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3D Trajectory Analysis of the Baseball Ball Considering the Impact Force
Applied by the Batter and the Conservation of the Angular Momentum of the
Ball at the Time of the Impact

«Kousei Ajioka, Tam W. Nguyen, Kenji Hirata (Toyama University)

Abstract:

This paper proposes a 3D model trajectory for a baseball ball that takes into account the

impact force applied by the batter at the time of impact and the conservation of angular momentum
in three-dimensional space. The impact force is decomposed into a normal and tangential force, which
influence the translational motion of the ball and the rotational dynamics of the ball, respectively. The
initial condition of the post-collision ball angular velocities are calculated based on this principle. Finally,
simulations of the proposed model are conducted, and the validity of the model is verified by comparing

it with data from real ball trajectories.
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Fig. 1: Velocity v; decomposed by v, , the linear veloc-
ity generated by wiat , and vy, , the pure linear
velocity at the point of impact.
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Fig. 2: Decomposition of F as of FT;V and FTI‘:, which are
the normal and the tangential force components,
respectively.
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Fig. 3: Ball bouncing motion [7].

Fig. 4: Coordinate system a?’,y_7727 attached to the bat
at the impact point.
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Table 1: Parameters of the simulation of the pitcher-
batter system.
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Fig. 5: Ball trajectory viewed from the side.
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Fig. 6: Definition of the hitting angle o and direction of
ball rotation.

Table 2: Parameters of the simulation of the pitcher-
batter system.
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Table 3: Comparison of the proposed model and the pre-
vious model with actual measurements.
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Fig. 7: Statcast [14].
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Table 4: Parameters of the simulation of the pitcher-
batter system.
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Fig. 8: Ohtani’s home run in the simulation (Top).
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Fig. 9: Ohtani’s home run in the simulation (Side).

Table 5: Comparison of Ohtani’s home run data with
simulation results.

Exit velocity(MPH) | Height (m) | LA(° ) | Dist(m)
Data 103.9 34.4 34 122.2
Simulation 103.8 34.4 34 120.1
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