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(57) Abstract: The invention relates to a method of balancing a load using a support system (100) for carrying and balancing a load
(180), the support system (100) including a base (110) and a load carrier (120) adapted to be connected to the load (180), at least
two support arms (130, 135) connecting the base (110) and the load carrier (120), such that the load carrier (120) is movable in fixed
orientation relative to the base (110), an extendable and retractable linear actuator (140) connecting the base (110) and spring means
(150), the linear actuator (140) being fixed to the base (110) and the spring means (150) being pivotably connected to the linear ac-
tuator (140) in an angle (¢) different from 0° and 180° and to one of the at least two support arms (130, 135) or the load carrier
(120), such that a first torque is exerted by the spring means (150) on said support arm or the load carrier relative to the base (110),
including the steps of blocking movement ot one of the at least two support arms (130, 135), determining whether a resulting torque
resulting from the first torque and a second torque exceeds a threshold by means of resulting torque determining means (160), the
second torque being exerted by the support system (100) and/or the load (180) on the spring means (150) counteracting the first
torque, and actuating the linear actuator (140) if the resulting torque exceeds the threshold in order to reduce the resulting torque, as
well as such a support system (100).
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Method of Balancing a Load Using a Support System and Support System

Field of the invention

The present invention essentially relates to a method of balancing a load using a support
system for carrying and balancing a load, especially microscopes, and such a support

system.

Background of the Invention

Support systems are typically used for carrying loads. For ease of movement of the load
carried by the support system the load should be balanced. Balancing a load can he
achieved by using a counter load creating a counter torque that compensates the torque
created by the load. This allows for easy movement of the load, in particular changing the

height of the load.

Balancing a load can also be achieved by using a spring or the like in order to compensate a
force or atorque created by the load. Since support systems can be used for different loads,
e.g. by exchanging the load or adding or removing components, balancing has to be

repeated with every change in the load.

A support system using a counter load is known from US 6 637 274 B2. This support
system uses a balance control system measuring imbalances in the forces and torques that
arise and adjusting the counter load. A measuring unit is integrated in a support arm used

for carrying the load.

Such a support system, however, has the disadvantage of a bulky system due to the counter

load necessary for balancing, although automatic balancing is possible.

It is an object of the invention to provide a possibility of compact and easy load balancing.

Disclosure of the Invention
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The problem is solved by a method of balancing a load and a support system for carrying
and balancing a load according to the independent claims. Advantageous embodiments are

the subject matter of the dependent claims as well as of the following description.

Advantages of the Invention

A method of balancing a load according to the invention uses a support system for carrying
and balancing a load including a base and a load carrier adapted to be connected to the load
and at least two support arms connecting the base and the load carrier, such that the load
carrier is movable in fixed orientation relative to the base. This means that the load does
not change its orientation relative to gravity, for example. This kind of carrier is also called
a parallelogram carrier since the support arms are usually linear and arranged in parallel.

Thus, the load is, for example, movable up and down with fixed orientation.

Further, the support systems includes an extendable and retractable linear actuator
connecting the base and spring means, the linear actuator being fixed to the base and the
spring means being pivotably connected to the linear actuator in an angle different from
0°C and 180° and to one of the at least two support arms or the load carrier, such that a
first torque is exerted by the spring means on said support arm or the load carrier relative
to the base. The first torque is thus a torque about an axis of rotation of one of the support
arms. This means that a weight force or torque exerted by the load and, if applicable,
further components of the support system on the base can be compensated by the spring

means.

To achieve balancing the method includes the steps of blocking movement of one of the at
least two support arms and determining whether a resulting torque resulting from the first
torque and a second torque exceeds a threshold by means of resulting torque determining,
the second torque being exerted by the support system and/or the load on the spring
means counteracting the first torque. The threshold can be a minimum torque necessary
for overcoming friction, for example. In other words, it can be determined whether one of

the support arms or the load moves. A further step comprises actuating the linear actuator
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if a resulting torque exceeds the threshold in order to reduce the resulting torque. The

second torque is thus also a torque about an axis of rotation of one of the support arms.

