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Prediction and Estimation of Shock Vibrations of
Handled Tennis Racket with Biggest Sizes
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The lightweight 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. However, the predicted results
showed that the lightest racket at present in the market 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. This means a limit to the weight lightening of tennis racket
from the viewpoint of performance. The engineers and racket designers at the racket companies seem to be under intense
pressure to keep pumping out new and better technologies every year. This paper investigated the physical properties of the
biggest racket appeared in the market that was banned by ITF rules several years ago, predicting racket performance in terms of
impact shock vibrations of player's wrist joint, which might be related to the feel. It is based on the experimental identification of
the racket-arm dynamics and the simple nonlinear impact analysis. The result showed that the magnitude of shock vibration at the
handle and the wrist joint with the biggest racket is rather small compared to the recent representative racket. Prediction and

estimation of power will be reported in a separate paper.
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Fig.2 Model for the prediction of the shock force transmitted to the arm joint from a racket.
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Fig.4 Predicted shock vibrations of a wrist joint compared
with the experimental.
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(a) Racket V-CON17

Fig.5 Geometry of rackets

(b) Racket BIG-BUBBA
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Table 1 Physical property of tennis rackets

Racket V-CON17 BIG-BUBBA
Total length 699 mm 806 mm
Face area 690.3 cm’ 884.8 cm’
Mass 300 g 287 g
Center oi:grav1ty 345 mm 440 mm
from grip end
Moment of intertia 2 2
Iy about Y axis 13.73 gm 17.95 gm
Moment of intertia 2 2
1 ¢z about grip 36.42 gm 57.25 gm’
Moment of intertia 2 2
14 about X axis 1.383 gm 2.118 gm
1st frequency 161 Hz 122 Hz
Strings tension 55 Ib 58 1b
Reduced mass (center) 190 g 160 g
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Fig.6 Experimentally identified vibration modes
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Fig.7 Player’s forehand stroke swing model.
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Fig.8 Peak-peak value (a) V-CON17 (b) BIG-BUBBA

Impact Velocity : 35.5m/s
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(Impact location: Top side B)
Fig.10 Predicted shock vibrations components and its
summation at the wrist joint (impact: Ns=56.9 Nm, Vpg =

]> 10m/s).
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Fig.9 Predicted shock vibrations components and its
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Impact Velocity : 34.6m/s

Impact Velocity : 35.4m/s
(Impact location: Top side C)

Fig.11 Predicted shock vibrations components and its
summation at the wrist joint (impact: Ns=56.9 Nm, Vpg =
10m/s)



250 1st 250 1st 250 st 250 Ast
Wi gagis] e Ec] weox g re] P
[G] 0 [c1 0 (6] o it [c] 0
VIV [EZElc] VI (e MIN 7S] N R 5]
-250 = -250 -250
L Wibration 0.1[s] 230 7y Vibration 0.1[s] 0 Vibration 0.1[s] 0 ibration 0.1[s]
250 2nd 250 2nd 250 2nd 250 2nd
M gEIa] W R WX e Mo R
[G] 0 [G] 0 [G] 0 [G] 0
N T v ] WIN RG] WIN ]
£ -250 -250
250 9 Vibration 0.1[s] 250 ¢ G 0.1[s] 0 Viration 0':[:] 0 Viration 0.1[s]
ard 3rd 250 T 0 3rd
250 WaxX ] 2=l MR EEILS) w23 W - O
[G] 0 [G] 0 [G] 0 [G] 0
g NN N S 250 L :[G] 250 i !
0 Vibration 0.1[s] 0 - 0.1[s] 0 Vibration -1[s] 0 S 0.1[s]
4th 4ih 250 4th 52 4th
250 W) 250 PrS— WA IS Wi gEaIe)
G] 0 G] O
[G] [G] 0 [ [G] 1G]
I 5] MIN [G]
MIN B el VIN By ic] 250 E -250 .
2309 0.1[5] 250 vooten O-118] 0 o O[]
Vibration -1[s] 0 Vibration 0.1[s] 350 shock shock
shock shoek MAX_[G] 250 MAR] G
230 waqEge) 250 e IS —
[G] ¢ [G] 0
[G] 0 [G] 0 N ]
MIN-[G]
MIN 1] -250 250
250 o 230 o O ok scoann 01081 0 shook sccsleration  P+1I8]
0 chock sccelration 0-1151] 0 ok ascoleratin O-1I8] shock vibration shock vibration
shock vibration ; 250 250
250 hock vibratio 250 shock vibration MRX_[G] MRX_[G]
WX EIc] MAXEEIe) A
. [G] 0 e [G] o,
[G] O i [G] O Hf
MIN -[G] MIN -[G]
MIN [EEgIC] I ]G] -250 250
20 RTE 0.1s] moaary G0 iy O
Shock Wib p-p A Shock Vib p-p Al
a) V-CON17 b) BIG-BUBBA
(a) V-CON17 (b) BIG-BUBBA @) (b)

