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(57) ABSTRACT

A device comprising a main body, an arm assembly com-
prising first arm member, a first joint, a second arm member,
a second joint, orientation control means for adjusting the
orientation of the arm members and/or joints of the arm
assembly relative to the main body, one or more passive
actuating means for counterbalancing at least a part of the
weight of the arm assembly, wherein an adjustable lever
mechanism is arranged between the main body and the arm
assembly, drive means configured for adjusting the lever
arm, one or more orientation sensors for determining the
orientation of the arm members and/or joints of the arm
assembly relative to the main body, and lever arm control
means for adjusting the lever arm of the adjustable lever
mechanism with the drive means. The invention further
relates to a method of adjusting a lever arm of such a device.

17 Claims, 6 Drawing Sheets
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1
DEVICE WITH IMPROVED ACTUATING
MEANS AND METHOD FOR USE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of Patent
Cooperation Treaty Application No. PCT/NL2014/050380,
filed on Jun. 11, 2014, which claims priority to Netherlands
Patent Application No. 2010956, filed on Jun. 12, 2013, and
the specifications and claims thereof are incorporated herein
by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable.

INCORPORATION BY REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT
DISC

Not Applicable.

COPYRIGHTED MATERIAL

Not Applicable.

BACKGROUND OF THE INVENTION

Field of the Invention (Technical Field)

The present invention relates to a wearable robot.

Description of Related Art

W02012/154580 discloses a wearable robot or exoskel-
eton. Prior art (wearable) robots normally comprise active
actuators for adjusting the orientation of the arm members
and/or joints of the arm assembly relative to the main body.
For this reason, these prior art robots have a relatively high
energy consumption.

Although for all robots a low energy consumption is
beneficial, this is especially true for wearable robots, also
called exoskeletons. For exoskeletons, the high electricity
consumption of current existing systems comprise a big
disadvantage. A user of such an exoskeleton system either
needs to carry the weight of a relatively large battery pack,
or is limited in operational time due to required recharging
of the battery pack.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to a device, more particular
a (wearable) robot,
a main body; and
an arm assembly, said arm assembly comprising:
a first arm member;
a first joint connecting the first arm member to the main
body;
a second arm member;
a second joint connecting the second arm member to
the first arm; and
orientation control means for adjusting the orientation
of the arm members and/or joints of the arm assem-
bly relative to the main body.
An object of the present invention is to provide a device
as mentioned above, that is improved relative to the prior art
and wherein at least one of the above stated problems is
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2

obviated. Said object is achieved with the device, more
particular a (wearable) robot, according to the present inven-
tion, said device comprising:

a main body;

an arm assembly, said arm assembly comprising:

a first arm member;

a first joint connecting the first arm member to the main
body;

a second arm member;

a second joint connecting the second arm member to
the first arm member; and

orientation control means for adjusting the orientation
of the arm members and/or of the joints of the arm
assembly relative to the main body;

one or more passive actuating means configured for

counterbalancing at least a part of the weight of the arm
assembly;

wherein an adjustable lever mechanism is arranged

between the main body and the arm assembly;

drive means configured for adjusting the lever arm of the

adjustable lever mechanism;
one or more orientation sensors for determining the
orientation of the arm members and/or of the joints of
the arm assembly relative to the main body; and

lever arm control means for adjusting the lever arm of the
adjustable lever mechanism with the drive means, said
adjustment being based on the orientation of the arm
members and/or of the joints of the arm assembly
determined by the one or more sensors.

