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Performance Prediction of Active Piezo Fiber Rackets in Terms of Tennis Power
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Several former top players sent a letter to the International Tennis Federation (ITF) encouraging the governing
body to revisit the question of rackets. In the letter, the players wrote that racket technology has led to major changes in
how the game is played at the top level. This paper investigated the physical properties of a new type of racket with
active piezoelectric fibers appeared recently in the market, and predicted the various factors associated with the frontal
impact, such as impact force, contact time, deformation of ball and strings, and also estimated the racket performance
such as the coefficient of restitution, the rebound power coefficient, the post-impact ball velocity and the sweet arcas
relevant to the power in tennis. It is based on the experimental identification of the dynamics of the ball-racket-arm
system and the approximate nonlinear impact analysis with a simple swing model. The predicted results with forehand
stroke model can explain the difference in mechanism of performance between the new type racket with active
piezoelectric fibers and the conventional passive representative rackets. It showed that this new type racket provides
higher coefficient of restitution on the whole area of string face and also gives larger rebound power coefficients
particularly at the topside and bigger powers on the whole area of string face but the difference was not so large. It
seems that the racket-related improvements in play are relatively small and the players themselves continue to improve,

accordingly there is a gap between a perception and reality.

Key Words : Sport Engineering, Performance Prediction, Tennis Racket, Active Piezoelectric Fibers, Impact Analysis,
Experimental Modal Analysis
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Fig.1 Racket with active piezoelectric fibers.
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Fig.2 Non-linear impact model of a ball-string system.
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Fig.3 Restoring forces vs. deformation of a ball, strings, and Fig4 Stiffness vs. deformation of a ball, strings, and a
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Fig.6 Calculated shock shape when a ball strikes the center on the String face.
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Fig.8 Geometry of of Intelligent fiber Racket Is-10.
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Table 1 Physical properties

Racket IS—10 TSL | EOS120A

Total length 700 mm | 710 mm | 690 mm

Face area 740 cm” | 742 cm® | 760 cm®
Mass 241 g 224 g 292 g

Center of gravity
from grip end
Moment of intertia
1 ;y about Y axis
Moment of intertia
1 gz about grip
Moment of intertia
1 gx about X axis

382 mm | 379 mm 363 mm

11.2 gm? | 11.0 gm®? | 14.0 gm®

36.7 gm” | 32.4 gm® | 39.0 gm?®

1.51 gm? | 1.21 gm®? | 1.78 gm®

1st frequency 205 Hz 200 Hz 137 Hz
Strings tension 55 1b 55 Ib 79 Ib
Reduced mass (center) 179 g 152 g 206 g
Table 2 Frequencies of vibration modes of 3 rackets (Hz) Table 3 Damping ratios of vibration modes of 3 rackets.
Is-10 TSL |EOS120A Is-10 TSL EOS120A

1st 205Hz | 200Hz | 137 Hz 1st 0.014 0.011 0.008
2nd 400 Hz | 474 Hz | 322 Hz 2nd 0.012 0.011 0.013
3rd 493 Hz | 557 Hz | 391 Hz 3rd 0.003 0.005 0.006
4th 532 Hz | 581 Hz | 605 Hz 4th 0.013 0.004 0.002

(a) Racket Is-10

474Hz

(b) Racket TSL

137Hz 322Hz 391Hz 605Hz

(c) Racket EOS120A

Fig.9 Experimentally identified vibration modes
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Fig.10 Reduced mass M,of racket at the hitting locations. Fig.11 Predicted pre-impact racket head velocity Vi, (Ns=

56.9 Nm, V= 10m/s)
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Fig.12 Predicted Restitution coefficient e, (Ns = 56.9Nm, V3, = 10m/s)
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Fig.13 Predicted rebound power coefficient e (Ns = 56.9Nm, V3, = 10m/s)
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Fig.14 Predicted post-impact ball velocity ¥z (Ns = 56.9Nm, Vo= 10m/s)
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Fig.15 Predicted sweet area in terms of post-impact ball velocity V' (Shoulder torque Ns = 56.9Nm, coming ball velocity V3, =
10m/s)
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