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Mechanism of High-Tech Rackets Performance
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With sport equipment, engineering technology has advanced to enable manufacturers to discover and synthesize new
materials and new design. There are rackets of all compositions, sizes, weights, shapes and string tension. At the current
stage, very specific designs are targeted to match the physical and technical levels of each user.

However, ball and racket impact in tennis is an instantaneous phenomenon creating vibrations and large deformations of
ball/strings in the racket. The problem is further complicated by the involvement of humans in the actual strokes.
Therefore, there are many unknown factors involved in the mechanisms explaining how the specifications and physical
properties of the high-tech rackets influence the racket capabilities. This paper has investigated the physical properties of
various high-tech rackets, predicting racket performance in terms of the coefficient of restitution, the rebound power
coefficient and the post-impact ball velocity. It is based on the experimental identification of the racket dynamics and the
approximate nonlinear impact analysis with a simple forehand swing model. The predicted results could explain the
mechanism of high-tech racket performance in terms of power and the difference in performance between the rackets with

different physical properties.
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Fig.1 Forehand stroke model(Ns= 56.9 N-m, Vo= 10 m/s)

Table 1 Physical properties
Racket A B C D E F G H
Face 100 100 100 110 110 120 120 68
.2 .2 . 2 .2 .2
area n in in n n n n in
Total 27 in 27 in 27 in 27 in 27 in 27 in 27 in 27 in
length 680 mm 680 mm 680 mm 685 mm 685 mm 685 mm 690 mm 685 mm
Mass 360 g 370 g 290 g 366 g 283 g 349 g 292 g 375 ¢
(+Strings)
Center of 308 mm 317 mm 350 mm 325 mm 361 mm 323 mm 363 mm 335 mm
Gravity
Iay 131 gm* | 140 g m? [ 11.4g'm? | 169 g'm?* | 120 g'm® [ 16.0 g*m? | 140 g*m® | 14.8 g*m®
Ier 335 g'm? | 36.6 g*m” | 34.1 g'm? | 40.7 g*m® | 359 g'm® | 38.0 g'm? | 39.0 g'm® | 41.2 g*m?
Iox 129gm’ [ 162 g'm? | 1.12g'm” | 168 g*m® | 099 g*m? | 2.21 g=m® | 1.78 g*m” | 0.94 g-m’
1st 122 Hz 215 Hz 171 Hz 132 Hz 176 Hz 142 Hz 137 Hz 103 Hz
freq
Strings 55 Ibs 55 |bs 55 |bs 63 Ibs 50 Ibs 79 lbs 79 lbs 50 Ibs
tension
Reduced 170 g 196 g 175 g 220 g 183 g 205 g 206 g 188 g
mass
WILSON EX-2 v PROTO-02 v EOS100
Feel Vro Feel Vro Feel Vro Feel Vro
e e, e e, e e, e e,
EX-110 EOS110 EOS120H EOS120A
Vg Vg B B
Feel Vro Feel Vro Feel Vro Feel Vro
e e, e e, € e, e e,

Fig.2 Estimation of racket performance
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