S19

MKEEZTEDHDODTRASTIrDIEEEE

RFEMEDINTVARETENT Y ADFOEK

Balance Design of Maneuverability and Rebound Characteristics
for Maximizing Power of Tennis Racket
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At the current stage, the terms used in describing the performance of a tennis racket are based on the feeling or perception of an experienced tester
or aplayer. However, the optimum racket depends on the physical and technical levels of each user. Accordingly, there are many unknowns
regarding the relationship between the performance estimated by a player and the physical properties of a tennis racket. This paper investigates
the performance improvement of the super-light weight racket in terms of power by customizing the weight distribution and total weight of the
racket available on the market by balancing design of maneuverability and rebound characteristics. It is based on the simple Finite Element
Analysis with an equivalent ball-strings compound system. While this paper did not consider the strength of materials and needs the future
research, the result showed that the gravity center of various virtual weighted rackets ranging from 260 g to 320 g with maximum post-impact
ball velocity locates at 60 % of the total length of when a ball is struck at the center on the string face.
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Fig.1 Balance of maneuverability and rebound characteristics.
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Fig.2 Compound ball/strings system and racket frame model
during impact.
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Fig.3 Racket frame model.

A= VN V) THEET DHEEZME LA —L « A b
Vo 7HEEZD 1 HAEET L THD. R—LTA MY~
7 EMT A RMOBERL, POCEREETSELER
— LN — L A U T OB A IR Kgp & FERIE

BEAEWE Cop M LT T L—AICEHET S L B2 LTS,

AR T ADERIZ T L—AIZED. R— X R
T DOREEBIIMEIER EHRERNOEET D, Ky
AR T ADIBILEM AN ER, Ko N—LDIERIE
EAIEREL, Ko ; BR—/b « A U 7 2AOIERIELEAM
BANKER, Cgp; R—IL+ 2R 7 2ADEAZRDIE
MIEEMBORELR, mp; R—NVER, Vi B — VPR E
THDH. M1OIEAR—L - 2 N) T REERNT 7 v b
T LU= AR LB SRS ETATH D, T
L— 2 (BT 0) & 20 o013 0 BRI /E L CEEsUb L,
2E%L & LUTCHEREAZ 07L(T7 v b~y R H3EH
1EL14F0), 70 7% 03L(FEHE15~20)E L, MItE
e BRI T D L (K 3). T47 v hORE
BE - WA - R - REE - BOMLE - 77y PBXD
MR DEMEE—A L b« R—/VE&R « R— LR -
R—VHNEE 72 8 % 5 2 TR 2 ®0D,

HEROTRT 77y o 1k (2880 EAREDHEESEN
MEEBTY ETVHEMER LITRT.

Table 1 Fundamental (1st) frequency of rackets and models

1st [Hz]
Racket name
Calculated | Measured

EX-2 122 122
PROTO-02 211 215
EOS-100 171 171
EX-110 134 132
EOS120A 139 137
EOS120H 144 142
Cramer(Wood) 105 103
Asymmetric 149 151
EOS110 173 176
IMP-3 138 142
PRINCE-SG 127 127
TSL 200 201
IS-10 205 205
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Fig.4 Player's swing model
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Table 2 Physical properties of virtual rackets.

e 05 w\o\o\o Racket name TSL#274g | TSLADIST-LG
% Length 710 mm 710 mm
I Mass 274 ¢ 274 ¢
02 —&—TSL Center of gravity: Lg 413 mm | 413 mm
o1 | —A— TS1#274g Inertial momer.lt of racket 10.2 gm® | 9.1 gm?
—o— TSL#254g about the gravity center: I
0 O— TS1#304g Inertial morr.lent of racket 42.6 gm® | 41.3 gm’
ot ‘ ‘ ; about the grip: Igg
150 -100 =50 0 50 100 150 Inertial moment of racket 2 2
op Center Near{mm| about the shoulder joint: Irg 167 gm 165 gm
Impact Location Inertial moment of arm-
Fig.5 Rebound power coefficient e when a ball strikes the racket system about the 252 gm® | 250 gm’

various locations on the string face (Vzo = 10[m/s], shoulder joint: Iy

N,=56.9 [N-m])
e 0.5
Vi [m/s] —|-TSL %
—A—TSL#274g
o —o—TSL#254g 0.3 1
—O— TSL#DIST-
—O— TSL#304g 02 - LG
35 —&— TSL#274g
0.1
30 t o
-150 -100 -50 0 50 100 150
Top Center Near|[mm]
25 Impact Location
-15100p 10050 CerPter 50 g(z)lr[mllg Fi : :
ig.7 Rebound power coefficient ¢ when a ball strikes the
Impact Location various locations on the string face of TSL#DIST-L
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Fig.10 Gravity center location vs. racket mass with maximum
power

Table 3 Physical properties of representative four rackets

R EX-2 | EOS100 TSL IS-10
acket name - - -
Conv. |[Super light|Super light| Intelli fiber
Length 680mm | 680mm | 710mm 700mm
Mass 360g 290g 224¢g 241g
Center of | 308mm | 350mm | 379mm | 382mm
gravity
I 13.1gm? | 11.4gm* | 11.0gm®> | 11.2gm?
I 33.5gm* | 34.1gm® | 32.4gm* | 36.7gm’
Ins 167gm* | 150gm® | 135gm® | 125gm?
I 252gm® | 235gm’ | 220gm® | 210gm’
Frame stiffness| 125Nm’® | 213Nm” | 232Nm” | 280Nm’
Handle
stiffness [ 190Nm® | 184Nm® | 163Nm* | 172Nm’
Frame mass
distribution [0.46kg/m| 0.44kg/m | 0.35kg/m | 0.39kg/m
Handle mass
distribution |0.70kg/m|0.35 kg/m | 0.24kg/m | 0.24kg/m
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Fig.11 Post-impact ball velocity V3 when a ball is struck
at the various locations on the string face with

attached mass of 40 g at various locations (Vo =

10 [m/s], N,=56.9 [N-m])
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Fig.12 Racket head velocity J}, at the center of racket face Fig.13 Rebound power coefficient ¢ when a ball strikes the
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Fig.14 Post-impact ball velocity V’; when a ball is struck at the center on the string face of various weighted rackets (V3o =10[m/s], N,=56.9 [N-m]).
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Fig.15 Location of gravity center of various weighted rackets with maximum post-impact ball velocity V'’ compared to the original racket when a
ball is struck at the center on the string face (V3o =10[m/s], N,=56.9 [N m]).
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Fig.16 Location of gravity center of various weighted rackets with minimum shock force at the grip compared to the original racket when a
ball is struck at the center on the string face (V3o =10[m/s], N,=56.9 [N-m]).
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Fig.17 Fundamental vibration mode of various weighted
rackets with maximum post-impact ball velocity V'
when a ball is struck at the center on the string face
compared to the original racket .
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