Since the spring means are connected to the linear actuator in an angle different from 0°
and 180° the spring means can exert a torque on the load. Further, upon actuating, i.e.
extending or retracting, the linear actuator will change the angle between the linear
actuator and the spring means. Thus, the torque can be changed by actuating the linear
actuator. Further, such an automatic determination allows for automatic actuation of the
linear actuator if the resulting torque exceeds the threshold, i.e. if the arms and the load
move, in order to reduce this resulting torque and thus balancing the load. An advantage of
this method is that no torque has to be measured but detection of any resulting torque, i.e.
movement of the arms and the load, is sufficient for achieving balancing. Typically, such
balance is necessary when the load is changed. In order to execute the mentioned

automatic balancing activation by pushing a button or the like is possible.

Preferably, the resulting torque determining means are adapted to determine whether one
of the at least two support arms or the load carrier is displaced to reach or pass a
predetermined position relative to the base. The predetermined position can be defined by
a position that will be reached or passed by any of the arms or the load if the resulting
torque causes a movement of the arms and the load about their rotation axis clockwise or
counter clockwise. Using such a predetermined position which can be defined by the
relation between the first and the second torque allows easy automatic determination
whether the first torque is greater than the second torque in absolute values or vice versa.
Possibilities for determining when this predetermined position has been reached or passed

are explained below with reference to the support system.

Advantageously, the step of actuating the linear actuator, if the resulting torque exceeds the
threshold, in order to reduce the resulting torque includes the step of actuating the linear
actuator, after one of the at least two support arms or the load carrier reaches or passes the
predetermined position, such that the one of the at least two support arms or the load
carrier is displaced away from the predetermined position in a direction reverse to a

direction for reaching or passing the predetermined position. A further step comprises
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actuating the linear actuator, after the one of the at least two support arms or the load
carrier is displaced away from the predetermined position, such that the one of the at least
two support arms or the load carrier will reach or pass the predetermined position again. A
further step comprises actuating the linear actuator, after the one of the at least two
support arms or the load carrier reaches or passes the predetermined position again, for a
calculated time period in a direction displacing the one of the at least two support arms or
the load carrier away from the predetermined position. These steps allow for reaching a

balance position easily without measuring any torques.

These steps allow for an easy procedure to balance the load automatically. By actuating the
linear actuator in order to reach and displace away from the predetermined position the
length and/or the time necessary for the linear actuator to reach or displace away from the
predetermined position can be determined or measured. Thus, a position near the
predetermined position which will be of low deviation between the torques and thus near
an optimum or at least almost optimum balance of the load can be easily found. These steps
or this procedure can be executed in an open-loop control sequence and can be

implemented in control means, for example.

It is of advantage if the calculated time period corresponds to half a time period, which
elapses while actuating the linear actuator in order to reach the predetermined position.
This means that, assuming a constant actuation velocity of the linear actuator, the position
reached corresponds to zero deviation or at least very little deviation between the torgues
and thus a very good balance of the load. Another possibility is to use a first order system
with a time delay (corresponding to static friction) and a time constant {corresponding to
inertia) for calculating the time period. If the optimal time period does not exactly
correspond to half the time period, a firmware could compensate for individual systems’

transfer function characteristics if deemed necessary.

A support system according to the invention can be used for carrying and balancing a load
and includes a base and aload carrier adapted to be connected to the load, at least two
support arms connecting the base and the load carrier, such that the load carrier is

movable in fixed orientation relative to the base. The support system further includes an
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extendable and retractable linear actuator connecting the base and spring means, the
linear actuator fixed to the base and the spring means being pivotably connected to the
linear actuator in an angle different from 0° and 180° and to one of the at least two support
arms or the load carrier, such that a first torque is exerted by the spring means on said

support arm or the load carrier relative to the base.

Further, resulting torque determining means for detecting whether a resulting torque
resulting from the first torque and a second torque exceeds a threshold, the second torque
exerted by the support system and/or the load on the spring means counteracting the first
torque, and control means arranged to actuate the linear actuator upon detection that a
resulting torque difference exceeds the threshold in order to reduce the resulting torque

are provided.

Since the spring means are connected to the linear actuator in an angle different from 0°
and 180° the spring means can exert a torque onto the load. Further, upon actuating, i.e.
extending or retracting, the linear actuator will change the angle between the linear
actuator and the spring means. Thus, the torque can be changed by actuation of the linear
actuator. Further, such an automatic determination allows automatic actuation of the linear
actuator upon a deviation between the first and second torque in order to reduce this
deviation, i.e. the resulting torque, and thus balancing the load. Typically, such balancing is
necessary if the load is changed. In order to execute this automatic balancing activation by

pushing a button or the like can be provided.

