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A mechanical model of the human hopping

Youjirou DOI and Kazutoshi KOBAYASHI

Storage of strain energy in elastic materials has very important roles in the human running,
jumping and hopping. This mechanism resembles the suspension system of one-wheeled version of the
car. It consists of a mass m with a spring of stiffness £ and a dashpot of damping constant ¢. This
study attempted to the identification of the mechanical model parameters of the human hopping and
the simulation of the movement.

The following assumptions are relevant to this mechanical model of the human hopping:

1) Human body is reduced to a simple three degrees-of-freedom mechanical structure consisting of
two masses, two linear springs, two viscous dampers, one nonlinear spring and force actuator.

2) Force actuator acts positively and negatively.

3) Hopping height makes no change of the mechanical model parameters.

For this mechanical model of the human hopping, the Runge-Kutta methods is applied to numeri-
cally generate the equation of motion. Force actuator acts as assistance to the more increasing of
storage of strain energy in the first period of contact phase on the ground. The results of the
mechanical model for hopping indicate a significant contribution to the vertical ground reaction

generated.
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Fig. 1 Mechanical model of the human hopping.
f, is force actuator.
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Fig. 2 Illustration of the experiment and anzlyzing system in this study.
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Table 1 Model parameters of the human hopping.
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Fig. 4  Simulated hopping results using the mechanical model.
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Fig. 5 Schematic representation of the actuate force during foot contact in hopping.
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