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Description

[0001] The presentinvention relatestoanarm support,
in particular an arm support for use on a wheelchair, but
itmay also be used on other devices, like a working chair,
a carriage or a table.

[0002] Arm supports are generally known in the art.
They may be considered as part of a general class of
devices for supporting body parts, often referred to as
orthotics or orthosis devices. Arm supports, also mobile
arm supports or dynamic arm supports, can be seen as
a separate class of active orthotics, distinguished from
other classes due to its connection on one side to the
fixed world.

[0003] Dynamic arm supports are mechanic devices
that serve to carry the weight of an arm and a hand of a
user. They compensate for the weight of the arm and
hand, and allow a user to control the motion of their arm
and/or hand by transferring a force or their remaining
capacity exerted by minimal movement of the shoulder
girdle.

[0004] A general property of dynamic arm supports is
that they are connected to the solid world, formed for
example by a chair, wheelchair, table or movable sup-
port. Since the device follows natural movement of the
arm, it is also referred to as exoskeleton. In medical tech-
nology, the term active orthosis (device ) may be found
as well.

[0005] A purpose of arm supports is their use to extend
the use of the senso-motoric functioning of the user. In
this aspect, an arm support is distinguished from a so
called robot-manipulator, that takes over human func-
tions as a whole. An arm support thus offers a user more
possibilities to use even minimal remaining body func-
tions leading to prolonged health, a higher participation
level and more independence.

[0006] Two types of arm supports may be recognised.
First is a traditional Mobile Arm Support (MAS) that en-
counters the forearm from below. The arm then rests on
the support, that balances the bottom side. Second is a
so called sling-type, wherein counter-weights compen-
sate for the weight of the arm via counter weights, that
act on a sling that supports the arm. All types may be
powered or unpowered, by active (e.g. electric engine)
or passive (e.g.) spring elements. A further difference
can be made between adaptive and non-adaptive sup-
ports, the adaptation being on the required movement
force.

[0007] Various examples of an arm support according
to the art are sold by the applicant. These devices cer-
tainly fulfila need in serving users with a decreasing mus-
cular force, but there is always a demand for devices that
perform under very challenging physical conditions, that
are smaller and more convenient, and that exert a more
accurate counterbalancing force on the arm.

[0008] An example of an arm support that provides a
balanced force is given in the patent US 6 821 259. This
device has two limb sections that each consist of a par-
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allelogram construction (referred to as four bar linking),
for providing an equilibrium-inducing force. Although this
device offers an improvement in the sense of the accu-
racy of the balancing forces, in practice it appears to be
too voluminous to enable an easy use. Further disadvan-
tages are that there are too many construction details
underneath as well as beside the lower arm and that the
forearm as well as the upper arm need fixations.

[0009] It is a goal of the present invention to provide
an arm support that overcomes the above disadvantag-
es, and/or provides a useful alternative to the existing
arm supports.

[0010] The invention thereto proposes an arm support
for use on a wheelchair, comprising a carrier, connecta-
ble to the wheelchair, a first arm-part, pivotally connected
to the carrier, a second arm-part, pivotally connected to
the first arm-part, comprising a support, such as a scale,
for a forearm, a first spring-element, for exerting a force
on the first arm-part with respect to the carrier for sup-
porting an upper arm of a user, and a second spring-
element, for exerting a force on the second arm-part with
respect to a reference outside the second arm part, for
supporting a forearm of a user.

[0011] The carrier may be connectable to the wheel-
chair, but it may also form an integrated part thereof. The
second arm-part is preferably connected to the end of
the first arm-part that faces away from the carrier. The
carrier may be directly or indirectly connected to the
wheelchair at the position of a shoulder of a user, which
may be a different position for each user. The reference
may for example be the carrier, or another point that be-
longs to the fixed world.

[0012] The term pivotably is used here to indicate a
rotational movement about one or more axis of rotation.
In general, there may be a free rotation about at least
one vertical axis of rotation, and a balanced rotation about
at least one horizontal axis of rotation.

[0013] Due to this configuration, both forces the
arm-partfor the upperarm and fore arm are independent.
As a result the arm support according to the invention
provides an improved support for the forearm of a user
with respect to the prior art. Moreover, the use of a ref-
erence point for the second spring element outside the
second arm enables to minimise the construction and
volume of the second arm part, which results in an in-
creased freedom of movement for the user.

