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1. Introduction

Research regarding arm supports has been done
for more than 50 years. The dynamic arm supports
can be classified in three major categories [1]:
non-actuated devices, passive-actuated devices
and actively-actuated devices. The non-actuated

devices do not require external energy operation

are low cost but do not offer all the mobility
required for activities of daily living (ADL)
The passive—actuated devices can store potential
energy by the use of counterweights, springs and
elastic bands and provide better support than the
non-actuated devices but do not offer all the
required mobility. On the other hand, the ac-
tively-actuated devices require external energy
for operation, offer excellent mobility but are
expensive. The study presented by Miyawaki [2]
demonstrates that low cost exoskeleton type
devices are effective to support elderly people
with disabilities on the upper arm and forearm.
On the other hand, cable-driven mechanisms have
demonstrated to be efficient transmission system
for robot arms [3], [4] but require advanced
control algorithms to proper |y operate the robot
arm. The present study shows the concept of a
novel design of a non-actuated support arm for
use as third arm. The design is based on the wire
system used on the japanese “karakuri” dolls.
The proposed system can have multiple appli-
cations going from medical or construction to
activities of daily living

2. Low cost non—actuated support arm

The low cost non—-actuated support arm, shown
in figure 1, consists of an arm composed by a
spherical joint at the shoulder, two rotary
joints on the elbow and the wrist, and three
rotary joints on the hand. The arm parts are made
of aluminum and the elbow support for the
spherical joint is made of plastic. The hand is
composed of four aluminum plates: one plate for
the palm, one for the thumb, one for the index
finger and middle finger, and one for the ring
finger and the little finger. The plates for the
fingers have straps that al low the users hand to
hold and move the hand plates. The details of the
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Fig. 1: Low cost non-actuated support arm.

hand are shown in figure 2. Wires connect the tips
of the three finger plates through the palmplate
to the shoulder part of the support arm. Other
three wires go along the whole arm between the
wrist, elbow and shoulder joints.

Fig. 2: Low cost non-actuated support arm.

In the shoulder of the support arm there is a
locking mechanism actuated by a DC motor. The DC
motor rotates a screw that moves forward a
pressing mechanism that holds the wires and locks
the shoulder spherical joint. The spherical
joint is locked by two semispherical pieces as
shown in figure 3. A microswitch located on the
fingertip of the index finger plate activates the
DC motor to lock the position of the support arm
or to unlock it.

The shoulder pack of the non-actuated support
arm holds the microcontroller and the battery
pack that energizes the DC motor and the control
system.
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Fig. 3: Detail of the spherical joint and
locking mechanism.

The details of the spherical joint and locking
mechanism shown in figure 3 are as follows: A:
locking semispherical mechanism, B: Screw, C:
Wire locking bar, D: DC motor, E: Wires, F:
Spherical Joint.

3. Using the non—actuated support arm.

For using the non-actuated support arm, the
user straps the system around his chest. Then the
user holds the support arm from its outer part
and inserts his fingers on the hand straps. The
support arm moves with the movement of the user
arm and can grasp objects using the three plates
for the fingers. The size of the support arm
pieces has to be custom made for each user. When
the user desires to lock the support arm in
position pushes the microswitch next to the
finger tip of the index finger. The microswitch
sends a signal to the microcontroller and it
activates the DC motor locking the arm in po-
sition. The user then can remove his arm from the
support arm and leave it locked in position

4. Applications of the support arm.

The support arm can be used in different
fields reducing the support personal required to
hold items in place. For example: in the con-
struction field, the support arm can help the
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user in keeping wood boards in place while using
both hands for hammering a nail. In the security
field, firefighters could use the support arm to
hold equipment or tools in place while using both
hands for another task. In the medicine field
a paramedic could use the support arm to lock a
tourniquet while using the hands to perform
another |life saving task. The support arm could
be used even for activities of daily living like
holding a bag, a drink or even a mobile phone
Figure 4 shows another view of the support arm
in a locked position

Fig. 4: Example of a locked position of the
support arm
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