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Impact Vibrations of a Racket Handle and the Wrist Joint in Tennis

Yoshihiko KAWAZOE and Ryoso TOMOSUE

The performance of a tennis racket concerning the shock vibrations of the racket handle during
impact is one of the important factors for the optimum design of rackets. This paper investigates the
mechanism of shock vibrations caused by the impact between a ball and a racket on the basis of the
approximate nonlinear impact model and the vibration model of the racket, identified using the
experimental modal analysis, and gives physical explanations for the recorded waveform of mea-
sured acceleration of the racket handle and the wrist joint when a male tournament player hits flat
forehand drives. The results show that the shock vibrations at the racket handle are composed of the
reaction force and the vibrations of the racket frame when the ball hits the strings, and also show that
there is no reaction force when the ball hits the center of percussion on the racket face. Furthermore,
the reaction force due to ball-racket impact and the vibrations at the racket handle are rather small

when the ball hits near the center of the racket face with the normal grip position.

Key Words: Sports Engineering, Tennis Racket, Impact, Shock, Vibrations, Experimental Modal
Analysis, Center of Percussion, Nonlinear Restoring Force, Wrist Joint, Tennis
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B2y, RIBITROHBE, 7V v 7iEd» 5% 200 mm
DAETIA 237 P OBEOERERZ/NS Ly
5, FIETEITLLBEOR 1 (a)DMEEDOE — 2
i, BHIX 7V —LDIRENC L 2 LHRITE S,

6. FAHEKL BITERRK
TV —LREOBWET 7iX, R—LVERN) T
2 DOEMEFENE VW E D ITBEU 3 & h, REASE WL

(a) 10 m/s
625

ERBRUBEDELSEbILS, &/, ANY YV ITARD
3E% L, BARFEBRE kLo WMBH /NS
BHZEWIHELELT B, LerL, TheDZ ik
TN TREBST, WEDA bu— 7 BEOHEHE
BB 2 EAERCHERBR L FET 390,
7Yy 7OERIEEDOEAFEH 2R &, HoH»
WKERICII2EmEBL 7V —ADREBIBNER>TED,
L7e3-> T, FRRU 2 MR ORECERIRE O
AN, REEOEARECITRE LOFHE DK S &
LREZ2ETTHS., BEOEVET 7 idEfhEE
BENE IR L 0, BItoEWI rv hid7 v
— ADIRBAHBE LS THY, £, AV S
AEBAFOI:T 7y PIEEABKEL LS TBL
5D, AMY YT AEBLES Ty y bz VS
ERINITBECBVT 7V —20EEHBRE DS
TH35, I TITELEBEE, 7v—L0EE
BB BDT, 7V —LRIERR MY ¥ 7 AHIRAER S

122 Hz Ag 215 Hz

~~~ vﬁ
(a) /—==n-+ (b) EEMEZ7v
77 v b

B 10 7))y 7BRER) DS 7y s OBEXIREE— F,
(a)y/—==neF7v b, (b)BREMES Yy b

117 Hz Z 210 Hz

(a) /== (b) EBRIEZr v+
VAN

K1 VY 72FTCLobYIXIREEDI7ry bD
EXREE—VN, (a) /=<5 v, (D)B
BItEZ 7r v b

Normal

70 mm 70 mm

< O V=

70 mm

B 12 EHTITRULEED 7 v — ADREILEEIREE S O 25
(EZEE30m/s, /—=<NL+F7y b EERIES Y v M)
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DEER/PNE W,
7. # ]

T MNYEN(TY) 7)) DED DRBOELE.
WEID A D= XL 5HSMIZL, ER SV —Fy—DE
FTXBF 3979+ BLUFEOIEE D EZHFEF
YVERHERE 27, B RABREENT 2 L UTO
Lok B,

(1) 4> 7 bOBEOSY) vy 7OERESI,
BERCLZEER AL 7V —LDEENICE 2 bOHE
ToTwb,

(2) BEOE#KZY v 7By 24T80%
DIREBAERFLL D DRIRITAZH D, FTEDOHL
THELLLEA VX VOEBRHDZIELALR
v,

(3) WM TITBLI LS LBTTITELLLET
i3, BRRIGENAE IERT 5.

(4) @EEEHLHET L, K—~L A MNY 7RI
WLR20DT, A b)) Y7 AHEEOEEIZAKICK
EL{RD, kU FITBTRANY V7 RAYBEHP Y
v — LRI BT IRENIC BT TR I/ E W,

(5) BEHNZEEMM (NTVR) 2257y
FTIE, R TITRT2B8E3 57y b2ELEOIE
BT TIBTZHER 7y 2R OIELE
BINEL, 2V TR T 2HE3, DOEDIE
DEFHRINE L, LU IELTITRTARY, g%

Wz 7 )y B TIREEIC L 2EHER IS O,

(6) 277V v 7ORBIMEERBIIEST— F L0
BETY vy TR T AHEII/NE 0,

(7) 7v—2RMEE2EDIS 7y bD 7Y v 7R
BUIOE A I, MZSEEE LN R WLIBS I IRIE VN S 1ags,
FREESKESRDE, BLARIBIRKE L3,

RITEBRICEL T}, S5 YBEBHORL 25>
v PRI OWTEH LR 2 L Tw» 3 D TROKS
HRET 3,

Kb D ICEITERICE KRR 2w BET
ZAMREDOERCEL BILHEL ET 2, /-, HE
ZRIRRVIZIE VTV B Y= (BR) A K — VBERDH
K, BEAR—-YVEEEEAR—Y T¥HEL, BE
IEEAR—VHAEDI4F+ 3 v 7 AEMEELB
URBIC IO ZVIBEIR - FRIEE4E
& HIEZ, &IIE, REEE, =)IEL, AEEE
DEFBWERT 5,
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