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Prediction of Racket Restitution Performance Based on the Table Tennis Impact Analysis
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This work investigated the physical properties of the racket and the ball, and predicts the impact force, the contact time, the deformation of
ball and rubber, and the rebound power coefficient associated with the impact when the impact velocity and the impact location on the racket face
are given. It clarifies the origin of ball speed. It is based on the experimental identification of the dynamic characteristics of the ball-racket system
and an approximate nonlinear impact analysis, where the contact time is determined by the natural period of the whole system composed of the
mass of the ball, the nonlinear stiffhess of the ball and rubber, and the reduced mass of the racket at the impact location on the rubber face. Also
considered is the energy loss during the impact. The diameter and the mass of the ball are 38 mm and 2.5 g respectively and the mass of the racket
is 171 g including 79.5 g for two sheets of rubbers . This work enables us to predict quantitatively the factors associated with impact between a
racket and a ball. The results show that the rebound power coefficient peaks at 18 mm from the center of the racket face and is not influenced by

the mass of a player's arm. The rebound power coefficient decreases remarkably with increasing impact velocity.
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Fig.1 Results of force-deformation tests of a ball and a
composed rubber & ball system (38 mm ball, 1 kgf =9.8 N)
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Fig.2 Measured coefficient of restitution between a ball and the
clamped rubber (38 mm ball).
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Fig.3 Reduced mass at the locations along the longitudinal
center line on the racket face.

R—ILREBLUVSITINEREEZENTN, Vao, Ve, Vro, Va
EL, BRIZETEHE, EFHEREFYN REOKXZAN, 5
TYMRDIRENICEDIRIILFIBRETE R THE, R—IL-51
— I IMREEROERALEM N \ARRBEOERKRIIRD L
pltAv3
F _ (Vo = Vo ) +epp)JmM, X )

MEAN — HW RB

FROBERAMSEN-R(DWETERBRIYRD=ER L
NRAEDRERR Fre =AKrp) ZEILSEDE, BREE
(Vo - Vro)E B Z EEDFEHEREN Fupav EBEE/NREIE Krs
MRFY, T EIR—ILESN—DERE, EMERE Tc i
EHLRFED.

EBRE—FHEFIZEDOVT, SYYMELOEEDMEICE
MEEANMMEALEZGEEOEEDRDS 7Y EME EIRH
EETROTHES R—ILESNHA—TEICERATI2EEAERE
ET7-UIEBRLTRARBERICBEVTERTONE, FEOD
HRLERREICHT S5 VDR EMIRIEEETE T 52
EDTEDS. SHITTTYMEBEDBERBERLFATES.
AN ERDOT T YD RRIREIREZ R D, 57 vHMRE
ICKBDIRINFEREHETIERRBRBNKRFESD.

FRLERBEEEAVNTEHLS7YMNIAR—ILAERET S
CENFEHREFNEFREZDR—ILEEDL, ThHhhERHE
HREERTRE NG ¢ LEETES.

4 1% BREBEFELTERENGRHAOZEILIEREIC
NS, BIRDEFEMEEDEE(T/NSNIEETRT.

5 (FIEMEFEOFEBELERETHS.

4. FIPDORFEERED TR

6 &, S7YNEIHE ATR CTHERIZEITEIRENIZR
BOFHFTHY, STIYMRDEEICLZIRILTIBEDE
EBHRINSWNZEETT. 2120, STYMNALDITRES TV
NURIVIZEDDIREEDBERIFITHRERICEELR&REIZED.
7 1& S7VvrOREFE#@ (AR LOITRICETIRHE S
REOTAEERT. BEIIT)VTIHENCDEHTHS.

5 % &
BIRIZBITE55 v ER—ILD RO T F M4 4 AL ST
IZHFET 5012, SHYNR—ILOBEEETILEST IR
MO FAE BLUTFRHKRZRLZ. (1) S7vbeR—
JLEDEMBERE XEAESIFFE—BLE. Q) SRS VD
HEMEBEICHRELE-EECEIETHROEZEIBHT

- 176 -

0.7

06 1 8m/s
05 | 16m/s
04 | 24m/s
(]
03 r
0.2 -
01 r Reduced Mass (g)
0 1 1 1 1 1
0 20 40 60 80 100
Fig.4 Effect of reduced mass on the rebound power
coefficient
2 L

18 |
@ 1.6 C O
E14at
[] L
212}
Fo1F
Bos
€06 .
8 0.4 —&— 38mmBall Predicted

0'2 ¢ 38mmBall Measured

0 L 1 1 1 1 1

0 5 10 15 20 25 30
Impact Velocity (m/s)

Fig.5 Calculated contact time vs. impact velocity.
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Fig.6 Predicted rebound power coefficient e of a racket
when a ball strikes at the location of A(top side).
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Fig.7 Predicted rebound power coefficient e when a ball
strikes a suspended racket at the locations of longitudinal
centerline on the racket face.
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