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Performance Prediction of Large Face Size Tennis Rackets
with Different Mass and Mass Distribution in Terms of Feel

IE JIgIEE BEIX)

Yoshihiko KAWAZOE, Saitama Institute of Technology,1690 Fusaiji, Okabe, Saitama

At the current stage, the terms used in describing the performance of a tennis racket are based on the feeling
of an experienced tester or a player. However, the optimum racket depends on the physical and technical levels of
each user. Accordingly, there are a number of unclear points regarding the relationship between the performance estimated
by a player and the physical properties of a tennis racket. This paper investigates the physical properties of a conventional
weight balanced racket and a super light racket with large face area, predicting racket performance in terms of the
impact shock vibrations of player's wrist joint, which might be related to the feel. It is based on the experimental
identification of the racket-arm dynamics and the simple nonlinear impact analysis, clarifying the mechanism of a
difference in performance between the large sized conventional and the super light racket. The result shows that the
shock vibration of the super light racket is smaller during impact and has a wider sweet area in terms of feel than the

conventional one.

Key Words: Dynamics of Machinery, Sports Engineering, Tennis Racket, Feel, Impact, Shock Vibration,
Vibration Mode, Node, Center of Percussion, Wrist Joint, Racket Handle, Performance
Prediction, Conventional Weight Balanced Racket, Super light Racket, Large size Racket
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Fig.1 Impact model for the prediction of the shock force transmitted

to the arm joint from a racket.
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(a) Experiment where a male player hits flat
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Fig.4 Experimental situation and shock vibrations at

the wrist joint.

(MH=0kg)

| | <—EX-110
—-4A-EOS110

Max Grip Shock Accel (G)

Impact location

(a) Freely suspended

Table 1 Specification and physical properties

Racket EOS110 EX—110
Total length 685 mm 685 mm
Face area 705 cm? 705 cm?

Mass 283 ¢ 366 g

Center of gravity

. 361 mm 325 mm
from grip end

Moment of inertia
2 2
Iy about Y axis 359 gm 40.7 gm

Moment of inertia " ,
Iy about X axis 0.99 gm 1.68 gm

1st frequency 176 Hz 132 Hz

String tension 50 1b 45 1b
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Fig.5 Predicted Maximum shock acceleration at the grip of rackets.
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Fig.6 Vibration modes of tennis rackets
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(b) Summation of vibration mode components

Fig.7 Vibration components at the grip 70 mm from
grip end (Impact location : Top side B)
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Fig.8 Summation of the predicted grip vibration
amplitude considering 4 vibration mode
components.
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(a) Shock vibrations at the grip (Impact location:

—~—EOS110
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(b) Shock vibrations at the grip vs. impact locations
(Impact velocity: 30m/s)

W 1~10 (x10G)
E 11~20 (x10G)
E21~30 (x10G)

EOS110 (283g) EX-110 (366g)

(c) Predicted sweet area with shock vibrations
peak value at the grip of freely-suspended racket.

Fig.9 Predicted shock vibrations at the grip 70 mm
from grip end of suspended racket.
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