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Development of a Simulation Model for Hybrid-O Foot and Ankle
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ABSTRACT

Using a current simulation model representing the
dummy's foot by ellipsoids, it was difficult to accurately
predict the foot motion rolling off of different surfaces
at varying heights from the toeboard surface. A new
modelling method using Facet Surface, which is a newly
developed function in MADYMO program, was applied
to the dummy's foot. Furthermore, properties of the
Hybrid-O foot and ankle revised by NHTSA were
measured and reflected in the model.

A sled test, in which the dummy's left foot rolled off
the foot rest, was conducted to validate the model.
When comparing the simulation results with the sled test
results, high accuracy for both the dynamic motion of
the foot and the tibia moment were confirmed.
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Fig.2 Test setup for static compression
of hindfoot with shoe
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Fig.1 Center of gravity of the Hybrid-O foot Fig.3 Test setup for dynamic compression
with shoe of hindfoot with shoe
Table 1  Mass and moment of inertia of the Hybrid-O ankle and foot
Before revision After revision
S t Mass Ixx lyy 1zz Mass Ixx lyy Izz
egmen (kg)  |(x10%kgm?)|(x10-%kgm2)|(x103kgm?)|  (kg)  |(x103kgm?)|(x10-3kgm?)|(x103kgm?)
Ankle 0.76 0.52 0.52 0.67 0.75 0.77 0.77 0.56
Foot with shoe 2.10 1.34 4.73 4.48 1.79 1.14 11.15 11.14
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Fig.4 Static and dynamic force-deflection properties of hindfoot with shoe
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Fig.6 Definition of bending direction for
the measurement of range of motion
and torque properties of ankle joint
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Fig.10 Comparison of shape of foot between ellipsoid
model and facet surface model
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Fig.13 Acceleration time history for sled test
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Fig.16 Comparison of axial load and moment in tibia between sled test and simulation
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