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Prediction and Estimation of Power of
Tennis Racket with the Biggest Sizes
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Currently, the terms used in describing the performance of a tennis racket are still based on the feel 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 unknowns regarding the relationship between the performance
estimated by a player and the physical properties of a tennis racket. The lightweight racket with head-heavy
configuration is recent tendency of high-tech rackets, increasing power with an increasing racket swing speed.
Racket frames as light as 200 grams have appeared in the market. However, the predicted results showed that the
lightest racket at present in the market has advantageous for racket head speed, but disadvantageous for
coefficient of restitution, rebound power, and post-impact velocity for ground stroke, and it has also large shock
vibrations at the racket handle compared to the ordinary super-light weight racket. This means a limit to the
weight lightening of tennis racket from the viewpoint of performance. The engineers and racket designers at the
racket companies seem to be under intense pressure to keep pumping out new and better technologies every year.
This paper investigated the physical properties of the biggest racket appeared in the market that was banned by
ITF rules several years ago, predicting racket performance in terms of the coefficient of restitution, the rebound
power coefficient, and the post-impact ball velocity relevant to the power of the racket. 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 biggest racket and the recent
representative racket. The biggest racket provides higher coefficient of restitution particularly at the topside of
string face, higher racket head speed and higher post-impact velocity 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, Biggest Racket, Performance,
Coefficient of Restitution, Rebound Power Coefficient, Power of Racket
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(a) Old wooden (b) Recent representative (c) Big-Bubba
Fig.1 Racket sizes compared to the size of a player
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Fig.2 Non-linear Impact model of a ball-string system..
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Fig.3 String mesh and impact locations on the racket face.
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Table 1 Physical property of tennis rackets

Racket V-CON17 BIG-BUBBA
Total length 699 mm 806 mm
Face area 690.3 cm’ 884.8 cm’
Mass 300 g 287 ¢
Center of.grav1ty 345 mm 440 mm
from grip end
Moment of intertia B 2
1, about Y axis 13.73 gm 17.95 gm
Moment of intertia B B
1 5 about grip 36.42 gm 57.25 gm
Moment of intertia 2 2
1. about X axis 1.383 gm 2.118 gm
1st frequency 161 Hz 122 Hz
Strings tension 551b 58 1b
Reduced mass (center) 190 g 160 g
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Reduced Mass Mr [g]

! ! ! J

-150 -100 -50 0 50 100 150 200
Top side Center Near side [mm]

Fig.6 Reduced mass of racket at hitting locations with arm.
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Fig.7 Experimentally identified vibration modes
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Fig.8 Player’s forehand stroke swing model.
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Racket Velocity [m/s]
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Fig.9 Predicted Pre-impact racket head velocity Vg,
(Ns= 56.9 Nm, Vgy = 10m/s)
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(a) V-CON17
Fig.10 Velocity component amplitudes of 1st mode of racket
vibrations affecting the energy loss related to the coefficient of
restitution between a ball and a racket (hitting location: Top
side B on the string bed).
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Fig.11 Predicted Restitution coefficient € r (Ns = 56.9Nm, Vg = 10m/s)
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V-CON17 BIG-BUBBA
Fig12 Predicted sweet area in terms of coefficient of
restitution
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Fig.13 Predicted rebound power coefficient e (Ns = 56.9Nm,
Vo = 10m/s)
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V-CON17 BIG-BUBBA
Fig.14 Predicted sweet area in terms of rebound power
coefficient ¢ (Vs = 56.9Nm, Vo = 10m/s)
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Fig.15 Sweet area in terms of power (post-impact ball
velocity V) for ground stroke.
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Fig.17 Racket face stability (Rotational angle due to
off-center impact)

- 122 -



3sJ O O
Z 36
E
N
—&— V-CON17
3 —O— BIG-BUBBA
30
Top 0 20 40 60 80 100
side B [mm]

(c)
36 \\O
S

VB [m/s]

34

40
32 —A— V-CON17
—O— BIG-BUBBA
30
38 20 40 60 80 100
Center D [mm]
_ 36 (d)
z
g 40
= —a&A— V-CON17
~ 34 | 38 —O— BIG-BUBBA |
= 36
E
Gl
32 + ~ 34
—a— V-CON17 0
—O0— BIG-BUBBA 32
L 1 1 39 1 1 1 1
30
-150 -100 -50 0 50 100 150 200
Near 0 50 100
Top side Center Nearside [mm] side F [mm]
(b) (O]
Fig.16 Predicted post-impact ball velocity Vg (Vs = 56.9Nm, Vo = 10m/s)
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