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Prediction and Estimation of Power of Tennis Racket ITF for ITF Performance Test
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Several former top players sent a letter to the ITF (International Tennis federation) that tennis has become
unbalanced and one-dimensional, because rackets today allow players to launch the ball at previously
unthinkable speeds.Modern racket technology has developed powerful, light, wide-bodied rackets. There's even a
racket with a chip built into the handle that allows the racket to stiffen upon impact with the ball. All of this
technology has led to major changes in how the game is played at the top level. ITF seems to have started the
test to examine the performance of tennis racket against the above claims. Since the sport should be learned from
the experience, it is the subjective thing. Accordingly, it is quite difficult to see how the physical property of
equipment has an effect on the performance of a player. The terms used in describing the performance of a tennis
racket are still based on the feel of an experienced tester or a player even today. This paper investigated the
physical properties of the racket that was manufactured by ITF for performance test, predicting its performance
in terms of the coefficient of restitution, the rebound power coefficient, and the post-impact ball velocity
relevant to the racket power. It is based on the experimental identification of the racket dynamics and the simple
nonlinear impact analysis. The predicted results could explain the difference in mechanism of performance
between the the racket ITF and the recent representative racket. The racket ITF provides higher coefficient of
restitution particularly at the topside of string face and slightly higher post-impact velocity despite lower racket
head speed compared to the recent representative racket. Prediction and estimation of feel will be reported in a
separate paper.

Key Words: Dynamics of Machinery, Sports Engineering, Impact, Tennis Racket, Performance Test, ITF,
Coefficient of Restitution, Rebound Power Coefficient, Power of Racket
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(a)
Fig.1 ITF racket performance testing machine to measure the
maximum power a racket can generate. The aim is to

(b)

benchmark all performance rackets from major
manufacturers to produce an independent database of racket
power values.
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Fig.2 Non-linear Impact model of a ball-string system.
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(a) String mesh (b) Impact locations
Fig.3 String mesh and impact locations on the racket face.

(b) Racket ITF
Fig.4 Rackets used in the experiment.

Table 1 Physical property of tennis rackets

Racket ITF V-CON17
Total length 680mm 699mm
Face area 633 cm’ 690 cm’
Mass 35lg 300g
Center of gravity from grip end 324mm 345mm
Moment of inertial / ; about ¥ axis 17.69gm’ 13.73gm’
Moment of inertial / , about grip 40.33gm’ 36.42om’
Moment of inertial / (; about X axis 1.57gm’ 1.383gm’
1st frequency ~ 141Hz 161Hz
Strings tension ¥56Ih 55Ib
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Fig.5 Reduced mass of racket at hitting locations along the
longitudinal axis with an arm.
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Fig.8 Predicted Pre-impact racket head velocity Vzo
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Fig.10 Energy loss E1due to racket vibrations, Energy loss E2 due to instantaneous large deformations of a ball and strings corresponding to the
coefficient ezc. and total energy loss E.
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Fig.11 Predicted Restitution coefficient € r  (Ns = 56.9Nm, Vpg = 10m/s)
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