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Abstract The purpose of this study was to propose a forward dynamical analysis method for
sports motion considering degree of freedom in each joint based on the equation of motion of the
whole body. The human body was modeled as a system consisting of 15 rigid segments connected
with joints, and the system was divided into two Kinds of units. The one is the unit which consist of
two segments whose joint have less than three degree of freedom, and the other is the unit which
have only one segment. We use the former kind of wunit to model adjacent segments such as
upper / fore arm segments and thigh / shank segments, because these joints have passive joint axis.
On the other hand, we use the latter kind of unit to model segments connected to other segments
with 3 DOF joint. By simultaneous solving equations of motion of the units and constraint
equations of acceleration at connecting points of the units, we obtain the equation of motion of the
whole body. We calculated contributions of joint torques, motion-dependent torque, and gravity to
speed of throwing object or hand using the whole-body’s equation of motion. In the results
obtained from the proposed dynamic analyses of Javelin throwing, Javelin speed was mainly
generated by joint torques. Shoulder internal/external rotation torque, elbow flexion/extension
torque and shoulder horizontal abduction/adduction torque showed large contribution to Javelin
speed for all subjects, but these ratios were different between subjects. And in the results obtained
from the dynamic analyses of volley ball spike motion, the total joint torque and motion
dependent torque were mainly contributed to hand speed. And motion dependent torque was
more contributed to increase the hand speed just before the impact. Joint axial torques which
contributed to hand speed was likely to vary with the spike form of each subject. The contribution
of motion dependent torque and amount of torso angular movement were significantly related.

Therefore, torso angular movement is an important factor for generating high hand speed.
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Fig.1 Model of upper limb Fig.2 Model of unit with one segment
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Fig.5 Stick picture of Javelin throwing motion.
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Fig.6  Time series of contributions of the terms to Javelin speed.
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Fig.7  Time series of contributions of joint torques to Javelin speed.
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