de support de masse,
- un actionneur (45) étant construit pour dépla-
cer le point de pivotement mobile (76),
- un dispositif de commande (72) étant raccordé
au dispositif de pesage et à l’actionneur, dans
lequel le dispositif de commande est configuré
pour commander l’actionneur pour régler la po-
sition du point de pivotement mobile (76) sur la
base d’un signal du dispositif de pesage qui in-
dique le poids mesuré de la masse.

8. Dispositif de support équilibré par ressort selon les
revendications 6 et 7, dans lequel le dispositif de
freinage (126) est couplé au dispositif de commande,
le dispositif de commande étant configuré pour fixer
la position du point de couplage de masse (200) le
long de l’axe (17) pendant la pesée de la masse.

9. Dispositif de support équilibré par ressort selon l’une
quelconque des revendications précédentes,
comprenant :

- un wagon (82) comprenant des roues ou des
organes de dérapage,
- un châssis (84) étant raccordé audit wagon, le
châssis s’étendant sur une distance verticale,

dans lequel le mécanisme de bras (14) et le au moins
un ressort (36, 37) sont raccordés audit châssis (84).

10. Dispositif de support équilibré par ressort selon l’une
quelconque des revendications précédentes, com-
prenant un dispositif de transmission (100) étant mé-
caniquement interposé entre la masse et le méca-
nisme de bras (14), le dispositif de transmission
(100) étant configuré pour provoquer un mouvement
vertical du point de couplage de masse et un mou-
vement vertical de la masse elle-même d’un ratio qui
doit être inférieur à 1 : 1,25 ou supérieur à 1 : 0,75.

11. Dispositif de support équilibré par ressort selon l’une
quelconque des revendications précédentes, com-
prenant un bras en saillie (60) qui est raccordé di-
rectement ou indirectement au mécanisme de bras,
dans lequel le bras en saillie s’étend sur une distance
horizontale, dans lequel le bras en saillie est raccor-
dé à un chariot qui est guidé par un rail qui s’étend

parallèlement audit axe, dans lequel le bras en saillie
est raccordé au mécanisme de bras par l’intermé-
diaire d’une charnière (110) ayant un axe vertical
(112).

12. Dispositif de support équilibré par ressort selon l’une
quelconque des revendications précédentes, com-
prenant en outre un dispositif de poulie (90) compre-
nant une poulie supérieure (92), une poulie inférieure
(94) et un élément flexible sans fin (96) supporté par
les poulies supérieure et inférieure et s’étendant au
moins en partie parallèlement audit rail (62), dans
lequel la masse (12) est raccordée au point de cou-
plage de masse par l’intermédiaire dudit élément
flexible sans fin.

13. Dispositif de support équilibré par ressort selon la
revendication 12, comprenant un ou plusieurs des
éléments de freinage suivants :

1) un premier élément de freinage (127) pour
freiner un mouvement vertical de la masse,
2) un second élément de freinage (128) pour
freiner un mouvement horizontal du second seg-
ment de bras (68) par rapport au premier seg-
ment de bras (66),
3) un troisième élément de freinage (129) pour
freiner le mouvement de pivotement du bras (60)
autour de l’axe de pivotement (112), et / ou
4) un quatrième élément de freinage (129a) pour
freiner le mouvement de pivotement de la masse
(12) autour de l’axe de pivotement (112a),

dans lequel le ou les éléments de freinage sont rac-
cordés au dispositif de commande (72) par l’inter-
médiaire de lignes de communication (134), le dis-
positif de commande étant configuré pour allumer
ou éteindre l’un des plusieurs éléments de freinage,
ensemble ou séparément.

14. Procédé de support d’une masse, le procédé
comprenant :

- la fourniture d’un dispositif de support équilibré
par ressort (10) comprenant au moins un bras
(21), raccordé à son environnement par l’inter-
médiaire d’un point de pivotement mobile (76)
et un second bras (22),

les premier (21) et second (22) bras formant
un mécanisme de bras (14) auquel une
masse (12) peut être couplée directement
ou indirectement au niveau d’un point de
couplage de masse (200),
dans lequel un axe (17) s’étend à travers le
point de pivotement mobile (76) et s’étend
sensiblement parallèlement à une direction
(71) d’une force exercée sur le dispositif de
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support équilibré par ressort au niveau du
point de couplage de masse grâce à la force
de gravité exercée sur la masse,
dans lequel:

• le second bras est raccordé au pre-
mier bras à un point de pivotement cou-
dé (26), le second bras étant en outre
couplé à l’environnement par l’intermé-
diaire d’un second point de pivotement
mobile (25) qui est mobile sensible-
ment parallèlement audit axe (17), ou
• le second bras (22) est raccordé au
premier bras par l’intermédiaire d’une
liaison pivot (26), le second bras ayant
une orientation fixe par rapport à l’axe
(17), et dans lequel la liaison pivot (26)
peut coulisser le long du premier ou du
second bras, dans lequel le second
bras est mobile le long d’une direction
sensiblement parallèle audit axe (17),

dans lequel le mécanisme de bras est équi-
libré par au moins un ressort (36), à une
extrémité raccordée directement ou indirec-
tement au mécanisme de bras à un point
de raccordement (27) de ressort, l’autre ex-
trémité raccordée directement ou indirecte-
ment à l’environnement à un point de base
(52) de ressort,
dans lequel le point de base (52) de ressort
est situé sensiblement sur ledit axe (17), ou
dans lequel le point de base (52) de ressort
est situé à une distance dudit axe (17) le
long d’une ligne (51) qui coupe l’axe (17) et
qui s’étend sensiblement parallèlement à
un axe de point de pivotement (77) du point
de pivotement mobile (76),
dans lequel le point de pivotement mobile
(76) est mobile le long de l’axe (17) afin de
régler le dispositif de support équilibré par
ressort (10),

le procédé comprenant en outre :

- l’engagement de la masse (12) avec le dispo-
sitif de support équilibré par ressort (10),
- le réglage de la position du premier point de
pivotement mobile (76) de sorte que le dispositif
de support équilibré par ressort génère une for-
ce de ressort qui équilibre le poids de la masse,
et
- le déplacement de la masse (12) par rapport
au dispositif de support équilibré par ressort
(10).

15. Procédé selon la revendication 14, dans lequel le
point de base de ressort (52) est situé sensiblement

sur un axe et dans une plage de fonctionnement du
second point de pivotement mobile (25) le long dudit
axe, le procédé comprenant l’engagement ou le dé-
sengagement de la masse (12) par le dispositif de
support équilibré par ressort (10) dans une position
dans laquelle le second point de pivotement mobile
(25) est positionné au niveau ou près de la position
du point de base du ressort (52) le long dudit axe,
dans laquelle position un changement d’énergie po-
tentielle du mécanisme de bras résultant du dépla-
cement du premier point de pivotement mobile est
sensiblement le même qu’un changement d’énergie
de ressort dans le au moins un ressort, dans lequel
le second point de pivotement mobile (25) est posi-
tionné entre le premier point de pivotement mobile
(76) et le point de base du ressort (52) au moment
de l’engagement.
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