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ABSTRACT

A3  ●  OtOp  toward  the  go● ■,  1。 o。 ,  tho
e●tab■■8hコOnt of rackot aynanic8 and tho propo3● ■

oF  an  inproved  eva■ uation  gy●ten  for  optinun
dO●lgn, tho oFfect● of tho 8uppOrt conditio■ 8 0F
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racket● aro invo3tigated u●■ng oxperinenta■  ●●d3■
ana■ y8■ 8.  The regu■t8 8hOW that the damping ratio
and the docay rato of each 口oこe aro EuCh groator
and tho danping of each 口odo 8Catter● 3 Wlder under
the  griP  congtra■nt  condition  than  tho●●  oF
fr00‐8upport, and a■oo 3hOW that the gut string8
contribute very littlo to the 口odal paraneter8
w■thin the Froquoncy rangoo o■  6oo Hz, in ■hich no
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magnltudo oF acc● ■oration are re● pon31b■O For the
stab■ ■lty oF hitting 3urFace.

INTRODuCT10■

There  are  a nu口ber oF unclariflod point3

i締暮塾締鷺鐵盛i
reportodo   The prooont ●tudy al● 3 at the ■ore
rea■18tiC tynant●  ■dentification or the racket on
the ba818 0f th0 1doa that the tynanl● 3 0f raCket
18 COn3■ 8ted OF tho Qynanic8 0F atructure w■ th
Frane and gut ●trin38, the k■ netic8 0F rigid body
by an ar■  o■ing glven at a grip ag a boundary
condition, and an L■ ■/racLet inpact a3 an input
Forco.  In '■ 18 repOrt, tho ofFect8 oF tho 8uppOrt
conditio■ 8 0F grip and the gut gtring8 0n the
dyna■ lc   r.、・ 'acter18tiC8   0f  the   racket  are
inV08tigated,  and  ayna・ lc  behavior oF the  two
differont  typo  oF racket8 WhiCh have appeared
Lately in tho ― Lot, ■3 ●0コparod wlth each other
u8ing eXperi■ onta■ 口oこa■ ana■y818, 38 a Fir8t 8tOp
totrd the goこ■, 1.o。 , tho ootab■ ■3h■Ont of racket
dynanic8  and  tho  
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op。●●■  OF  an  ■mproved
eva■uation gy8tO●  For optiコ un do8ign。

EXPERttAL MODAL ANttISIS SIST24

Figur●  1  8hOW3 8 BChe● atio diagran of the

■oasuring  and  analy8ing   8y8tOn,   Where   the
tran3■■ttOd trangFer Function data From a per80"● 1
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trano■ ltted to tho por80■ ●1 00mputor again for the

evaluation of racket olln,acter■ 8tiC8 .

SPESIF10AT10NS OF TENNIS RACXETS AND DYNAMICS AS A
R101D BODY
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Fra■o thicknoo3 1.5 tinoo that oF the atandard
(RACKET A ) in the hitting diroction, wh■ ch is
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Fig。 l Schenatic a■agran oF the ■o●3uring and
analy● ing 8y8te口  u80d in the study.
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callod a thick racket.  Both rackets are of 680 mm
in tota■  longth and 626 c■ 2 in head 8120 and 246

N(55 1b) in string3 tengion.  The Figure in the
n■d8t ShO■ s the location oF the center of ma88 and
the  ■038ured  dyna■ lc  characteristic8  0F  each
racket  as  a  rigid  body,  1.● .,  the  center  of
purCu8810n Of the body for a Fixod point on the
griP , for which there wi■ l be no reaction at the
fixed point in the direction of impact Force.
Th■ 8 pr08entS a re■ ationghip betwoon the support
p03itiOn on the grip and the center of purcu88■ On
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de口onstratos the gut Face of RACKET B aFtor a
p■ay, which wa8 Painted With ink previou8■ y tO
observe the p■ ayeri8 hitting area in practice.  It
i8 80en that th■ s hitting area coincido3 W■th the
above opti口 un inpact area ●hich 18 81lght■ y dom
from the geometr■ ca■  center of the gut Face.