Impact Velocity: 33.5m/s

10m/s)
250 1st 250 1st
MAX-[G] MAX_[G]
n '\
[G] oY [G] 0
MIN -[G] MIN -[G] N
-250 -250
O e 0l P00 0 2
250 2nd 250 2nd —
MAK-[G] MAX_[G] m
[G] O [G] 0 3
MIN -[G] MIN -[G]
250 E:
0 oo O1[s] 2500 i D-1I8]
3rd 3rd
250 MAX_[G] 250 MAX_[G]
[G] 0 [G] 0 e
WIN JETEgc) e 45 B V-CON17
MIM e]
-250 -250 O BIGBUBBA
0 Viraton 0.11s] 0 trati 0.1[s] 40
dth 4th
250 MAK-[G] 250 MP\X-[G] 35 | e B
[G] O [G] 0% _
MIN -[G] MIN-[G] % 30 |
250 , g
L I TR 10 L i
250 e e E
M ST 250 Wi EEIE] A
= 20 ||
[G] 0 Gl 0 1
1<
toicy MIN e 5Eg MIN JEg(=] S 15 I
L L ¢ shock accelaton U+118] »
shock vibration shock vibration N
250 MA)(-[G] 250 MAX_[G]
5 ||
[G] 0 B [G] 0y
7250 MIN -[G] 7250 MIM -[G] 0 L L 4 —
Shock Vib p-p 0.1]s] 0 Shock Vb p-p 0.1]s] A B c D E F H
(a) V-CON17 (b) BIG-BUBBA

(Impact location: center D)
Fig.12 Predicted shock vibrations components and its
summation at the wrist joint (impact: Ns=56.9 Nm, Vpg =
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(Impact location: Near side F)
Fig.14 Predicted shock vibrations components and its
summation at the wrist joint (impact: Ns=56.9 Nm, Vpg =
10m/s)

Fig.16 Predicted maximum shock acceleration at the wrist joint
when hitting a ball with flat forehand drive at the various
impact locations of string bed (impact: Ns= 56.9 Nm, Vpy =
10m/s).

Impact Velocity : 32.4m/s Impact Velocity : 33.4m/s
(Impact location: Near side E)
Fig.13 Predicted shock vibrations components and its
summation at the wrist joint (impact: Ns=56.9 Nm, Vpg =
10m/s)
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(b) Racket BIG-BUBBA

Fig.15 Predicted shock vibrations at the wrist joint when hitting a ball with flat forehand drive at the various impact
locations of racket face (impact: Ns= 56.9 Nm, Vg9 = 10m/s).

Fig.16l%, FEH OERIEEL /I OHTH Y, Fig 1 TOERIRE
BOKRE SITHAD L, MROEESMOEEIZ LY, Eig
BTN ENWZ L ARLTWD., ROBEISIA 37 ME
HOIRBHRIRE E— 7 213 d £ 0 EDRN 2.

Fig.171%, Fig9~Figld TR 7= X 512, 727 v |
BIG-BUBBA X, 7% v FV-CONITIZHERT, R - #(HEK
B A Kb 0300 6T, FEIRD HEE - RE/NS <,
FERIREOME HRE V. FHOMBRENL, FlA MY v
J SR AT TH B Lz & 2 I NEVWORANYD, A b
Vo 7AiM T TR R E V.

4. % W

E2EBIO 7 —RAEHEAZKOTRZ 7 v b
BIG-BUBBA 1%, 7% v FV-CONITIZHART, ER - BER
YA 2B 00b 5T, FHIC D A E5 RN/ & <,

- 116 -

ERIREOWE b K& olo. FHZA MY o VHE e Tl
MTHE LTz & & OFEOERIRE S/ NS WOR AL, -
ZL, AL — ARy FEEbNDA MY o 7P
BT, 3 RO3FHTREELD DR E WD, FEOME
BIRE)IRXORORE N &V D BBREWFE RIS o 72,

SCHR

D) JNEIEE - @RS - K=, R ROT7T=25 )
> FBIG-BUBBA®D R — /L DO BH# 3 2 PEAE Tl & FFAM,
HAM RS Y a A4 v by VR Y U A, No.07-, (2007),
o# T e

Q) NEIFE, 7=A27 7y hOBEIFLa L Ea—FEM

A (B— FEMEICR XIE TR -0 L35~

B , HEEE, C,56-526(1990), 1511-1517.

Q) NBIFE « RRFZE=, T=ADA N7 MIBITAHT /7



Shock vibration peak value
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Fig.17 Predicted shock vibrations components at the
wrist joint vs. representative impact locations of string

bed (impact: Ns=56.9 Nm, Vg = 10m/s).
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Fig.18 Predicted sweet areas in terms of shock vibrations at
the wrist joint (impact: Ns= 56.9 Nm, Vgo = 10m/s).
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