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Prediction and Estimation of Power of Tennis Rackets with
Clamped Strings Compared to those with Wheels on the Sides

E JIRIEE (BEIX)

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

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 new type of rackets appeared in the market with wheels or with
clamped strings by contraries replacing conventional grommets on the sides, 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 two new type rackets. Although the racket with clamped strings provides higher coefficient of
restitution around the center of strings face than the racket with wheels on the sides, there is no big difference in
the performance relevant to the power. The shock vibrations at the wrist joint relevant to the comfort or feel will
be reported in a separate paper.
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Fig.1 Non-linear Impact model of a ball-string system..
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Fig.2 Computer aided prediction and estimation system for tennis racket performance in terms of power.
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(a) Racket V-CON20
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(c) Clamped strings on the sides
Fig.3 Racket with clamped strings on the sides.
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(b) Racket geometry (ROLLERS 3.1)

(c) Wheels replacing conventional grommets
Fig.4 Racket with wheels on the sides.

68

Table 1 Physical property

V-CON20 Rollers3.1
Racket Vibration Control Rollers
Total length 700 mm 705 mm
Face area 755 cm® 742 cm®
Mass 275g 268 g
Center of.grawty 360 mm 369 mm
from grip end
Moment of intertia 5 5
1 oy about Y axis 12.2 gm 13.2 gm
Moment of intertia 9 9
1 o about grip 35.3 gm’ 37.2 gm’
Moment of intertia 9 2
1. about X axis 2.049 gm 1.913 gm
1st frequency 170 Hz 205 Hz
Strings tension 551b 58/53 1b
Reduced mass (center) 0.18 kg 0.17 kg
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Fig.5 Reduced mass at hitting locations of freely suspended
racket
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Fig.6 Experimentally identified vibration modes



4. REFEH

X8 &, 247NV K- A bO—YZBELLRSA VT -
ETILTHD. FELFHOBEAEZ—EICR > CEBEET
HIZ—EDEE MLINsEEZ, Bl 57 v FRABEE
FHYICa2 EEELIECATR=ILES Yy EHIEERT
5. BoI%, 142\ FERIOR—ILEEXREEFELANILD
SY—FBELT, 412/ FERIOR—ILEE VBo= 10
w/s , BEEEE FILYNs=569Nm #5255 K- R
FO—ODGEORFERE e OFAFERTHS. 10,

Fig.8 Player’s forehand stroke swing model.
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Fig.9 Predicted Restitution coefficient € r (Ns = 56.9Nm, Vg = 10m/s)
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Fi.11 Predicted Pre-impact racket head velocity Vg, Figl2 Rebound power coefficient ¢ (Ns=56.9 Nm, Vg =
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(Ns=56.9 Nm, Vo= 10m/s) 10m/s)
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Fig.13 Predicted post-impact ball velocity Vg (Ns = 56.9Nm, Vo = 10m/s)
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Fig.12 Sweet area in terms of power
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