":XPERIMENTAL MODAL ANALYSIS OF TENNIS RACKET

on is achieved by supporting
the racket on soFt sponges, whi■ e a constraint
condition 18 aChieved by fixing a grip wrapped
with a goFt sponge around at a po8itiOn(う 6 - 84 ■■

Fron the grip end)with a vlooo  An acce■ oro■oter
18 ■OCated at one oF the divido8 0f raCket throat.
The frequency re80■ ution of the analys■ 8 18 4・ 8

Hz.

natura■  frequency and it●
8■口p■ified 口ode ghape, the average damping ratio
of each mode and its aecay rate when the gut
string8 haVe been hitted under the variou8 teSt
condition3.   The  detal■ od  口ode  shape  and  the
amount oF scatter oF danping ratio are ■■lu8trated
in Fig。 4 and Fig.5, r08PCCtiVO■ y.  In Fig8。 6 are
shown the co口 pari30n Of magnitude oF each 口ode
with  respect  to  the  di3p■ aCe■ont(a) and  the
acceleration(b).  The node ■ine and the magnltude
oF each 口ode cou■d be invo3tigated fro口  Fig。 4 and
Fig。 6, and the da口 ping characterigtic8 frO■  Fig。 9
and Fig。 う。

The rfect8 0F Grip Support COndition on Moda■
Paraneter8
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mm, L=680 mm) froコ tho grip end and the other on
the head Face, re30mb■ ing to tho ,rd 口Od。  122 Hz
oF  grip  constraint.   The damping ratlo  O.007,
however,■ 8 under 30 X oF grip congtraint.  The 2nd
frequency 3,7 Hz 18 the 2nd bending nodo w■ th
throo nodo8, One at O。 1,L(88 ●■)and the other two
on the head race, regemb■ ing to the 4th 口。do 347
Hz of grip con3traint.  The damping ratio O。 006 1s
about ,0 ス oF grip constraint.  The 3rd frequency
,66 Hz  18  the  tortional 口ode with two nodes,
rese■b■ing  to  the  5th  modo  396  Hz  of  grip
constraint.  The damping ratio O.009 1s abOut 3o
ス・  Th0 4th frequency 576 Hz ls the lst nembrane
■ode.  The 5th mode is a bending with 4 nodes, and
the 6th modo is a co口 bination of tortiona■  and
bending.

The node on the grip of the lst re30nanCe 215
Hz of free■y-8uppOrted RACKET B 18 ■OCated at
O。 30L( 204 mm)fro■  grip end, and the di3plaCement
of the grip end i8 ■arge.  Tho damping ratio O.002
18  abOut  10  π  oF  grip  constraint.   The  2nd
frequency 508 Hz 18 a tOrtional ●ode wlth two
nOde8.  The danping ratio O。 006 18 50 ス of grip
constraint.  Tho 3rd frequency 562 Hz ls the 2nd
bending 口ode with , node8, One at O.19L( 129 mm)
on the gTip and the other two on the head Face。
The  damping  ratio  O。 002  18  10  ス  Of  grip
constraint.  The damping ratio of the 4th mode 635
Hz(■ombrane mode  )13 a■ 80 0。 002,  ■hich 18 Very
sma■1.

Figure 5 shOwS that the da口 ping ratio of each
コodo under the grip congtraint varioo ■ore wldely
than that of free_8uppOrt,  and the scatter of
tortiona■  口odes i8 ■arger than that of bending。

r8

口oda■
parameter8 0f a racket Frane wlthout gtringe to

(b)Gut Face shOWing a hitting area
aFter a p■ ay.

(a)

Fig。 2 Racket8 uged in the study.

(a)Specificatio■ o and dynamic
characteristic8 a3 a rigid body.
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Fig.3 Sinp■ lFlod 口oこo 8hape Corre8POnding to each
natural froquency, the average damping
ratio, and tho ●verago decay rato of each
口odo '・ ‐■or tho varlouB to8t OOnditions.
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口ode wlthout strings ls al口 ost the sa■o as that
With 8tring8, and each frequency ●ithout gtring8
18 0■■8htly higher than that with string8。   Fig3.
5(d) and 5(0) ●how that when the Fra●o 13 hitted,
the gut etringe hag a ml_o「  lnf■uOnCe on the
damping ratio of oach 口odo .