[0014] Inan embodiment, the first arm-part comprises
a parallelogram. The parallelogram enables to apply a
force on the second arm-part which is independent of the
angle the first arm-part has with respect to the carrier.
As a result, the force applied by the second spring-ele-
ment in order to counterbalance the weight of the fore-
arm can be controlled separately, and both arm-parts are
suspended completely independent.

[0015] The legofthe parallelogram that opposite to the
leg coupled to the carrier, forms an extension of the fixed
world. A torque exerted on this leg by the second arm
part does not influence the rotational position of the first
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arm part with respect to the carrier.

[0016] The extension of the fixed world can only move
in one degree of freedom, while the forces in the other
five degrees of freedom are conducted to the fixed world.
[0017] A parallelogram is to be understood here as a
mechanical construction with four legs, as well as equiv-
alents thereof, such as gears or pulleys with a chain or
(toothed) belt, constructions wherein the parallelogram
function is electronically simulated.

[0018] In a further embodiment, the support or scale
is clear at its lower side, to provide a maximum freedom
of movement to a user. The lower side can be kept clear
for example by using a thin hinge as a second arm-part,
to which the scale or support is connected. A further con-
tribution to the freedom of movement for the user may
be obtained by the shape of the parallelogram of the first
arm-part. When at least one of the four legs of the par-
allelogram is curved, the user has an increased freedom
of movement for his or her upper arm.

[0019] In a preferred embodiment, in the arm support
according to any of the preceding claims, at least one of
the spring elements is configured for compensating the
weight of the upper arm and/or fore arm respectively.
With compensationitis meant here, that the support force
is very close to the force caused by the weight of the
upper arm and/or fore arm of the user. This gives the
user the feeling that his or her arm floats, and no force
needs to be applied by the user to keep his or her fore-
or lower arm in a vertical position. The compensation
may further be adjusted for objects carried by the user,
such as clothing, or a mug or forces to be exert by the
user.

[0020] In yet another embodiment, the weight-com-
pensation by the first spring-element on the first arm-part
is dependent on the rotational angle of the first arm-part
with respect to the carrier, and/or the weight compensa-
tion on the second spring-element on the second arm-
part is dependent on the rotational angle of the second
arm-part with respect to the first arm-part. When the user
holds his arm horizontally, a maximal support is required
while when the arm is held vertically, no or just a little
support is required. The first and/or second spring-ele-
ment may for instance be coupled to the carrier by means
of astring or aband, which may be a metal string or band,
or a rod or plastic or any other material that can handle
forces. Instead or in addition to separate spring elements,
the band or string may also fulfil this function itself, and
may thereto be made of a material with preselected elas-
tic properties.

[0021] The desired force exerted by the arm-part on
the arm of the user, is not necessarily be linearly depend-
ent on the angle of rotation. Therefor, in a further embod-
iment, the string or band is led over an excentric conduc-
tor, for obtaining a disproportional stretch of the spring-el-
ement with respect to the rotation. This excentric con-
ductor according to the presentinvention is a specifically
shaped piece. Its shape is the outcome of calculations
that arrange the disproportional stretch as desired.
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[0022] For enabling adjustment of the arm support to
various weights of arms and further loads, at least one
spring-element may be tightenable. This can be done
manually, but there may also be an actuator available for
this purpose, which may be embodied with or without
computer steering.

[0023] The string or band for exerting a force on the
second arm-part may be led through the rotatable con-
nection between the first and the second arm-part. There-
to, the rotatable connection can comprise an axially
translatable beared rotation shaft, at both sides coupled
to a section of the string or the band. The sections of the
string or the band are then arranged mutually rotatable
about the axis of rotation. In particular, an axially beared
shaft of rotation comprises two parts that are in line, and
that are mutually coaxially rotatable. A goal reached by
of this rotable connection is to prevent for variations in
length of the band.

[0024] In yet another embodiment, rotational or pivot-
able movement of at least one arm part with respect to
the carrier or the other arm part is lockable. For example,
the connection between the first arm-part and the second
arm-part about the elbow of the user can be locked to
prevent unintended or uncontrolled sideward movement
(in a horizontal plane), while balanced movement up and
down (in a vertical plane) is enabled.

[0025] A further improvement of the freedom of move-
ment of a user is obtained when the connection of the
first arm-part to the carrier comprises a third arm part, to
which the second arm-part is pivotably connected, and
which is pivotably connected to the carrier.