Preferably, the support system further includes braking means adapted to enable and block
movement of a component of the determining means and/or of one of the at least two
support arms relative to the base. Such braking means can fix the load and parts of the
resulting torque determining means in a desired position if movement shall be prevented
for detecting a resulting torque. Further, the braking means can be used for blocking
movement of the load during balancing. Activation of the braking means can be provided

by a button to be pushed or the like.
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Advantageously, the resulting torque determining means include a sensor for determining,
if movement of said support arm is blocked, whether one of the at least two support arms
or the load carrier reaches or passes a predetermined position relative to the base in order
to determine whether a resulting torque exceeds the threshold. Such a predetermined
position can be used to define the relation between the first and the second torque and
allows easy automatic determination whether the first torque is greater than the second
torque in absolute values or vice versa. The sensor allows easy determination of reaching

or passing certain positions by measuring distances, contacts or the like.

It is of advantage if the resulting torque determining means further include, as the
component, alever carrying the sensor or being adapted to interact with the sensor for
determining whether one of the at least two support arms or the load carrier reaches or
passes the predetermined position relative to the base. If such a lever is fixed to the base by
use of the braking means and is thus decoupled from movement of the support arms and
the load the lever can be used to define reference positions. If the sensor is carried by the
lever the sensor can be used to determine moving of one of the support arms along the
sensor, for example. If the lever is used to interact with the sensor, the sensor can be
mounted to one of the support arms, for example. Then the sensor moves along the lever

and can be used to determine certain positions.

Preferably, the sensor is selected from an electro mechanical sensor, an optical sensor, a
capacitive sensor and an inductive sensor. These types of sensor allow for easy
determination of positions and easy generation of signals to be transmitted to the control
means. It shall be understood that appropriate control means for controlling and reading

out the sensor can be necessary.

Advantageously, the braking means are selected from an electro magnetic brake, a
pneumatic brake and a hydraulic brake. These types of brakes allow for easy and effective
blocking of the movement of one of the support arms. It shall be understood that
appropriate control means for controlling for the brake and/or supply means can be

necessary, i.e. electricity, air or hydraulic fluid supply can be necessary.
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Itis of advantage if the braking means are of self-locking type. This means that the braking
means can block movement of the support arm in normal state and can enable movement
only if activated. The brake and anchor of the breaking means can be mounted to the base
and the arm, respectively, or vice versa. This enhances security of the support system since

no unexpected movement of the load can occur.

Preferably, the spring means are selected from a mechanical spring, a gas spring and a
hydraulic spring. These types of springs allow for easy and effective torque compensation.
it shall be understood that appropriate control and/or supply means, i.e. air or hydraulic
fluid supply, can be necessary. It is to be noted that the spring means can be of
compression-loaded or of tensile-loaded type. The type that has to be chosen depends on

the orientation of the spring means in relation to gravity which acts on the load.

Advantageously, the linear actuator is selected from an electro mechanical linear actuator,
a pneumatic linear actuator and a hydraulic linear actuator. These types of linear actuators
allow for easy and effective automatic actuation and thus change of the torque exerted by
the spring means. It shall be understood that appropriate control means for controlling the
linear actuator and /or supply means can be necessary, i.e. electricity, air or hydraulic fluid

supply can be necessary.

It is of advantage if the base is mounted on a stand or at a ceiling and /or if the support
system is used for carrying and balancing a microscope, especially a surgical microscope, as
the load. For such applications a balanced system is often needed within a short space of
time, for example during surgery, especially neuro surgery. Thus, easy movement is desired
which is achieved by balancing the load. For example, for surgery, especially neuro surgery,
surgeons will release the brakes and move the microscope to a different position so as to
magnify different areas of interest. The ease of moving this microscope (e.g. 15 to 40 kg,
depending on accessories attached) is dependent on the balanced condition. There is also
safety concern that if the microscope over the patient is not in balanced condition, the load
might fall on the patient ifthe surgéon'or operator is not careful to hold the load while

releasing the brake,
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Itis to be noted that the mentioned support system is preferably arranged to execute the
mentioned method. In particular, the control means of the support system comprise

appropriate control instructions to execute the method.

