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The Analysis of Energy Propagation in High-speed Throwing Motion

(O Taku Senoo (Univ. of Tokyo) Akio Namiki (Univ. of Tokyo) Masatoshi Ishikawa (Univ. of Tokyo)

Abstract: A human can generate smooth motion instantaneously although there are numerous degrees of freedom
to be controlled. This is because a human builds interference structure of degrees of freedom such as interlocking
or decreasing mechanism. For instance, in human throwing motion we can see the movement called ”kinetic chain”
which enables to propagate kinetic energy. Based on this motion, a throwing strategy focused on the superposition
of wave patterns is proposed in this paper. The evaluation on energy propagation is also analyzed.
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q=q,— Cos(wt +¢) (1)
qg=QSin(wt+¢) a (2)
G=0 Cos(wt+ ¢) a (3)
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diag[ws,- - ,w,] 0000w, 00000000000
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(a) each pattern (b) superposition pattern

Fig. 1 Wave pattern
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Fp=Jg=JQ Sin(wt+ @) o (4)
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Wit (=@ +7/2) < wi(=diy1 +7/2)
len Sq(&)g Qmax
T min ST(£)S T max
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(a) Barrett arm

(b) Kinematics

Fig. 2 Manipulator
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Fig. 3 Throwing motion
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Fig. 4 Modification of velocity
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Fig. 5 Modification of torque
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