Other objects, advantages and novel features, and further
scope of applicability of the present invention will be set
forth in part in the detailed description to follow, taken in
conjunction with the accompanying drawings, and in part
will become apparent to those skilled in the art upon
examination of the following, or may be learned by practice
of'the invention. The objects and advantages of the invention
may be realized and attained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The accompanying drawings, which are incorporated into
and form a part of the specification, illustrate one or more
embodiments of the present invention and, together with the
description, serve to explain the principles of the invention.
The drawings are only for the purpose of illustrating one or
more preferred embodiments of the invention and are not to
be construed as limiting the invention. In the drawings:

FIG. 1 is a schematic rear view of an exoskeleton device
according to the present invention;

FIG. 2 is a schematic side view of the exoskeleton device
of FIG. 1,

FIG. 3 is a schematic view of an adjustable lever mecha-
nism of the exoskeleton device of FIGS. 1 and 2;

FIGS. 4 and 5 are perspective views of the exoskeleton
device of FIGS. 1-3; and

FIG. 6 is a schematic overview showing the principle of
the exoskeleton device according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

Because the device according to the invention adjusts the
lever arm of the adjustable lever mechanism, it allows
passive actuating means to be used while the counterbal-
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ancing force can be varied within a desired range. In this
way, active actuating means are obsolete, and the energy
consumption of the device is therefore reduced compared to
prior art systems with active actuating means.

Especially for exoskeletons, this means that a relatively
small energy source in the form of a small battery pack is
sufficient. The weight of the device can therefore be reduced,
thereby improving user comfort of the exoskeleton user.

According to a preferred embodiment, the adjustable
lever mechanism comprises an articulated system of bars.
Such an articulated system of bars is very robust and almost
maintenance free.

According to a further preferred embodiment, the adjust-
able lever mechanism comprises a bar mechanism. A bar
mechanism on the one hand provides the required degrees of
freedom, while on the other hand being relatively simple to
adjust.

According to an even further preferred embodiment, said
adjustable lever mechanism comprises:

a first substantially rigid bar being formed by the main

body;

one extendable member; and

one further bar that comprises a first pivot connection

with the main body and a second pivot connection with
the extendable member.

According to an even further preferred embodiment, said
adjustable lever mechanism comprises:

a first substantially rigid bar being formed by an arm

member part of a first arm

one extendable member; and

one further bar that comprises a first pivot connection

with the first arm member and a second pivot connec-
tion with the extendable member.

By having two adjustable lever mechanisms in one
device, the degrees of freedom of the device is significantly
improved.

According to an even further preferred embodiment, the
pivot axis of the first pivot connection and the pivot axis of
the second pivot connection are arranged substantially trans-
verse with respect to each other. This allows the user to
perform 3-dimensional movements.

According to an even further preferred embodiment, the
extendable member is a passive actuator that comprises a
spring. Springs are very reliable actuating means that can
moreover be made adjustable in a very simple way.

According to an even further preferred embodiment, the
passive actuator comprises a gas spring. Gas springs can
provide a high force in a compact package, and the force
curve is almost constant. Moreover, this force curve can be
customized for the desired application, reducing the com-
plexity of the (exoskeleton) design.

According to an alternative embodiment, the extendable
member comprises a pneumatic member or elastic member.
Pneumatic artificial muscles, also known as McKibben
artificial muscles, provide a preferred embodiment. Pneu-
matic artificial muscles (PAMs) are contractile or exten-
sional devices operated by pressurized air filling a pneu-
matic bladder. By inflating the elastic artificial muscles, the
stiffness thereof is adaptable.

According to an even further preferred embodiment, the
one or more orientation sensors at least comprise a sensor
arranged at or near the second joint that connects the second
arm member to the first arm member.

According to an even further preferred embodiment, the
device further comprises a weight sensor configured for
determining the weight of an object and/or appendage, such
a tool, when it is attached to or carried by the arm assembly.
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By measuring this weight, it is possible to further improve
the adjustment of the lever arm of the adjustable lever
mechanism.

According to an even further preferred embodiment, the
drive means configured for adjusting the lever arm of the
adjustable lever mechanism comprise a screw and motor
assembly that is configured for adjusting a connection point
of one of the bars of the articulated system of bars of the
adjustable lever mechanism. A screw and motor assembly is
a robust and reliable mechanism, that is moreover suitable
for relatively high forces when the screw thread has a
suitable pitch.

According to an alternative embodiment, the pretension
of the spring is adjustable.