Further advantages and embodiments of the invention will become apparent from the

description and the appended figures.

It should be noted that the previously mentioned features and the features to be further
described in the following are usable not only in the respectively indicated combination,
but also in further combinations or taken alone, without departing from the scope of the
present invention.

In the drawings:

Fig. 1 shows a support system according to the invention in a preferred embodiment.

Fig. 2 shows the support system of Fig. 1 in another view.

Fig. 3 shows a detail of the support system of Fig. 1.

Fig. 4 shows a support system according to the invention in a further preferred

embodiment.
Fig. 5 shows a detail of the support system of Fig. 4.
Embodiment of the Invention
In Fig. 1 a support system 100 according to the invention in a preferred embodiment is

illustrated schematically. Support system 100 is adapted to perform a method according to

the invention in a preferred embodiment.



10

15

20

25

30

WO 2017/160224 PCT/SG2017/000005

Support system 100 includes a base 110 and a load carrier 120, which is adapted to be
connected to aload 180. Load 180 can be a microscope, in particular a surgical microscope,

for example.

Two support arms 130, 135 are provided connecting base 110 and load carrier 120, such
that load carrier 120 is movable in fixed orientation relative to base 110. This kind of

arrangement or support system is also called a parallelogram carrier since support arms
130, 135 are typically arranged parallel to each other. As can be seen from the figure load

carrier 120 can be moved in parallel to base 110.

Further, it is to be noted that such a support system 100 is typically mounted on a stand via
base 110 or mounted to a ceiling, e.g. in an operating room, via base 110. Thus, the load, i.e.
the microscope, for example, can be moved in the room while being connected to support

system 100.

Further, an extendable and retractable linear actuator 140 is provided connecting base 110
and spring means 150. Linear actuator 140 is fixed to base 110 with a defined angle and
spring means 150 are pivotably connected to linear actuator 140 in an angle ¢ different
from 0° and 180° and to support arm 130, such that a first torque is exerted by spring
means 150 on said support arm 130 relative to base 110. Linear actuator 140 can be of
electro mechanical type including an electric motor and a gear box, for example. Spring
means 150 can be of mechanical type including an elastic spring moving in a hollow

cylinder and exerting a force onto a piston, for example.

Since linear actuator 140 is fixed to base 110 spring means 150 can exert a force or a
second torque onto support arm 130 and thus onto load 180, It is to be noted that spring
means 150, in the shown case, have to be of the compression-loaded type in order to exert
a torque(first torque) counteracting the torque exerted by load 180 through gravity
(second torque). Further it is to be noted that also spring means of tensile-loaded type can

be used if the spring means are arranged in an appropriate way.
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Further, control means 115 are shown for controlling and actuating linear actuator 140. If
movement of support arm 130 relative to base 110 is blocked, angle ¢ between linear
actuator 140 and spring means 150 is changed by actuating, i.e. extending or retracting,
linear actuator 140, Thus, also the angle between spring means 150 and support arm 130 is
changed having the effect of changing the first torque exerted by spring means 150 onto
support arm 130 and load 180, respectively. In addition to angle changes in order to
manipulate torque, the length of the spring also changes and thus also influences the
torque. For example, a low spring constant can be used and therefore the angle change has

a greater influence than the displacement of spring.

Further, resulting torque determining means 160 are provided for detecting or
determining movement of support arm 130. Resulting torque determining means 160
include a sensor 162 and a lever 161 which are explained in more detail referring to Fig. 3

and the corresponding description.

In Fig. 2 support system 100 of Fig. 1 is shown in top view. Additionally to Fig. 1, braking
means 170 for blocking or enabling movement of support arm 130 relative to base 110 are
shown. Braking means 170 are, for example, of the electro magnetic type and include a
brake 171 and an anchor 172. Braking means 170 are of self-locking type and thus
movement of support arm 130 relative to base 110 is blocked in normal state and enabled
only if activated. This activation can be performed by appropriate control of braking means

170 by control means 115, for example.

