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Comparison of the 40 mm Ball with the 38 mm Ball
Impacted to the Table Tennis Racket Based on the Predicted Impact Phenomena
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This study compares the new larger 40 mm ball with the 38 mm ball in terms of the impact force, the contact time, the
deformation of the ball and rubber, the coefficient of restitution and the rebound power coefficient associated with the impact
between the table tennis racket and the ball when the impact velocity and the impact locations on the racket face are given. It is based
on the predicted results using the experimentally identified dynamic characteristics of the ball-racket system and the approximate

nonlinear impact analysis.
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Fig.1 Impact model for table tennis
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Table 1 Physical properties of table tennis racket.

Racket BISIDE with [BISIDE without
rubber rubber
Face area 185 cm? 185 cm?
Mass 171g 91.5g
[Center of gravity 147 mm 130 mm
from grip end
Moment of inertia  [2.51gm? 1.10 gm?
IGy about Y axis
Moment of inertia  |0.26 gm? 0.16 gm?
Iox about X axis
Ist frequency 253 Hz 351 Hz
Force F Force F

Deformation Deformation

X X

(a) Ball (b) Composed rubber & ball system
Fig.2 Illustrated applied force - Deformation test
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Fig.3 Rresults of the compression test of balls. (1 kgf=9.8 N).
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Fig.4 Results of compression test of composed rubbers & ball
systems. (1 kgf=9.8 N).
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Fig.5 Deformations Xz of ball s against the applied force
assuming that balls deform only at the side in contact with the
rubbers. (1 kgf=9.8 N).
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Fig.6 Deformations Xz of rubbers with a 40 mm ball and a 38
mm ball against the applied force.
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Fig.7 Restoring forces vs. deformations of the composed
rubber/ball systems with a 40 mm ball and a 38 mm ball.
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Fig.8 Comparison of stiffhess vs. deformations of the composed
ball/rubber systems with a 40 mm ball and a 38 mm ball.
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Fig.9 Comparison of restoring force vs. stiffness of the composed
ball/rubber systems with a 40 mm ball and a 38 mm ball .
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Fig.10 Experiment of collision between a ball and clamped
rubbers for estimation of energy loss of the ball and the
rubbers.
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Fig.11 Measured coefficient of restitution of the 40 mm ball

impacted to the clamped rubbers compared to the 38 mm
ball.
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Fig.12 Computation of the velocities from recorded high-speed
videos for the measurement of coefficient of restitution
between ball and clamped rubber.
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1st 254Hz 2nd 293Hz 3rd 542Hz

(a) Freely suspended

Ist 244Hz 2nd 298Hz

(b) Loosely handled
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Fig.13 Vibration modes of a table tennis racket

Inpact Velositytm/s) 20 Ball Diameter  33mm

Reduced Mass(e) FB05  Impact Location &

Maximum Respanse Anplitude 14082m

1406 4m

—1.406 22 m

Fig.14 Predicted initial amplitude of table tennis racket vibration
component when a ball hits a racket at impact location A (Top
side) with a velocity of 20 m/s using performance prediction
system developed in this study.
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Fig.15 Predicted impact force vs. impact velocity when a ball

strikes the center of racket face. The impact force with 40 mm Fig.18 Predicted deformation of the rubber vs. impact velocity

ball is slightly larger than that with 38 mm ball (1kgf=9.8 N). when a ball strikes the center of racket face.
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Fig.19 Predicted rebound ball velocity vs. impact velocity
Fig.16 Predicted contact time vs. impact velocity when a ball when a ball strikes the center on the racket face.
strikes the center of racket face. The contact time with

40 mm ball is shorter below 15 m*s™! and longer above 15

08
m-s’! of impact velocity than that with 38 mm ball.
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0 ! Fig.20 Predicted rebound power coefficient e when a ball strikes

0 10 20 30 the center on the racket face at the velocity of 30 m-s™.
The rebound power coefficient with 40 mm ball is slightly
larger below 20 m-s™! but smaller above 20 m+s™! of impact
velocity.

Fig.17 Predicted deformation of the ball vs. impact velocity when
a ball strikes the center of racket face. The deformation of
the ball with 40 mm ball is much larger.
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