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Analysis of Impact Phenomenon with a Ball-Racket System in Tennis
(Effects of Boundary Condition at the Racket Handle)

Yoshifumi KANDA and Yoshihiko KAWAZOE

In tennis, it is important to determine whether the performance of the racket is influenced by the
grip condition on the racket handle, and how this affects player performance and racket design
processes. Although it is a well-known fact that ball-rebound velocities after impact are almost
constant in both free and fixed grip, the mechanism behind this remains unknown. The objective of
the present study is to determine the mechanism of this phenomenon by computer simulation.
Investigation of the propagation of deflection waves in the frame induced by impact showed that in
general, the deflection wave which is reflected at the grip end does not reach the impact location
during the impact phase and the reflected wave does not disturb the interaction between ball and

frame.

Key Words: Shock, Transient Response, Vibration of Continuous System, Tennis Racket,
Deflection Wave, Modal Analysis, Finite-Element Method, Coefficient of Restitution
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EHonT, Ihs L ERERD 2HRTHLERE
fIENSETRZERED T/hE W, Z0HFE, K5 (a)
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7 ] ] ] ] ] h free - - - .
) I
200 50 1.00 1.50 2.00 2.50 3.00 ms 00 1.00 2.00 3.00 4.00 500  s589ms
7 7 7 7 7 7 .1 fixed - - - - -
1]
|
00 50 1.00 1.50 2.00 250 3.00 ms 00 1.00 2.00 3.00 4.00 5.00 6.12 ms
- “ ] 7 - 7 y simply | B N l _ A
supported
00 50 1.00 1.50 2.00 2.50 2.98 ms 00 1.00 2.00 3.00 4.00 5.00 5.79 ms
L release release
(a) Va=30m/s, limp=0.75L (b)  Vee=10m/s, limp=0.6L
6 7V vy SR TRET b ABEOBRIINEL
TLPBEVTELST, REFEOEENZTLALE LV Modal
splacement displacement
YOSEETE S, 10, (mm free 10 (mm) free
CanﬁL’CS(b)BJ:U‘IZIG(b)O) Veo=10 Rotation
m/s, lmp=06L DHBEZBWTIE, 7Y v 7ITRE . 2t o .
L7zzbAEEO S b SRR EHEAME X TR b d et st
DOAE X, B5(a)B L UE6 (a) DBE AR Transaton Tt
T RAKELR>TWS, ZORR, 7V v i ‘1°o T 3 I -100 3 3 T
ms ms
DOEREHEVSEHE EEEOBED Y V) —AROERE Time \odal Time
RIZVE SHOEDBEL TS LHNTE 5, dpscare) fixed ooy fixed
35 AHZXLOEEWRET DlhicdriZ -
LR KEESRTIID 508, BERICHER T 2 BRY TR & -
R I RSt A E IR 2 T 5, Zhids ) v 0 S 2 °'—é—m
TORFICEFEN LV O LT E, FERRIRY
DEBROFIEERIEFTIIEL-THES N 10 ; . . -10 . . ;
0 1 2 3 ms [o] 2 4 6ms
% Time Time

B obRGIET s bABRIBEOETH -
T, BEOEVWEROKIE EEIEHEE (T4 b b A
HE) SR E WV, T ONHEEDORL 2% { DXRED
BEOBREIN DB bAFEEE I >TEY, &
DERBIEEETHEIXILTW L, Lo T, B
BRICEET 2 7V —ADTbAIREO RS %
D, ZThSDRERSIOERE L LT Db HBEOR
BEXHLLBNETH S,

ZZTET, JVv—LRHEMTE-FERL, B2
nize—FEM(E—FEE ZHVT, F—n+ X b
) U SAEERESHIEROEF FEAET,
OEEHER % Runge-Kutta (5 TR 2L X Dl
TR R{TS. 2O BZLICE-T, 7V—L0D%