According to an even further preferred embodiment, the
device is a wearable robot, more particularly an exoskeleton.

According to an even further preferred embodiment, the
main body of the device is a frame that can be worn by a user
of the device.

According to an even further preferred embodiment, the
weight of the device is distributed along the back and hips,
and is mainly supported by the hips of the user.

According to an even further preferred embodiment, the
pivot axes are configured to substantially coincide with the
pivot axes of the biological joints of the user when the
device is worn by the user.

According to an even further preferred embodiment, the
length of the arm members of the arm assembly is adjust-
able, so that it can be adapted to the user’s body.

The invention is further related to a method of adjusting
a lever arm of a device as described above, said method
comprising the steps of:

determining the orientation of the arm members and/or

joints of the arm assembly relative to the main body by
one or more orientation sensors; and

adjusting the lever arm of the adjustable lever mechanism

with the drive means, said adjustment being based on
the orientation of the arm members and/or joints of the
arm assembly determined by the one or more sensors.

In the following description preferred embodiments of the
present invention are further elucidated with reference to the
drawing, in which:

FIG. 1 is a schematic rear view of an exoskeleton device
according to the present invention;

FIG. 2 is a schematic side view of the exoskeleton device
of FIG. 1,

FIG. 3 is a schematic view of an adjustable lever mecha-
nism of the exoskeleton device of FIGS. 1 and 2;

FIGS. 4 and 5 are perspective views of the exoskeleton
device of FIGS. 1-3; and

FIG. 6 is a schematic overview showing the principle of
the exoskeleton device according to the invention.

The invention is now described by illustrating the prin-
ciple on a compact upper body exoskeleton, but it will be
appreciated that the invention is not limited to upper body
exoskeletons, nor to exoskeletons in general.

The compact upper body exoskeleton can be worn by a
user using the stationary frame 2 that functions as a main
body, which may rest with shoulder rests 6 on the shoulder
of the user.

The frame 2 can also be integrated in an upper body suit,
as a result of which forces can be distributed more evenly
across the upper body and the device can be more stably
mounted. Preferably, part of the weight of the upper body
exoskeleton is supported by the hips of the user.
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The rear view shown in FIG. 1 shows the part of the
system that allows the user to perform a shoulder flexion-
extension movement, i.e. moving the arm forward-rearward.

The side view of FIG. 2 shows the part of the system that
allows the user to perform a shoulder abduction-adduction
movement, i.e. moving the arm up and down.

FIGS. 4 and 5 are perspective views of the exoskeleton
device, that show how the system parts shown in FIGS. 1
and 2 combine. For sake of clarity, the passive actuators 50,
60, 70 are not shown in FIGS. 4 and 5.

The main body 2 comprises a back frame and shoulder
rests 6. The back frame 4 comprises a first pivot point 12 that
pivotably connects a first arm member 20 of an arm assem-
bly to the main body 2 formed by the frame.

The arm assembly 10 further comprises a second arm
member 30 and a second pivot point 14 connecting the
second arm member 30 to the first arm member 20.

The orientation of the arm members 20, 30 and/or of the
pivot points 12, 14 that form the joints of the arm assembly
10 can be adjusted by (not shown) drive means that are
controlled by (also not shown) orientation control means.

The first arm member 20 comprises a first part 22, a
second part 24 and a third part 26. Together with the main
body 2 they form an adjustable lever mechanism that
comprises an articulated system of bars.

A first substantially rigid bar is being formed by the main
body 2, while a passive actuator in the form of a gas spring
50 forms an extendable member 50. The adjustable lever
mechanism comprises one further bar 22 that comprises a
first pivot connection 12 with the main body 2 and a second
pivot connection 54 with the extendable member 50.

By adjusting one or more of the attachment points of the
gas spring 50 that forms the extendable member of the
adjustable lever mechanism, the lever arm of the adjustable
lever mechanism is adjusted.