[0026] This way, the connection of the first arm part,
which is located at the shoulder of a user, can be moved
around within certain boundaries. This movement is de-
sired since users move their shoulders in order to move
their arms. Preferably, also third arm-part hinged parts,
like an independent four-angle, in order to enable move-
ment in a horizontal plane.

[0027] The arm support according to the present in-
vention may offer rotational movement in a horizontal
plane at the mutual connections of all arm supports and
the carrier. Rotational movement within a vertical plane
is balanced or compensated.

[0028] When the carrier of the arm support is coupled
to a wheelchair or another movable object, this object
may not always be level. This can result in an undesired
movement of the arm support, in particular about the un-
balanced axis of rotation.

[0029] This may be solved by an adjustable connection
of the arm support to the carrier. This connection may
thereto comprise at least three points of support, of which
at least two have an adjustable height. This way, the arm
support can be levelled within certain boundaries. In a
preferred embodiment, all points of support have an ad-
justable height. This enables a height compensation or
adjustment of the arm support. The points of support may
for example be embodied as telescopic pillars.

[0030] The invention will be explained into more detail
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now with reference to the figures, wherein:

- Figure 1 shows a perspective view of an arm support
according to the invention;

- Figure 2 shows a side sectional view of an arm sup-
port according to the invention;

- Figure 3 shows a first detail of an arm support ac-
cording to the invention;

- Figure 4 shows a second detail of an arm support
according to the invention;

- Figure 5 shows a further view of the invention.

[0031] Figure 1 shows a perspective view of an arm
support 1 according to the invention. The device com-
prises a carrier 2, connectable to or forming part of a
user support, such as a (wheel) chair (not shown), a first
arm-part 3, rotatably connected to the carrier 2, a second
arm-part 4, rotatably connected to the first arm-part 3,
comprising a support, such as a scale (not shown), for a
fore arm of a user. The arm support further comprises a
first spring-element 5, for exerting a force on the firstarm-
part with respect to the carrier 2 for supporting a upper
arm of the user, and a second spring-element 6, for ex-
erting a force on the second arm-part 4 with respect to
the carrier 2 for supporting a fore arm of the user.
[0032] The firstarm-part 3 comprises a parallelogram,
comprising members A, B, C and D. The parallelogram
enables an independent control of the forces exerted by
the spring elements 5 and 6 on the first and second arm
partrespectively. The second arm part 4 is very compact,
and serves to carry a (not depicted) arm support, such
as a scale (7, see figure 2). As visible in figures 1 and 2,
due to the very small dimensions of the second arm-part,
the support or scale 7 is clear at its lower side, to provide
a maximum freedom of movement to a user.

[0033] The spring elements 5 and 6 are configured for
compensating the weight of the upper arm and/or fore
arm respectively, wherein the weight-compensation by
the first spring-element 5 on the first arm-part 3 is de-
pendent on the rotational angle of the first arm-part 3 with
respect to the carrier 2, and the weight compensation on
the second spring-element 6 on the second arm-part 4
is dependent on the rotational angle of the second arm-
part 4 with respect to the first arm-part 3. It may further
be dependent on the carrier 2.

[0034] This dependency on the rotation is on the one
hand caused by the property of a spring, that the extent
to which the spring is stretched is related via the
spring-constant to the force that acts on the spring, but
according to the present invention, a non linearity is in-
troduced. This desired non-linearity is obtained as fol-
lows.

[0035] Figure 2 shows how the first and second
spring-elements 5, 6 are coupled to the carrier 2 by
means of metal bands 8, 9, that are led over specifically
shaped conductors 10, 11, for obtaining a disproportional
stretch of the spring-elements 5, 6 with respect to the
rotation. Conductors 10 and 11 are specifically shaped
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excentric with respect to the respective points of rotation
of the first arm part 3 to the carrier, and the second arm
part 4 to the first arm part 3, and/or with respect to the
carrier.

[0036] Both spring elements 5 and 6 are tightenable,
for adjusting a force on the weight of an arm of a user of
the arm support. Tightening is performed by stretching
the spring elements via their respective bands 8 and 9.
Thereto, electrically controllable coils 12 and 13 are pro-
vided.