Referring to Fig. 3, resulting torque determining means 160 of support system 100 of Fig. 1
are shown. While sensor 162 is mounted to support arm 130, lever 161 is fixed to base 110
via breaking means 170. Although any substantial movement of support arm 130 is
blocked by braking means 170, slight movement or bending can occur due to the second
torque exerted by load 180 on support arm 130. This movement or bending, however, does
not affect lever 161. Thus, if such movement or bending occurs sensor 162 is moved

relative to lever 161.
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In Fig. 3 the first torque is greater than the second torque, i.e. load 180 is pushed upwards
against gravity by the resulting torque. Thus, sensor 162, e.g. an inductive sensor, is pushed
away from lever 161 resulting in a gap 165 between sensor 162 and lever 161, [f the
second torque was greater than the first torque sensor 162 would be pushed towards lever
161 resulting in gap 165 closing. Thus, a predetermined positions P can be defined by
position at which sensor 162 switches from open to closed state, and reaching or passing of
this predetermined position can be determined using determining means 160. Sensor 162

can be connected to and be read out by control means 115, for example.

Support system 100 allows for performing a method according to the invention in a
preferred embodiment. Movement of support arm 130 can be blocked using braking means
170 and in particular by not activating braking means 170. When predetermined position P
is reached or passed by sensor 162, for example, linear actuator 140 can be actuated in
order to increase the first torque such that the predetermined position P will be left and
the sensor 162 switching from closed to open state. After predetermined position P has
been left, linear actuator 140 is actuated in order to decrease the first torque, such that
predetermined position P will be reached again. After the predetermined position P has
been reached again, linear actuator 140 is actuated such that a balanced position is

reached.

In order to reach this balanced position a time period elapsing during moving of linear
actuator 140 in order to leave the predetermined position P can be measured and
afterwards linear actuator 140 can be actuated for half that time period. Assuming a
constant actuation velocity a position in the middle of both positions, which have been
reached during the actuation procedure, is reached and the load is balanced, if the
acceleration is large enough to reach such a velocity. If a systematic delay exists, an

electronic compensation can be performed.

In Fig. 4 a support system 200 according to the invention in a further preferred
embodiment is illustrated schematically. Support system 200 is adapted to perform a

method according to the invention in a preferred embodiment.
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Support system 200 includes a base 210 and a load carrier 220, which is adapted to be
connected to aload (not shown} via coupling means 281. Such a load can be a microscope,

in particular a surgical microscope, for example.

Two support arms 230, 235 are provided connecting base 210 and load carrier 220, such
that load carrier 220 is movable in fixed orientation relative to base 210. This kind of
arrangement or support system is also called a parallelogram carrier since support arms
230,235 are typically arranged parallel two each other. As can be seen from the figure load

carrier 220 can be moved while maintaining load orientation relative to base 210,

Further, it is to be noted that such a support system is typically mounted on a stand via
base 210 or mounted to a ceiling, e.g. in an operating room, via base 210. Thus, the load, i.e.
the microscope, for example, can be moved in the room while being connected to support

system 200,

Further, an extendable and retractable linear actuator 240 is provided connecting base 210
and spring means 250, Linear actuator 240 is fixed to base 210 with a defined angle, and
spring means 250 are pivotably connected to linear actuator 240 in an angle different from
0° and 180° and to support arm 230, such that a first torque is exerted by spring means
250 on said support arm 230 relative to base 210. Linear actuator 240 can be of the electro
mechanical type including an electric motor and a gear box, for example. Linear actuator
240 is explained in more detail referring to Fig. 5 and the corresponding description.

Spring means 250 can be of the mechanical type including a gas spring piston, for example.

Since linear actuator 240 is fixed to base 210 spring means 250 can exert a force or a
second torque onto support arm 230 and thus onto the load. It is to be noted that spring
means 250, in the shown case, have to be of the compression-loaded type in order to exert
a torque(first torque) counteracting the torque exerted by the load through gravity (second
torque). Further it is to be noted that also spring means of the tensile-loaded type can be

used if the spring means are arranged in an appropriate way.
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Further, resulting torque determining means 260 are provided for determining movement
of support arm 230. Determining means 260 include a sensor 262 and a lever 260. Sensor
262 can be of capacitive type, for example. For operation of determining means 260 it is

referred to Fig. 3 and the corresponding explanation of determining means 160.