Suitable drive means 80 for adjusting the lever arm of the
adjustable lever mechanism are shown in FIG. 3 in relation
to the part of the system that is best shown in FIG. 2, i.e. the
part of the system that allows the user to perform a shoulder
abduction-adduction movement (moving the arm up and
down). They comprise of a screw 82 and thread assembly
over which a motorized member 84 with internal screw
thread is mounted. By turning the motor, it will drive along
screw 82 and in this way adjust the second attachment point
64 of the gas spring 60.

The same principle can be applied for the other gas
springs 50, 70 of further adjustable lever mechanisms of the
device according to the invention.

By adjusting the adjustable lever mechanisms of the
device 1, the present invention allows passive actuators 50,
60, 70 such as the gas springs to be applied in a range of
desired. The gas springs 50, 60, 70 are passive actuating
means configured for counterbalancing at least a part of the
weight of the arm assembly.

In order to achieve the desired counterbalancing with the
one or more adjustable lever mechanisms of the device, the
device comprises one or more (not shown) orientation
sensors for determining the orientation of the arm members
and/or of the joints of the arm assembly 10 relative to the
main body 2, and (not shown) lever arm control means for
adjusting the lever arm of the adjustable lever mechanism
with drive means 80. The adjustment is based on the
orientation of the arm members 20, 30, 40 and/or of the
joints 12, 14, 16 of the arm assembly 10 determined by the
one or more sensors.

By using the orientations determined by the one or more
orientation sensors, the control means for adjusting the lever
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arm of the adjustable lever mechanism approximate the
amount of weight compensation against gravity. This is
mostly due to the fact that the center of gravity of the arm
assembly 10 changes as third pivot point 16, i.e. the elbow
of'a user, rotates in flexion. For a number of applications that
require the arm to be steadily positioned in front of a user,
with limited flexion of the elbow, this simple construction
should suffice. However, for applications requiring a higher
control over the amount of force compensation against
gravity, such as those requiring complex movement of arms
or applications involving maneuvering very heavy tools or
objects, a (not shown) first sensor that calculates the position
of the elbow joint 16 and a (not shown) second sensor that
calculates the load of the object being handled can be used.

The data collected from the sensors can be used to drive
a motor 84, which slides on a screw 82. The passive actuator
60 is mounted on the motor 84. As the motor drives back and
forth on the screw 82, torque required for turning the arm
can be adjusted depending on the data received from the
sensors. The control unit can be mounted at main body 2 and
the system can be programmed to perform optimally for a
specific operation.

In this way, the present invention overcomes a major
limitation of existing wearable exoskeletons i.e. power
required. Most exoskeletons require re-charging after a few
hours of use as they rely solely on electric motors for
producing torque. Since passive actuators 50, 60, 70 pro-
vides the force and electricity is only being used for fine
tuning the torque, the device according to the invention only
requires a very limited power consumption. In this way, the
running time for exoskeletons can be increased, and/or
smaller battery packs can be used in order to improve user
comfort.

Moreover, a compact exoskeleton system that uses the
principle of weight/torque balancing also has the added
advantage that the user only has to supply minimum amount
of force to get the system to move as per his will making it
highly intuitive. It eliminates the need for highly complex
bionic systems that are being developed for able bodied
individuals who have all their limbs in working condition. It
is also an improvement over using switches and buttons to
control the actuators which is a common approach in the
prior art.

A number of straps can be attached to arm parts 34, 42 of
arm members 30 and 40 that allow the arm to be attached to
the compact upper body exoskeleton. Straps or fabric can
also be used to fasten the arm to the compact upper body
exoskeleton, or other parts of any of the arm members 20, 30
and 40.

FIG. 6 shows the basic principle of the exoskeleton device
according to the present invention. In the second part of the
second arm member 34, the (not shown) adjustable lever
according to the invention is incorporated.