[0037] Figures 3 and 4 show the conductors 10 and 11
into more detail. Figure 4 furthermore shows that the
band 9 for exerting a force on the second arm-part is led
through the rotatable connection 17, 18 between the first
and the second arm-parts 3, 4. The rotatable connection
17, 18 comprises an axially translatable (directions F)
rotation shaft 14, consisting of mutually rotatable parts
15 and 16, which are each coupled to a section of the
string or the band 9.When the second arm part 4 is rotated
in a direction J around axis H (see figures 1 and 2), the
sections of the band 9 are mutually rotated as well, and
they can still be translated in a direction F along axis E,
when the second arm part 4 is rotated over an angle G,
inorder to prevent a change oflength of the string or band.
[0038] Figure 5 shows a further improvement of the
freedom of movement of a user, obtained by the connec-
tion of the first arm-part 3 to the carrier 2 that now com-
prises a third arm part 19, to which the first arm-part is 3
pivotably connected, and which is pivotably connected
to the carrier. The connection of the first arm part 3, which
is located at the shoulder of a user, can be moved around
within certain boundaries. Also this third arm-part 19
comprises an independent four-angle 20, in order to en-
able movement in a horizontal plane.

[0039] The arm support offers rotational movement in
a horizontal plane at the mutual connections of all arm
parts 19, 3, 4 and the carrier 2. Rotational movement
within a vertical plane is balanced or compensated.
Thereto, the arm support is provided with an adjustable
connection of the arm support to the carrier. This con-
nection comprises three points 21, 22, 23 of support,
which have an adjustable height K, that is adjustable by
telescopic movement of the points of dupport 21, 22, 23,
which are embodied as pillars.

[0040] The above embodiments serve as examples
only and do not limit the scope of protection as defined
by the following claims.

Claims
1. Arm support, comprising:

- a carrier, connectable to or forming part of a
user support, such as a (wheel) chair;

- a first arm-part, pivotably connected to the car-
rier;

- a second arm-part, rotatably connected to the
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first arm-part, comprising a support, such as a
scale, for an fore arm;

- a first spring-element, for exerting a force on
the first arm-part with respect to the carrier, and;
- a second spring-element, for exerting a force
on the second arm-part with respect to a refer-
ence outside the second arm part.

Arm support according to claim 1, wherein the first
arm-part comprises a parallelogram.

Arm support according to claim 1 or 2, wherein the
support or scale is clear at its lower side, to provide
a maximum freedom of movement to a user.

Arm support according to any of the preceding
claims, wherein at least one of the spring elements
is configured for compensating the weight of the up-
per arm and/or fore arm respectively.

Arm support according to any of the preceding
claims, wherein the weight-compensation by the first
spring-element on the first arm-part is dependent on
the rotational angle of the first arm-part with respect
to the carrier, and/or the weight compensation on
the second spring-element on the second arm-part
is dependent on the rotational angle of the second
arm-part with respect to the first arm-part, wherein
the first and/or second spring-element is coupled to
the carrier by means of a string or aband, and where-
in the string or band is led over an excentric conduc-
tor, for obtaining a disproportional stretch of the
spring-element with respect to the rotation.

Arm support according to any of the preceding
claims, wherein at least one spring-element is tight-
enable, for adjusting a force on the weight of an arm
of a user of the arm support.

Arm support according to claim 5 or 6, wherein a
string or band for exerting a force on the second arm-
partis led through the rotatable connection between
the first and the second arm-part.

Arm support according to claim 7, wherein the rotat-
able connection comprises an axially translatable
beared rotation shaft, at both sides coupled to a sec-
tion of the string or the band.

Arm support according to claim 8, wherein the sec-
tions of the string or the band are mutually rotatable
about the axis of rotation.

Arm support according to claim 8 or 9, wherein an
axially beared shaft of rotation comprises two parts
that are in line, and that are mutually coaxially rotat-
able.
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1.

12.

13.

14.

15.

Arm support according to any of the preceding
claims, wherein rotational or pivotable movement of
at least one arm part with respect to the carrier or
the other arm part is lockable.

Arm support according to any of the preceding
claims, wherein at least one of the legs of the paral-
lelogram is curved.

Arm support according to any of the preceding
claims, comprising a third arm part, to which the sec-
ond arm-part is pivotably connected, and which is
pivotably connected to the carrier.

Arm support according to of the preceding claims,
wherein the third arm-part comprises an independ-
ent four-angle.

Arm support according to any of the preceding
claims, wherein a connection of the arm support to
the carrier comprises at least three points of support,
of which at least two have an adjustable height.
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