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Performance Improvements and Limitations due to the Lightweighting of Tennis Rackets
(Verification of Rebound Characteristics and Ball Speed in Newly Designed Models
to Overcome These Limitations)
OIE JIgl zaE"
Yoshihiko KAWAZOE'!
U JIEIBFZE%  Kawazoe Laboratory

The enlargement of racket faces and the reduction in racket weight have made topspin techniques more common, drawing
increased attention to racket types and their performance. However, this trend has also revealed the limitations of further weight
reduction. To address these challenges, new rackets featuring innovative designs aimed at overcoming the constraints of
lightness were introduced to the market. While many of these rackets emphasized high performance, they have since
disappeared from shelves. This study examined racket performance by analyzing the experimentally identified physical
properties of various racket models and conducting collision simulations. The findings indicate that racket weight and weight

distribution are the most critical design factors.

Key Words : Tennis Rcket, Impact, Top spin, Racket face, Lightening of racket, Coefficient of rebound power, Ball

speed, Performance design of racket, Racket weight and weight distribution.
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Fig. 1 Applied force- deformation test ~ Fig. 2 Measured coefficient of restitution between a ball and strings vs. impact

velocity showing the effect of string tensions
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Fig. 3 Deformation, tension, restoring force during impact. Fig. 4 String tension vs ball speed measured by TRACKMAN
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Fig. 5 Non-linear Impact model Fig. 6 Player's forehand stroke swing model for the prediction of racket power

of a ball-string bed system.
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Table.1 Physical properties

Racket TsL__|EOS120A | EOS120H 0& r
Total length 710 mm | 690 mm | 685 mm
Face area 742 ¢cm2 | 760 cm?2 | 760 em®
Mass 224 g 292 g 349 g
- |{ f ity
Conter 85 gravity 379 mm | 363 mm | 323 mm o

from grip end
Moment of intertia

I e about grip
Moment of intertia

324 gm2 | 39.0 gm2 | 38.0 gm2

02 r

—&— princeTSL

;. X 2 | ——EOS120A
Iy about Y axis D Eme | D ame | 180 ¢ 0:) -—EOS120H
Moment of intertia
. 1.21 gm2 | 1.78 gm2 | 2.21 gm® ; : —f o L 1
IGx about X axis ¥ -150 -100 -50 O 50 100 150
1st frequency 200 Hz 137 Hz 142 Hz Top side Center Near side (mm)
Strings tension 55 Ib 79 1b 79 1b
Reduced mass (center) 150 g 210 g 210 g Fig. 10 Predicted rebound power coefficient.
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Fig. 11 Predicted post-impact ball velocity Fa.  Fig. 12 Predicted shock vibration magnitude at
the grip potion of a freely suspended rackets.
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(a) Racket ROLLERS 3.1
05

Table 2  Physical properties.

Racket ['V V‘(_]ONZO Rollers3.1
ibration Controll Rollers
Total length 700 mm 705 mm
Face area 755 cm? 742 em®
Mass 275g 268 g
Center of gravity
. s 360 mm 369 mm

from grip end
Moment of intertia

2 2
1 gy about Y axis 12.2 gm 13.2 gm
e e Moment of intertia 9 o
RO S e O 1 i about grip 36.3 gm 87.2gm
o 2 Moment of intertia 9,049 om® 1,013 e
- . . y m
() Clamped strings on the sides {¢) Wheels repl I ¢y about X axis gm g
1st frequency 170 Hz 205 Hz
Fig. 13 Racket with clamped strings Fig. 14 Racket with wheels on the sides. Strings tension 551b 58/53 1b
Reduced mass (center) 0.18 kg 0.17 kg

on the sides.
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Fig. 15 Reduced mass.
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Fig. 16 Pre-impact head velocity.
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Fig. 17 Rebound power coefficient e
(Ns=56.9 Nm, VB0 = 10nv/s)
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Fig. 18 Predicted post-impact ball velocity Vg
(Ns=56.9Nm, Vo = 10m/s)
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(a) Racket face stability
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Fig. 19 Racket face rotation angle during ball contact

(around the longitudinal axis)
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A—H— e hZu ik rl, "fTL—=var-arbo—. v 7 bERALTT L—2DOPiE R RE
DIHEIRZ D ENVIFER (—K) BEFRBEERGHZER L2 fEOT 7> ~, §72bH V-CON20 & V-CON
17 IZ22WTC, T4y hORT— & R rbd HEEIREN B3 2 MERE 2 SEBRAV R E 12355 < &R (12 09, 05
WX VR, WEOENEZRGEL CTATZ. 22Tk, 77 v bORFEIMREEFTEREE IC OV TR 5,

20 1%, 7% v bk V-CON 17 OFEEFTEEZ TG THD ( V-CON 20 1% 6 EHM). R 3ITWH
Fetezmd . K21 1%, 520 77 > FOFERE— MEHTIC LY [FE L7c FEREAIREE L IRET— N Th Y,
BN 7 L—Ao 28ifiF (1K), 28i7aty, 3H#F, X M) U7 2AOBERE 1 k473, 77 v b V-
CON 20 DRAMEAEEIIT 176 Hz, V-CON 17 DOZFHUT 161 Hz (272> T\ 5.

Table 3 Physical property

698 V-CON20 V-CON17

l_ﬁ-’i—‘—‘_\ Hackat Vibration Control| Vibration Control
17 2 FF Total length 700 mm 698 mm
Efr\::{ F ef of of e fF WP £ Face area 765 em> 690 em?
s T o —= i Mass 275g 300g
. : Centerui:gravity 360 mm SR i
i ~L_ | g1 from grip end
; .,;; Moment ofintertia ; 9 9
Efgq I about gravity center 12.2 gm 18.9 gm
Moment of intertia 35.3 2 36.7 2
I . about grip O b e e
Moment of intertia ; P g
1y about longitudinal 948 gm 1507 gm
1st frequency 176 Hz 161 Hz
Racket V—CONI17 with 150 Hz Strings tension 551b 551b
Fig. 20 Rackets with the design frequencies. Reduced mass (center) 0.18 kg 0.18 kg

£ i‘nx"""‘“"_

176 Hz 376 Hz 439 Hz 512 Hz
(Ist) (2nd) (3rd) (4th)
(a) V-CON20

Pt O

161 Hz 381 Hz 415 Hz 586 Hz
(1st) (2nd) (3rd) (4th)
(b) V-CON17

Fig. 21 Experimentally identified vibration modes.
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Table 4 Physical properties f g AN
Racket IS—10 | TSL | EOS120A -l ?}" 48 PANN
Total length 700 mm | 710 mm | 690 mm Py ‘ / 3
ol length n | 690 mm . ,‘ oo - ¥/ 3
Face area 740 cm 742 cm 760 cm :EM ~a - /
Mass 241 ¢ 224 g 292 s /[ / E O J m
SEnTErof ravils & R
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from grip end /5 -
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1st frequency 206 Hz | 200Hz | 137 Hz - - T pids Seoter Henrsiis ban)
Strings tension 55 b 55 Ib 79 Ib Fig. 29 Predicted Restituhon coefficient e, Fig 31 Predicted post-impact ball velocity 7',
Reduced mass (center) | 179 ¢ 152 ¢ 208 g (N5 =56.9Nm, Vpp = 10m/s) (Ns=56.9Mm, ;5= 10ms)
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