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ABSTRACT

This thesis work describes the study and design of a
powered trans-tibial prosthesis [1]. The prosthesis design was
focused on the storage of energy in an elastic element during
part of the gait cycle to reduce the power output peak of the
motor. The purpose of this study was to reduce the size and
the weight of the motor and the whole prosthesis.

The ankle of an able-bodied person has a net positive
energybalance. For this reason passive ankle prostheses will
never have a good approximation of a healthy ankle. Active
prostheses which would use a motor to provide the necessary
energy directly at the ankle joint at push-off (where the body
is moved forward) would require a motor that is capable
of providing about 17J (for a person of about 75kg) in 0.2
seconds, which leads to a power of about 85W. In combination
with transmission and motor efficiencies, this would lead to a
motor with a rated power of over 100W. If this same energy
would be stored in elastic elements during the whole stance
phase, the time of operation would increase to 0.6s and the
necessary power would decrease to about 30W. The concept

Fig. 1. Left: Concept of prosthesis. Right: Simulation result of the prosthesis
(healthy ankle in blue, prosthesis in red)

of the prosthesis is described in Figure 1. A locked spring
connected to the motor will be loaded during the stance phase,
while two other lever arms with springs provide the necessary
torques around the ankle. Just before push off, the energy
stored in the motor spring is added to the energy that is
already stored in the other springs and this combined energy
will provide the push-off. During the swing phase, the whole
mechanism returns to its initial position. Several parts like the
lever arms have to be locked with respect to either the leg
or the foot in parts of the gait. The locking mechanisms that
would do that were not included in this study.

The prosthesis was designed to fit the behaviour of a healthy

ankle. As the data that are available in literature and are mea-
sured by Winter [2] are average data and real behaviour will be
different for everyone (change in body weight, walking speed,
step lenght,...) the prosthesis was made to be as adjustable as
possible. The different springs which are connected to lever
arms on the ankle joint to exert the necessary torques are
arranged in such a way that the pretensions of the springs can
be changed without changing the rest positions. By changing
the pretension and motor speed/torques, the prosthesis charac-
teristic will change to better fit personal needs.

A 3D design and stressanalysis was performed in Inventor,
and a 30 W motor was selected. For higher body weight
or more demanding gait this motor can be replaced by a
50W motor which is slightly bigger but fits in the design.
The combined weight of the prosthesis design with all the
selected components is about 1.5kg (without batteries and
lockingmechanisms) and can be further decreased by using
stronger Al-alloys. The weight of the motor and gearhead
combined is only about 300g. Although the share of the
motor weight in the total weight is reduced, there is extra
weight due to the more complex mechanical structure and the
lockingmechanisms.

Fig. 2. Design of Prosthesis.
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