18 800n fro■  the co口par180n that each 口ode
8hap0 0F RACEET B 18 ●lmOgt the 3ane ag that oF
RACKET  A,  but  the  Frequency  oF  oach 口ode  18
1・ 4(tortional ●odo) to l.8 ti■ o8 (bending コodo)
that of RACK「  A.  A■though the d■ op■ace● ent of
RACKET B 18 81n● 1lor, the acc● ■oration lo l・,ger
than that oF RACKET A (Flg.6).  Further, RACК ET B
and RACm  A  are  revor80d  in  Order of 口odeB
concernlng the 2nd ana the ,rd.

According to the manuFactureri3 Cata■oguo, it
BeO■8  that  the  thick  racLet(  RACm  B) ha8
inCrea80d it3 frequency and decay rato up to about
doublo tho80 0F 8tand● ,d racket with roopect to

the 3rd 口。dO oF grip con3tr■ lnt in order to nake
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Fig。 3, the damping ratio of each 口ode oF RACKET B
compared to RACKET A lo O。 002 to O.007 w■ th 18t
口odo, 0.006 w■ th 2nd(tortion3■  ■Od3, th0 8aコ 0),
and O.002 to O。 009, indiCating that the danping of
RACKET B ■8  Far ■o38 than that of RACEET A.
lnter03ting■ y onough, ho● over, the docay rato3 0F
the 8aコ e nOde oF the two qu■ te difforont type of
rackets are tho o● ■o.  The decay rates of tho 18t
through  3rd  口。de  are  5,  10,  and  20  1/8,
roopective■ y, wh■ ch are ▼ory 8■●■■ re■ative to the
contact tine during the Ll1/racket inpact (about
O・ 004 8 Vlth a high 3peed Vidoo).  Accordingly, it
口ay b0 88fely a88uned that even the higher ■ode●
do not d■ o doun during inPact.

Fig● .7 are the prediction of exoitod 口odoo of
RACXET A and RACEET B when a p■ ayer hit, the ba■ ■,

on the ■oft being the d18P■ aCe■ont 口oこo ・・ ■ on the
right  the  acco■oration 口odo.   Fig.7(a) lo the
8unmation of a● pl■ tude oF tho ●odoo ●bich have no
noda■  ■1口o3 arOund the center oF the gut Face.
Th■3 WOu■d re3unab■ y tndlcate the 口odo when the
・` 1l hit● ■oar■y the conter of the Face, oo to
8peak tho oxperlonced p■ ayer'3 口Ode, wh1lo F■ g。 7
(b) 18 the Sunnation oF a口 plitude oF the 口ode8
vh■ ch have noda■ ■ino3 nOar the conter, FoouEab■ y
tndicating the  node when the ba■ ■ ■1800●   the
cento「  of the Face, 9o to 8peak the beg4● |■Ori3
■ode.

A● lo oo■■on■y be■■o▼ed, lF the deFinition of
8W00t  area  "ou■ d  be  the  area  where  the
d■ 8p■aCO■ont i3 Very 8コ ●1■ , RACXET B 3urO■ y givo8
a quito wlder area.  Howover, RACm B glv。 3 a
l・

'80r acco■●ration.  In addition to th■ 8, frOロ
the  author:8  Feoling,  lt vou■ d 300■  that the
acce■oration 口ode3 are a■80 r●8POngib■e for the
stab■o httting 3urfaCe area or ●●●et area。

菫 鯉 Optinln Dool鳳 延 Tenn18 Racket
ln addition to the aynanic b・1・ nce a●  ●

rigid body,  1。 o。 ,  the relation3hip betwoon the
support position and the center oF purcu88■ On Of
tho  body,  the  nagn■ tude8  0F  a■ 8P■aCe●ent  and
acc■oration and the decay rate rolative to the
tl●e during the iE「 Ct utth a Frooly_8uppOrted
racket shou■d bo ova■uated.  It i8 hOped that the
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Acceloration modoD18p■aCement mode

(a)whon the Lll hitg near■y the center oF the gut Faco

(b)whon thO bal■  ●18●●8 the Centor or the  gut Face

rig。7 PredictiOn o■  oxcited EOd00 Whon a p■ ayor hit●  a be■ 1.

Racket A
Crip free

Racket B
crip rr00

Racket A
Crip free

Racket B
crip froe