Although they show preferred embodiments of the inven-
tion, the above described embodiments are intended only to
illustrate the invention and not to limit in any way the scope
of the invention. Accordingly, it should be understood that
where features mentioned in the appended claims are fol-
lowed by reference signs, such signs are included solely for
the purpose of enhancing the intelligibility of the claims and
are in no way limiting on the scope of the claims. Further-
more, it is particularly noted that the skilled person can
combine technical measures of the different embodiments.
The scope of the invention is therefore defined solely by the
following claims.
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What is claimed is:

1. A wearable robot, comprising:

a main body;

an arm assembly with arm members and joints connect-

able to

an orientation controller configured for adjusting the
orientation of the arm members and/or of the joints
of the arm assembly relative to the main body;

one or more passive actuators configured for providing a

counterbalancing force that counterbalances at least a
part of the weight of the arm assembly;

an adjustable lever mechanism arranged between the main

body and the arm assembly;

a driver motor configured for adjusting the lever arm of

the adjustable lever mechanism;

one or more orientation sensors configured for determin-

ing the orientation of the arm members and/or of the
joints of the arm assembly relative to the main body;
and

a lever arm controller configured to fine-tune the coun-

terbalancing force by adjusting the lever arm of the
adjustable lever mechanism with the drive motor, said
adjustment being based on the orientation of the arm
members and/or of the joints of the arm assembly
determined by the one or more sensors.

2. The wearable robot according to claim 1, wherein the
adjustable lever mechanism comprises an articulated system
of bars.

3. The wearable robot according to claim 1, wherein said
adjustable lever mechanism comprises:

a first substantially rigid bar being formed by the main

body;

one extendable member; and

one further bar that comprises a first pivot connection

with the main body and a second pivot connection with
the extendable member.

4. The wearable robot according to claim 1, wherein said
adjustable lever mechanism comprises:

a first substantially rigid bar being formed by an arm

member part of a first arm;

one extendable member; and

one further bar that comprises a first pivot connection

with the first arm member and a second pivot connec-
tion with the extendable member.

5. The wearable robot according to claim 4, wherein the
pivot axis of the first pivot connection and the pivot axis of
the second pivot connection are arranged substantially trans-
verse with respect to each other.
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6. The wearable robot according to claim 1, wherein the
extendable member is a passive actuator that comprises a
spring.

7. The wearable robot according to claim 1, wherein the
passive actuator comprises a gas spring.

8. The wearable robot according to claim 1, wherein the
extendable member comprises an elastic member.

9. The wearable robot according to claim 8, wherein the
elastic member is a pneumatic artificial muscle.

10. The wearable robot according to claim 1, wherein the
one or more orientation sensors at least comprise a sensor
arranged at or near the second joint that connects the second
arm member to the first arm member.

11. The wearable robot according to claim 1, further
comprising a weight sensor configured for determining the
weight of an object and/or appendage, such a tool, when it
is attached to or carried by the arm assembly.

12. The wearable robot according to claim 1, wherein the
driver configured for adjusting the lever arm of the adjust-
able lever mechanism comprise a screw and motor assembly
that is configured for adjusting a connection point of one of
the bars of the articulated system of bars of the adjustable
lever mechanism.

13. The wearable robot according to claim 1, wherein the
wearable robot is an exoskeleton.

14. The wearable robot according to claim 1, wherein the
main body of the robot is a frame that can be worn by a user
of the device.

15. The wearable robot according to claim 14, wherein the
weight of the robot is distributed along the back and hips,
and is plainly supported by the hips of the user.

16. The wearable robot according to claim 14, wherein the
pivot axes are configured to substantially coincide with the
pivot axes of the biological joints of the user when the
device is worn by the user.

17. A wearable robot, comprising:

a main body;

an arm assembly having a center of gravity which is

rotatable relative to the main body around a pivot point;
and

one or more springs configured for providing a counter

balancing force which counterbalances at least a part of
the weight of the arm assembly, said counter balancing
force being a sinusoidal action of the angle between a
straight line through the center of gravity of the arm
assembly and the pivot point and a vertical plane
through the pivot point, with a minimum when the
angle is zero.
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