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A Research of Vibration Characteristics and Structural Optimization
for Tennis Racket with Modal Analysis

Jun ODATE*', Mitsuo IWAHARA,
. Kaoru SUZUKI and Akio NAGAMATSU

* Department of Mechanical Engineering, Hosei University,
3-7-2 Kajino-cho, Koganei-shi, Tokyo, 184-8584 Japan

Recently, solving vibration problems in the prediction step is strongly required to shorten the
development time. The purpose of this research is to clarify and improve vibration characteristics
of products such as sporting goods by experiment and calculation. A familiar tennis racket was
chosen and its vibration characteristics were investigated by actual impact test and experimental
modal analysis. It was clarified that the largest vibration was generated at the first mode. Structural
optimization of the simplified plate could diminish the peak by shifting the node of the mode to the
excitation response point. Design variables were the masses given to the circumference or the

thickness of elements.
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Fig.2 Vibration in striking the ball with —EEL L, FOROEEEEE - ik Ui,
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Fig. 6 Vibration in dropping the ball for superior
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Fig.7 Situation of experiment modal analysis
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Table 1 Comparison of damping ratio Fig.9 1°* Mode Shape for beginner racket
damping ratio
free
mode No. support holdings \\ﬂ E7
1 1. 16% 5.99%
2 1. 34% 2.78%
1. 36% 1.73%
Fig. 10 2nd Mode Shape for beginner racket
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Fig.11 1°** Mode Shape for superior racket
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Fig. 14 Calculation result of the anti-resonance

point
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Fig. 16 Frequency response function of mass change
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