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A Limit to the Weight Lightening Based on Performance Prediction of Tennis Racket
IE g ZE@EEIXR

Yoshihiko KAWAZOE, Saitama Institute of Technology, Fusaiji 1690, Okabe-machi, Saitama

At the current stage, the terms used in describing the performance of a tennis racket are 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 lighter 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. This paper has investigated a limit
to the weight lightening based on the predicted racket performance in terms of coefficient of restitution, rebound power, racket head
velocity and post-impact ball velocity for ground strokes. 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 showed that the lightest racket at present 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 with 275 g of frame. Accordingly it
was found that there seems to be a limit to the present weight lightening of tennis racket.

Key Words: Dynamics, Sports Engineering, Tennis Racket, Weight Lightening Limit, Impact, Coefficient of restitution, Power,
Shock Vibration, Prediction of performance

REDTZASTVORHRIIBELLTHS. S7VD (X 08 ¢
YO REESTZIKETD)EEIL, REDORHKIE 370 ~
400 g, BEEMSTYNDOWHDEL 360 g D 375g, 3B
[CBRELNEFBRESTIYNEFEIENS 300g #5547y
FANENTz. REORLEVNSTYRE 220 g ITELTLS. ©
APETIE, STYMBRER—IOEBRMEEELETHT /N>
R OSURRRA—9 ALV ETIVIZEDNT, R—ILDF
VICEET M EE (RERE, REE, STV ~NIFRE,

—A—princeTSL
0.1 | < EOS120A

~®—EOS120H
TEORE) B L OHTER R CBE Y S REZ FRIL, 57 vbD N
BRE{LOREREHRTL. -150 100 -50 ©0 50 100 150

Top side Center Near side (mm)

= 11% BEETOREBESZYE Prince TSL, FHRTHEBE

= — . = e— _ Fig.A1l Predicted rebound power coefficient
E547 9k EOSI20A BEURERBE RN R -S4 vk & P

EOS120H DYMBHMETRT. I[P UvTRAY (HERT D
RAUT S TAMIR), Loy (ZHED B DE (EEH M) E 2
HYDEHEE—AVITHS. ‘
REBEZ47 Yk Prince TSL [, NYREEAEL, 2205 LD ~
BAEMLRLA, RERY REE®ADIZEY, K—ILD 3 3 -
RUMEE(R AD)IFET TS LTy T HRERAES - 0 |
[CKRE(R A3), BEEICEIRADSHDHZENBASH 7o > e
- 30 | ——EO0S120A
—e—EOS120H
Table.1 Physical properties 150 100 _;023 o 50 100 150
Racket TSL EOS120A | EOS120H Top side Genter Near side (mm)
Total length 710 mm | 690 mm | 685 mm Fig.A2 Predicted post-impact ball velocity V3
Face area 742 cm2 | 760 cm2 760 cm?®
Mass 224 ¢ 292 ¢ 349 ¢ :
Center of gravity | 339 o | 363 mm | 323 mm 1900 T S Eosnon
from grip end 1400 | _o Fosi20H
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Strings tension 55 1b 79 Ib 79 Ib
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Fig.A3 Predicted shock vibration magnitude at the grip
portion of a freely suspended rackets
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Table.1 Physical properties
Racket TSL EOS120A | EOS120H
Total length 710 mm 690 mm 685 mm
Face area 742 cm2 | 760 cm2 | 760 om’
Mass 224 ¢ 292 g 349 g
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Moment of intertia 2
1 5 about X axis 121 gm2 | 1.78 gm2 | 2.21 gm
1st frequency 200 Hz 137 Hz 142 Hz
Strings tension 55 Ib 79 Ib 79 Ib
Reduced mass (center) 0.15 Kg 0.21 Kg 0.21 Kg
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Fig.1 Reduced mass along the longitudinal axis
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Fig.3 Predicted coefficient of restitution e,
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Fig.5 Predicted rebound power coefficient e
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