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Technical note

A body powered prehensor with variable mechanical advantage

D.D. FREY and L. E. CARLSON

Department of Mechanical Engineering, University of Colorado, Boulder, Colorado, USA

Abstract
The purpose of this research was to improve
body powered, voluntary closing (VC)

prosthetic prehension. A prototype prehensor
with variable mechanical advantage was
fabricated and tested. The device operates at
low mechanical advantage during sizing of an
object to reduce cable excursion requirements.
It shifts to high mechanical advantage during
gripping to allow high prehensile forces to be
generated with reduced cable tension. The
prototype provides a mechanical advantage of
2.4, nearly five times that of conventional VC
devices. The prototype also acts as a holding
assist; after grip forces are applied, they can be
maintained with a cable tension of only 3 Ib
(13.34N). Field testing indicated that the device
performs well in many tasks. The mechanism
allows greater range of motion while an object
is grasped than standard voluntary closing
prehensors. However, the device performed
poorly in grasping very compliant objects. To
address this problem, a switch has been
incorporated into the prototype to allow it to be
used in a free-wheel mode.

Introduction

The purpose of a prosthetic prehensor is to
replace some of the functions of the hand.
Primarily, the prehensor should allow the
amputee confidently to grasp and manipulate
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objects. The ability to maintain grasp is a
function of the prehensor shape, the friction
between the object and the gripping surface, and
the grip force. The purpose of this research has
been to improve prosthetic prehension by
increasing the amount of grip force that an
amputee can generate and maintain.

Upper limb prostheses are most often body
powered. Despite advances in externally
powered prostheses, body powered prostheses
still afford important advantages to the
amputee. These include sensory feedback
through the harness, lighter weight, lower cost,
and quiet, fast operation. One limitation of body
powered prehensors is that the grip force is
limited by the strength of the amputee. With a
conventional body powered hamess and cable
system, an amputee can typically generate 2 in
(5 cm) of cable excursion (Taylor, 1954). To be
able to open adequately and close fully with
only 2 in (5 cm) of input cable excursion, a
conventional body powered prehensor is usually
limited to a mechanical advantage of 0.5; 1 Ib
(4.45 N) of grip force is generated per 2 Ib
(8.9N) of input cable tension. Most trans-radial
amputees can generate 60 1b (266.9N) of cable
tension and, therefore, about 30 1b (133.45N) of
gripping force with a conventional VC
prehensor. Although that is more force than the
hand of an adult male can generate in most
prehension patterns (Taylor, 1954), those who
cannot generate as much cable tension or
excursion (trans-humeral amputees, shoulder
disarticulation amputees, and amputees using
cineplasty) may not achieve adequate grip force
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holding assist function, improved amputee
mobility while maintaining grip, and reduced
cable excursion in free-wheel mode. It has not
been demonstrated, however, that these
advantages justify the additional complexity
and cost of the VMA prehensor design. Clinical
evaluation appears to be necessary to explore if
and how this device can be of benefit to upper
limb amputees. Field evaluation by those who
have difficulty in generating adequate cable
tension or excursion with body powered
prehensors would be of particular value.
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