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I. INTRODUCTION

In the design of a prosthetic leg, mobility and efficiency
in terms of both metabolic energy consumption and external
actuation are highly important challenges to achieve.

Existing lower limb prostheses can be classified as pas-
sive, controlled and powered. Passive prostheses exploit the
dynamics of walking thanks to their kinematic configuration.
With this kind of prosthesis, amputees consume a large
amount of metabolic energy (60% extra) to compensate the
lack of energy transfers from the lost muscles [1]. Controlled
prostheses have actuators in order to control their dynamics.
Therefore, these prostheses are better in terms of mobility.
Powered prostheses are capable of injecting power into the
gait cycle in order to support push-off generation and to
reduce the extra metabolic energy consumption.

In our previous work [2], we presented the design of
a passive transfemoral prosthesis based on energetics of
walking. The design is able to cover most of the energetic
behavior of the knee and ankle joints. Simulation results
showed that 64% of the required energy for the natural ankle
push-off generation is provided.

II. CONCEPTUAL DESIGN OF THE PROSTHESIS

The power flow at the knee and ankle joints during
one complete stride of a healthy human gives insightful
information for design of an energy-efficient system [3]. For
this reason we can divide the gait cycle into three phases:

• Stance: the knee absorbs a certain amount of energy
during its flexion and returns as much as the same
amount of energy for its extension. In the meantime, the
ankle joint absorbs energy due to the weight bearing.

• Push-off: the knee starts absorbing energy, while the
ankle generates the main part of the energy for the push-
off, which is about the 80% of the overall generation.

• Swing: the knee absorbs energy, during the late swing
phase, while the energy in the ankle joint is negligible.

The energetic relations show that there is almost a com-
plete balance between the generated and absorbed energy,
since the energy for push-off generation is almost the same
as the total energy absorbed in these two joints.

In this study, we present a mechanism that can cover the
energy absorption phases and deliver the total energy of these
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Fig. 1. Conceptual design of the proposed mechanism (given separately
for better interpretation)

intervals at the ankle joint for push-off generation [4]. This
mechanism has three parts, as summarized in Fig. 1:

• One element couples the upper and lower leg, respon-
sible for the absorption during swing phase and for a
part of absorption during stance phase, C2.

• One element connects the foot and shank, responsible
for the absorption during stance, C3.

• One element couples the knee and ankle joints kinemat-
ically, responsible for balancing the energetic relation
between the knee and ankle during push-off, CL.

III. CONCLUSIONS AND FUTURE WORKS

In this study, we proposed a mechanism inspired by the
power flow in the human gait for a fully-passive transfemoral
prosthesis. The conceptual design of the mechanism consists
of three distinct parts for the three absorption intervals
of the human gait. According to the power analysis and
biological leg dimensions, we set the design parameters for
the mechanism and examine the power absorption level with
this design by simulation. Simulation results showed that
76% of the available energy is stored and released through
the ankle joint for push-off.
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