In Fig. 5 a detail of support system 200 of Fig. 4 is shown in another view (cf, arrows shown
in Fig. 4). Additionally to Fig. 4, braking means 270 for blocking or enabling movement of
support arm 230 relative to base 210 are shown. Braking means 270 are, for example, of
the electro magnetic type and include a brake 271 and an anchor 272. Braking means 270
are of self-locking type and thus movement of support arm 230 relative to base 210 is
blocked in normal state and enabled only if activated. This activation can be performed by

appropriate control of braking means 270 by control means 215, for example.

Further, control means 215 are shown for controlling and actuating linear actuator 240. If
movement of support arm 230 relative to base 210 is blocked, the angle between linear
actuator 240 and spring means 250 is changed by actuating, i.e. extracting or retracting,
linear actuator 240. Thus, also the angle between spring means 250 and support arm 230 is
changed having the effect of changing the first tor:jue exerted by spring means 250 onto

support arm 230 and the load, respectively.

Further, linear actuator 240 is shown in more detail. Linear actuator 240 is the of electro
mechanical type and includes an electric motor 243, e.g. a DC motor including a planetary
gear, and a gear box 241, e.g. a worm gear, for extracting and retracting a linear shaft 242,
e.g. including a lead screw, to which spring means 250 are connected. A pulley 244 and a
belt 245 are provided to transfer moment from the electric motor to the gear box and the
linear shaft. It is to be noted that the selected electric motor needs to have enough torque
to actuate the presumed load range and the gas spring force. In general, larger load and gas

spring forces require a higher powered motor for the linear actuation.

Support system 200 allows for performing a method according to the inventionina
preferred embodiment as explained referring to the embodiment shown in Figs. 1 to 3, but
using resulting torque determining means 260 for determining the predetermined

positions instead of resulting torque determining means 160.
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CLAIMS

1. Method of balancing a load using a support system (100, 200) for carrying and

balancing a load (180}, the support system (100, 200) including

abase (110, 210) and a load carrier {120, 220) adapted to be connected to the load
(180),

at least two support arms (130, 135, 230, 235) connecting the base (110, 210) and
the load carrier (120, 220), such that the load carrier (120, 220) is movable in fixed
orientation relative to the base (110, 210),

an extendable and retractable linear actuator (140, 240) connecting the base (110,
210) and spring means (150, 250), the linear actuator (140, 240) being fixed to the base
(110, 210) and the spring means (150, 250) being pivotably connected to the linear
actuator (140, 240} in an angle (¢) different from 0° and 180° and to one of the at least two
support arms (130, 135, 230, 235) or the load carrier (120, 220), such that a first torque is
exerted by the spring means (150, 250} on said support arm or the load carrier relative to
the base (110, 210),

including the steps of

blocking movement of one of the at least two support arms (130, 135, 230, 235),

determining whether a resulting torque resulting from the first torque and a second
torque exceeds a threshold by means of resulting torque determining means (160, 260),
the second torque being exerted by the support system (100, 200) and/or the load (180)
on the spring means (150, 250) counteracting the first torque, and

actuating the linear actuator (140, 240) if the resulting torque excéeds the threshold

in order to reduce the resulting torque.

2. Method of claim 1, wherein the resulting torque determining means (160, 260} are
adapted to determine whether one of the at least two support arms (130, 135, 230, 235) or

the load carrier (120, 220) moves.

3. Method of claim 1 or 2, wherein the resulting torque determining means (160, 260)
are adapted to determine whether one of the atleast two support arms (130, 135, 230,
235) or the load carrier (120, 220) is displaced to reach or pass a predetermined position

(P) relative to the base (110, 210).
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4, Method of claim 3, wherein the step of actuating the linear actuator (140, 240), if the
resulting torque exceeds the threshold, in order to reduce the resulting torque includes the
steps of

actuating the linear actuator (140, 240), after one of the at least two support arms
(130,135, 230, 235) or the load carrier (120, 220) reaches or passes the predetermined
position (P), such that the one of the at least two support arms (130, 135, 230, 235) or the
load carrier (120, 220) is displaced away from the predetermined position (P) in a
direction reverse to a direction for reaching or passing the predetermined position (P),

actuating the linear actuator (140, 240), after the one of the at least two support
arms (130, 135, 230, 235) or the load carrier (120, 220) is dis placed away from the
predetermined position (P), such that the one of the at least two support arms (130, 135,
230, 235) or the load carrier (120, 220) will reach or pass the predetermined position (P)
again, and

actuating the linear actuator (140, 240), after the one of the at least two support
arms (130, 135, 230, 235) or the load carrier (120, 220) reaches or passes the
predetermined position (P) again for a calculated time period in a direction displacing the
one of the at least two support arms (130, 135, 230, 235} or the load carrier (120, 220)

away from the predetermined position (P).

