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Prediction and Estimation of Shock Vibrations of Handled Tennis Rackets
with Clamped Strings Compared to those with Wheels on the Sides
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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 new type
of rackets appeared in the market with wheels or with clamped strings by contraries replacing conventional grommets on the
sides, predicting racket performance in terms of the 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 shock vibrations at the handle and the wrist joint using the racket with clamped strings are larger than those
using the racket with wheels, though the racket with clamped strings provides higher coefficient of restitution around the center

of strings face than the racket with wheels on the sides.

Key Words: Dynamics of Machinery, Sports Engineering, Impact, Tennis, Racket with Wheels on the Sides, Racket with
Clamped Strings, Shock Vibration, Feel, Wrist Joint, Racket Handle, Performance Prediction
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Fig.1 Model for the prediction of the shock force transmitted to the arm joint from a racket. and location of wrist joint.
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Fig.2 Computer aided prediction and estimation system for tennis racket performance in terms of shock vibrations.
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Table 1 Physical property
V-CON20 Rollers3.1
Racket Vibration Controll Rollers
Total length 700 mm 705 mm
Face area 755 cm” 742 cm®
Mass 275¢g 268 g

Center of gravity

. 360 mm 369 mm
from grip end
Moment of intertia 2 2
Iy about Y axis 12.2 gm 13.2 gm
Moment of intertia 2 2
35.3 gm 37.2 gm

I, about grip
Moment of intertia 2

2
1 5y about X axis 2.049 gm 1.913 gm
1st frequency 170 Hz 205 Hz
Strings tension 551b 58/53 1b
Reduced mass (center) 0.18 kg 0.17 kg
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1st damping ratio 0.015 0.009
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damping ratio 0.015

I %= ll-‘-i.'t;.:f_:l_

(a) V-CON20 (b) ROLLERS 3.1
Fig.4 Damping ratios of freely suspended racket.
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Fig.7 Predicted shock vibrations peak values at the
handle of freely suspended rackets vs. impact locations
of string face (impact velocity: 30 m/s).
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Fig.9 Predicted shock vibrations at the grip 70 mm from the grip
end when hitting a ball with flat forehand drive (impact velocity:
30 my/s).
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(b) Racket ROLLERS 3.1

Fig.5 Predicted shock vibrations at the grip 70 mm from the grip end when a ball strikes the freely suspended racket

(impact velocity: 30 m/s).
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Fig.8 Predicted shock vibrations components at the handle of freely suspended rackets vs. impact locations.
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Fig.10 Predicted shock vibrations at the wrist joint when hitting a ball with flat forehand drive at the various impact
locations of racket face (impact velocity: 30 ms™).
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Fig.11 Predicted shock vibrations at the wrist joint when
hitting a ball with flat forehand drive at the various
impact locations of racket face (impact: 30 ms™)
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Fig.12 Predicted shock vibrations components at the wrist
joint vs. representative impact locations of string face
(impact velocity: 30 m/s).

-77-

O—S5—(GBE) 54 v MIERT, REGHITEROME
TPPEL, TEREEDLEROHETIEPOREND, Simfl
TIEPPEMNST-.

R—=ILEDERHDWNEIR—IILEITELIEETD/NVF
LBLUFEEHOESERSICEALTIEZ XA MY VFTRXEE
FIZCC GBYIZKK) LEETZL—AL-R MYV - —{&KiE
BESy ME, O—5—CGBE)S Sy MZHRT, X+
DO EERTOPRE L FITEHBTOIEIZEWLNTE
Whh 3.

BhYIz, RRERIZSHAVEEFWV=HBEIX - F/13
EEAEE - IRBERBEIVUERISEE - HREHOWMEIZ
BT 5. 0B EAHEO—EITERM13, 14,15 FEEREHERE
HEBHEB), RIS 16FEERERREERMTO)H LU
EIERFNATOVS—FEUE—DEBIZE>TITH
hi=Z&#MiEd 5.

XEk

(1) Y. Kawazoe, Impact Phenomena between Racket and Ball
during Tennis Stroke, Theoretical and Applied Mechanics,
41, pp.3-13. (1992).

(2) Y. Kawazoe, Coefficient of Restitution between a Ball and
a Tennis Racket, Theoretical and Applied Mechanics, 42,
pp.197-208. (1993).

(3) Y. Kawazoe, Effects of String Pre-tension on Impact
between Ball and Racket in Tennis. Theoretical and
Applied Mechanics, 43, pp.223-232. (1994).

(4) Y. Kawazoe, Experimental Identification of Hand-held

Tennis Racket Characteristics and Prediction of Rebound
Ball Velocity at Impact, Theoretical and Applied
Mechanics, 46, 165-176. (1997).

(5) Kawazoe Y. (2000). Mechanism of Tennis Racket
Performance in terms of Feel. Theoretical and Applied
Mechanics, Vol.49, pp.11-19.

(6) KAWAZOE, Y., Mechanism of High-Tech Tennis Rackets

Performance, Theoretical and Applied Mechanics Japan,
Vol.51, (2002), pp.177-187.

(M) NBIEE, T=ZA37 Y FOFRM - BELHRE /N1
TAHZY AHR (FE) FMERKR—Y,7-2, (2003),
pp. 136-151.

®) NBIRE, BRFEED a4V b URIILERE,

No.04-, (2004), IBEHFE

(9) Kawazoe, Y., Tomosue, R., Yoshinari, K. and Casolo, F.
(2003). Prediction of the shock vibrations at the wrist
joint with the new large ball compared to the
conventional ball impacted to the tennis racket during
forehand Stroke. In Tennis Science & Technology
(Edited by S.Miller), pp.105-112. International Tennis
Federation.

(10) Y. Kawazoe, R. Tanahashi and F. Casolo,

Experimental and theoretical criticism of the
effectiveness of looser strings for the reduction of
tennis elbow, In Tennis Science & Technology, (Edited
by S.Miller), pp.61-69. International Tennis Federation.



	72
	73
	74-

