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Summary

The most common commercial pitching machines for baseball are the "roller" type and the "arm" type.
These machines are very difficult to simultaneously change ball speed, direction and variations. In the
present study, the design and development of a new "intelligent" pitching machine which is able to pitch
repeatedly with selectable speed, direction and ball types, are described. The machine has three rollers
which are independently controlled by a hierarchical neural network. The network accepts ball speed,
direction and rotation as inputs and produce detailed motion control of the three rollers, horizontal and
vertical angles as output. The pitching machine has high performance which adopts wide range of speeds of
up to 44.4m/s (160km/hr), ball types (the fast, curve, screw and fork balls) and a wide range of arbitrary
direction hoped for, can be pitched. '

Next, the moving behavior and contact stress state of the ball pitched with the rollers type pitching
machine is analyzed using dynamic finite element analysis. And the effect which a seam of a baseball gives
to the throw accuracy is analyzed numerically. The initial velocity and the spin rate of the pitched ball are
filmed using a high-speed videograph, and those pictures are compared with the finite element analysis.
The results show that the ball's velocity and spin rate are relatively unaffected by the seam orientation,
while the throw's horizontal and vertical angles are notably affected by the relative angular velocity of the

rollers and the orientation of the seam.
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Fig.6 Finite element models of baseball and three
rubber rollers (15 104 elements)

Table 1 Analytical conditions

unit (min™)
N, N, N, N +N+N,
Case 1 (No-spin ball) 1500 1500 1500 4500
Case 2 (Fast ball) 1700 1400 1400 4500
Case 3 (Curve ball) 1325 1750 1425 4500

Velocity (m/s )

25 30

Fig.7 Time history of velocity for pitched fast ball

Fig.8 Behavior of the ball using finite element
analytical results in Fast ball (V' = 25.1 m/s)

m

s/flame

Fig.9 Behavior of the ball using high-speed camera

in Fast ball (V'= 24.2 m/s)
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Fig.10 Comparison of vertical angle 0 of pitched
ball by experimental and analytical values
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Fig.11 Relation of horizontal angle ¢ and radius r
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