5. Method of claim 4, wherein the calculated time period corresponds to half a time
period, which elapses while actuating the linear actuator in order for the one of the at least

two support arms or the load carrier to reach the predetermined position (P).

6. Support system (100, 200) for carrying and balancing a load (180), the support
system (100, 200) including

abase (110, 201) and a load carrier (120, 220) adapted to be connected to the load
(180), ‘ ‘

at least two support arms (130, 135, 230, 235) connecting the base and the load
carrier, such that the load carrier is movable in fixed orientation relative to the base,

an extendable and retractable linear actuator (140, 240) connecting the base (110,

210} and spring means (150, 250), the linear actuator (140, 240) being fixed to the base
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(110, 210) and the spring means (150, 250) being pivotably connected to the linear
actuator (140, 240) in an angle (¢) different from 0° and 180° and to one of the at least two
support arms (130, 135, 230, 235) or the load carrier (120, 220), such that a first torque is
exerted by the spring means (150, 250) on said support arm or the load carrier relative to
the base (110, 210),

characterized by resulting torque determining means (160, 260) for detecting
whether a resulting torque resulting from the first torque and a second torque exceeds a
threshold, the second torque being exerted by the support system (100, 200) and/or the
load (180) on the spring means {150, 250} counteracting the first torque, and

control means (115, 215) arranged to actuate the linear actuator (140, 240) upon
detection that a resulting torque difference exceeds the threshold in order to reduce the

resulting torque.

7. Support system (100, 200) of claim 6, further including braking means {170, 270)
adapted to enable and block movement of a component of the resulting torque determining
means and/or of one of the at least two support arms (130, 135, 230, 235) relative to the
base (110, 210).

8. Support system (100, 200) of claim 7, the resulting torque determining means (160,
260) including a sensor (162, 262) for determining, if movement of said support arm is
blocked, whether one of the at least two support arms (130, 135, 230, 235) or the load
carrier (120, 220) reaches or passes a predetermined position (P) relative to the base (110,

210) in order to determine whether a resulting torque exceeds the threshold.

9. Support system (100, 200) of claim 8, the resulting torque determining means (160,
260) further including, as the component, a lever (161, 261) carrying the sensor (162,
262) or being adapted to interact with the sensor (162, 262) for determining whether one
of the at least two support arms (130, 135, 230, 235) or the load carrier (120, 220) reaches
or passes the predetermined position (P) relative to the base (110, 210).
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10.  Support system (100, 200) of claims 8 or 9, wherein the sensor (162, 262) is
selected from an electro mechanical sensor, an optical sensor, a capacitive sensor and an

inductive sensor.

11.  Support system (100, 200) of any of the claims 7 to 10, wherein the braking means
(170, 270) are selected from an electro magnetic brake, a pneumatic brake and a hydraulic

brake.

12.  Supportsystem (100, 200) of any of the claims 7 to 11, wherein the braking means
(170, 270) are of self-locking type.

13.  Support system (100, 200) of any of the claims 6 to 12, wherein the spring means

(150, 250) are selected from a mechanical spring, a gas spring and a hydraulic spring.

14.  Support system (100, 200) of any of the claims 6 to 13, wherein the linear actuator
(140, 240) is selected from an electro mechanical linear actuator, a pneumatic linear

actuator and a hydraulic linear actuator.

15.  Supportsystem (100, 200) of any of the claims 6 to 14, wherein the base (110, 210)
is mounted on a stand or at a ceiling and /or wherein the support system (100, 200} is used
for carrying and balancing a microscope, especially a surgical microscope, as the load

(180).

16.  Supportsystem (100, 200) of any of the claims 6 to 15, arranged to execute a

method of any of claims 1 to 5.
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