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Prediction and Estimation of Shock Vibrations of Handled Racket ITF for ITF Performance Test
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Several former top players sent a letter to the ITF (International Tennis federation) that tennis has become unbalanced and
one-dimensional, because rackets today allow players to launch the ball at previously unthinkable speeds.Modern racket
technology has developed powerful, light, wide-bodied rackets. There's even a racket with a chip built into the handle that allows
the racket to stiffen upon impact with the ball. All of this technology has led to major changes in how the game is played at the
top level. ITF seems to have started the test to examine the performance of tennis racket against the above claims. Since the sport
should be learned from the experience, it is the subjective thing. Accordingly, it is quite difficult to see how the physical property
of equipment has an effect on the performance of a player. The terms used in describing the performance of a tennis racket are
still based on the feel of an experienced tester or a player even today. This paper investigated the physical properties of the racket
that was manufactured by ITF for performance test, predicting its 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 magnitude of shock vibration at the handle and the wrist joint with
the racket ITF is remarkably small due to the stiffer handle compared to the recent representative racket. Prediction and
estimation of power will be reported in a separate paper.

Key Words: Dynamics of Machinery, Sports Engineering, Impact, Tennis Racket, Performance Test, ITF, Shock Vibrations,
Feel, Wrist Joint, Racket Handle, Performance Prediction

mb/77v4¥~ﬁkhl%7 Z3EH (ITF) (%L
T, DT =RAT 7y DF— b ~OFE)) Mz D3R
BFHERLIZEND ZEHH Y, ITFIZHBIZE OMAEH &k E
EHWCT o bR a—X, F—, a— g EOMEREH]
EEREFENIICED TS, T4 v MoV T, AT —
WEEBZANT, ErbBELTELER—LE~ T — TR
DT T 7y P CITRUCITEREEZ T L, FEA—D
=Dy heNT—EIZAT 5T —F_N—ARER I T
VA0, BIROTE, MHEERBRT OERE L L CREES N T
47> MTF (27in : 680mm, 351g) DR —/LOFRON BHE T
MR TH] - FHIA ATV, FaL OEERN R THIRT 77> FV-
CON17 (27.5in: 698.5mm, 300g) & Lb#gL, /XU —|ZpgH
T HVEREDE D A 1 = KX L EEEMRITIZE SV CTERR L
7-.

ARFSCTUE, EEET =A@ - PERERBR A ofEHE L Uil
YE&N7=F %4~ FITF (27in : 680mm, 351g) DFTERIFEIZRY
WA S MRE T - S 24T O . ERANCEELEZT v b -
iR & AN — L DREIC IS S EEERITIC L 0 AR — L2 T8
LIz &DT 7y by FvE FEOFREENEZ T
LoD, SR oK Z &7~ FV-CON17(27.5 in, 699

mm, 300g) & IbERL, FHERIEEOENDA D= X LERL
MNTT 5.
2. 421 MIBITE5 7y FEFHEAFTOFRRBOT

3 @-014)

il Z7 VA YRR T8 LRI T Eb 5
EE ) 2RO D72 DDFT VA RT. K2 1T FE R 0 MnE
V%@u%%ﬁﬁ‘77/%&?5%@0@%%@&%%W
RIEB RS & IRE RS & DA RIC g o D B R
%i%/ﬂ7%®mﬁ_iiﬁ%%ﬁi@ﬁﬁ < BT
INENE L, BEBIEIZ Y RS L LT, AN LD
DALE &$§%€®u%@ﬁ%%ﬁﬁbF%m WZEHT 2
71 SIFEBEHiOMEIITHE LN EREL, A—L &R
hU T RHERT BN % So , LA Y — DT E
P, BEE Po, JEEEEN PIZER T hEZNENS,, Sz,
Ss &2, FEME, N, FEREESOER) MRS
OB EE Rl oy & 2R 5 2 &#T%6A¥Tiﬁbt77
v R OFERRET— BT OV FT S5 0 Insd S A
ODEEZFETAZEIZEY, 77y Nl EOLEOFH KT
A=V EMELIZEZDOT 7y O’ OFLEOIREINE
ERSERODZENTED.

Fig.1 Model for the prediction of the shock force transmitted to the arm joint from a racket.
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Fig.2 Location of wrist joint
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Fig.3 Predicted shock vibrations of a wrist joint compared with the
experimental.
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Fig.4 Geometry of Racket V-CON17
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Table 1 Physical property of tennis rackets

Racket ITF V-CON17
Total length 680mm 699mm
Face area 633 cm’ 690 cm’
Mass 351g 300g
Center of gravity from grip end 324mm 345mm
Moment of inertial / ;, about ¥ axis 17.69gm’ 13.73gm’
Moment of inertial / e bout grip 40.33gm’ 36.42gm’
Moment of inertial / ;x about X axis 1.57gm’ 1.383gm’
1st frequency ] 141Hz 161Hz
Strings tension ¥56Ih 55Ib
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Fig.5 Geometry of Racket ITF
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Fig.6 Experimentally identified vibration modes.
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Fig.7 Computer aided prediction and estimation system for racket performance in tennis (Shock and vibrations at the wrist joint)
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Fig.8 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, V'ggp = 10m/s).
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Fig.9 Predicted shock vibrations maximum peak-peak values at the wrist joint vs. representative impact locations of string bed (impact:
Ns=56.9 Nm, Vpp= 10m/s).
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Fig.10 Predicted shock vibrations maximum peak-peak values at
the wrist joint vs. representative impact locations of string
bed (impact: Ns= 56.9 Nm, Vg = 10m/s).
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Fig.11 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, Vgp = 10m/s).
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Fig.12 Predicted vibrations components at the wrist joint (impact:
Ns=56.9 Nm, Vg =10m/s). 1st mode vibration component,
2nd, 3rd and 4th from upside.
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Fig.13 Predicted vibrations components at the wrist joint (impact:
Ns=56.9 Nm, Vgp =10m/s). 1st mode vibration component, 2nd,
3rd and 4th from upside.
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Fig.14 Predicted vibrations components at the wrist joint (impact:
Ns=56.9 Nm, Vg9 =10m/s). 1st mode vibration component,
2nd, 3rd and 4th from upside.
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56.9 Nm, ¥y = 10m/s).
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Fig.16 Racket frame model with two beams.

Fig.17 Comparison between measured and predicted weights
of racket handle.
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