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e RO EE  (330) : A dynamic model for motion of basketball in basketball shots is
derived using the Kane’ s method. The model is used to investigate shot success sensitivity
to initial conditions and to search for initial conditions that lead to capture or escape
of shots. Nonlinear ordinary differential equations describe velocities and angular
velocities of a basketball. Our dynamic model with real parameters has six distinct
sub—models: gravitational flight with air drag, and ball-contact sub-models for ball-rim,
ball-backboard, ball-bridge, ball-bridge-board, and ball-rim—board. Each contact
sub—model allows both slipping and non—slipping, and spinning and non—spinning motions.
We switch between the sub—models depending on the contact point velocity and forces. The
ball-contact sub—-model includes radial ball compliance and dissipation. We identify
coefficient of air drag, basketball stiffness and damping, and friction of the ball for
the rim and backboard. The model can calculate long rolling on the rim, and even stick
between the rim and backboard.
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Inclined plane experiment
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Figure 1: Measurement of coefficient of friction
between the basketball and backboard.
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Figure 2: Measurement of coefficient of friction
between the basketball and rim.
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Figure 3: Coefficient of friction of the leather and
synthetic basketballs for the rim as a
function of the distance between the rims.
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Figure 4: Free fall of the leather basketball.

0.0003
+
L . . 4
Q_ + . N +
§ o000z R 1
= - i
0.0001 - E
0 L L L
0.4 0.5 0.6 0.7
Co

Figure 5: Error between the calculated and
measured trajectories in the free fall for the
leather basketball.
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Figure 6: Trajectories of calculated and measured

basketball-backboard bounded test for shot with
backspin.
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Figure 7: Trajectories of calculated and measured
basketball-backboard bounded test for shot with
low spin.
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Figure 8: Trajectories of calculated and measured

basketball-backboard bounded test for shot with
topspin.
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Figure 9: Trajectories of calculated and measured

basketball-rim bounded test for shot with
backspin.
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Figure 10: Trajectories of calculated and

measured basketball-rim bounded test for shot
with low spin.
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Figure 11: Trajectories of calculated and
measured basketball-rim bounded test for shot
with topspin.
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