(a) Vao=30 m/s, lgmp:0.75L (b)
7 7Vv—Ai0DE—FEMORLE

Vao:IO m/s, l.r,.,;=0.6L

— FEMOKREXIDS, 7V —LDBROEBIREIK
SORGENERICL S, IO E LROZ >0
—RARDOWVTITOoLERBK 7 THY, 7V —LDE
— FEMOEMEEEIN TOREBELN TS, T2
T, 7 v —ADIREIREOKER T IZRIFES GRENK 0
Hz) 2BWwTHT Y LT3, ITED7v—40D
RBEID S bEVLE VI RETOBEBROE—FDAHIEH
ELTw3Ztdbys,
BRRRHEOEILD 2, 7V —Ai EI=135
Nm?, 0A=0.529 kg/m O—4§i3 » (£K 680 mm O 7
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V=L ETNIEBOTWE, BFFEED E2ER, 1X
BLU2ZROMIFEHIREHEIZIZ—HT )L,
EESSORE IR L TETEDAE2EZ S, ZOL
% c=JEI[JpA=159Tm?/s T ®H 5. Vs=30m/s,
Lnp=0.75L TIEHTE R VREXRDE—NIFZTY
y TEBHBEO L & 2K, FHED L & 3RT, WHED
ETH BB RY A=4L/5 MAHBEE D vps=27c/ls=
184 m/s DEI—%HTH %, FHHE v4s 13, Bernoulli-
Euler 13D & U T, vgs=20p3s B D LD & AL E T,
V3=368m/s THD, 7V —LERITEHREMDE XM
19 mm OEAFEWHE D Timoshenko 1 0 & &% ¥ 1T
v3=363m/s TH 510, FEREFIVICBVLT, 20D
HEITEOSERTCEROKEIOREL TIIRLVELLE
tp, BEAREFRE £0=2.98 ms DENC Z OETH ME L IR
Bt vgatn=16L %, )V — ABDOFEREIZ D DLEF
FHROMicEEZ A EHB(a)D Lk b, ZDF
EMEN L E THEATWAFEO—HEICAY THETH
DER L EEEANTASZ LM (A)ICROND &
ICIFIE—HT 5, T42bb, FEREZXVETLT
7Yy FIEhiE R EE U TR ) U — AR 2
ME» e 1L.6L MBI BET S, Lizd-T, &
BEIERMNEPEEMECRE> T 3 TOHEE
2Ume=15L 12 L 3R ELLEBETH L. ZOHEN
BMETHh- TREEED I LR, FIELLEHEOLERKD
FERETHD, ZOEE» STEOBBKS TH L
A ONHEE M8 (a)Tw i, Lk DEET LI
DOTRDOEEE] <5VETORbAKEORIEIZHD
TS IFEAERBEZ RO W L 2EET D L,

_ grip
end

Vgatio

t:0=2.98ms ti0=5.95ms

(a) Ve=30m/s, limp=075L (b) Ve=10m/s, limp=0.61
B 8 7-bAEOPEER

REHED D b x5 2 5585 13H%E £ TR->
TETWRLERERTTIONS, 2R L T, Vie=
10 m/s, limp=06L CTRERTELVRERDE—F
WYy FESEHBEO L E 1R BEDE & 2 KT,
Wi OETHIZWEED L=4L/3, SIHHHEE 2 vpe=
2rcfle=111m/s DFE— R ETH %, FHEHRE v,z 13,
Bernoulli-Euler i3 b & L T vg2=222m/s TH b,
Timoshenko 1D & U T v,,=220m/s TH %, VY
— AREDFIERE T D ORI O BN HEITH OFE
BEBE vootio=194L 2EB X AL EHS8(b)D XSk
3, ZOFFENMELL FTEATHIHEO—FERIZE
BCHE L 2 LHTERBIIZIZ—T S, 207
— AT, VY - ARFICETRIIERMAE > & B
LUL 20 A, KHESERMECR>T5ET
DO 2lmp=12L £ D+ R VIR R EA, BRA
BE TR CELREERT TCCERTCEZWIRIBET
HHZEDNHE (D)L Dby 5,

3.6 BREM#OMLE TV TEHOBERSEHF
WX EH L EELNZ OGRS E & idvuntThg ey,
LietioT, 7V ZPR2FTE-LEED L O %, X
D —MBLERESET, E2 L2052 FANTBLLE
BHb, ZIT, M1 (D)OFERACRTLICTY

[ /L [ S S S L

OR T LS S S 7 T
Fou A S S A A A A4
R Iy o i e
s ST TS A
sl 7 2 T 7T T
o] AL ZZZ Z
o3l 7 7 /10_130" KrL/Eh
ol 77 7

-2 o Jo 4y T Ty 1T 1y

10° 10 10 100 100 10 10 100 10

KT LY Ely

(a) VBO:SO m/s, /imp:0.75L

COR
0.9+
0.8 S 210’
07 y 10110
0.6 7 L v 10°
O A A A A A A A

’ 10 KRL/El
0.4 1073
0.3 107*

162 160 16° 100 102 1060 10 10° 10°

KT LY Eh

(b) VBOZIO m/s, /impZO.GL

X9 7V FhHEEXZDAEEEROERER Kr &
ML RO T RER Ke DELHKFEBEI R
Fa A
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