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ABSTRACT

In the today of which the harmony between amenity and environment is taken
serioudly, it is necessary to consider the physical and psychological effect of vibration
and noise in which industrial product such as automobile and electric appliances arise
on the human body.

Many products are designed by experience and intuition of the engineer at present, and
they are developed by repeating trial manufacture and experiment.

In this study, it has be made that clarifies and improves the vibration characteristic in

order to do the countermeasure of the vibration problem by predicting in the design
development and to shorten the devel opment time, to be a purpose.
The effect of vibration characteristic on the human was studied using the tennis racket
used this time familiarly. To begin with, the experimental modal analysis was applied to
2 kinds of tennis racket, and natural frequency, natural mode and modal damping ratio
were obtained. Then, the examination that it shows that the nodal position of natural
mode is an important factor and that the nodal position moves is carried out. The
anti-resonance point theory is used using the ssmple board of the aluminum as a model
tennis racket, and the anti-resonance point is calculated in the general-purpose finite
element program.

By the experiment, the vibration characteristic of tennis racket was proven, and it was
proven that the vibration of the first mode affected the human most.

Then, it was possible to carry out the structural optimization of making the first mode
to be a node for one excitation response point for mass of the aluminum plate
circumference and the plate thickness, when the structural optimization was carried out
at the first mode. However, the structural optimization was not possible for two
excitation response point.

In the future, the structural optimization is carried out for two excitation response point,
and it wants to carry out the structural optimization for the model of tennis racket.
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Fig.2.1 Classification of the modal property
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Z OIREFERI TR T — NEHTIC WTW%E%@%\szé RS
X, EBRET— FETEZRDSE 5720120, ELWEEESEBEEZRET 5
ZENFE KN THD. %~k%ﬁﬂm@ﬁ& ITNANASH DD, A
ZDOLIRVEWEBEEINEREE AN T2 L LTEZ I AT, ok
ZRAWTH RRIZRBWRERZGD. BHS, ANT—2 B RERBELZHE
FEPEICZ L &1L, CARBHETERZRREFIEEZHNTS, BOKERITRA
HALZRVN.

2.2.2 RBMDOXFFHE
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EAE A, 25 cE A~ aiTa 2 [A] L &L, 2o RS [AE TEs %2 s
BT, K 2RKDBIERIC/2 5 L5 12E~5.

AI
[M=P] Mi} *ITEH IR ERT. (3. 10)
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r=1 ayr

n (TR GRJEEBEPA N OB A £ — R E KT, 0G,/dy,, 0G, /oy, DOXEf
AR T. ChbooRXEREBLO) LY, we gz ohnhid
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FEERAE & IR BUS BB OB R AL /NI T HE— REEZ H L 0 5.
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FRF [ ZEF 57D T, E#H%E i =1~N, ETE i =N+H1I~2NIZHHSE ' 5.
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B D FRF % RIS 572012, 2 bDOT —X 2 EINIE~E, &7
— X EIE 2Nm L 72 5.

X(3.25), K(3.26)F 7-1%X(3.37), K(3,39)TH SN2 FHWEBILEREEOTICE
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" iﬁf[(zﬁ) exp{_%}
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EERTIX, BOBOBBREEZZ D2 EIZTERVOT, ZZTIHEEORDY
2, EBRTHEOLND Y ONEEU OELMEE LTHEMRT 5. XE@BR)ICBIT 5L
FE R KRICRDT-0OIZIE, IROBEADXFKRFAE 2 |- SHAH/MI72iui L.

1 2Nm

ZW( f, ) (3. 44)

ZZThzleplEkke LT

W =— (3. 45)

W %, NEBM)DE/N _RIEOEMEEE s nnD. (345) LV, E— Fir

P WZERT D EAMREE LTI oicbpl+ 28228 AT 5 &,
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9SS g (j=1~1) (3. 46)

RQAG)DHRANLT DM/ NG {F} =2 — b oili(=2— by T 7Y LR THRET

5. Pl={l+ by} e B, BROBTESRS b {APN30S/0y, D Ay IC B

A A L TIRATRO L Z LN TE S,

L 5°S oS .
287 o k——a (j =1~0) (3. 47)
K(2.47)DUEDENT TR Z £ & TREIE
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AfAy §=——— (3.48)
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10280y, 0y, E WY £ T HITHIT, ~vT UATHIEER TN S.

—z<[Ali
£(3.44) kv
2Nm
oS v —W(y - f) (3. 49)
67/J i=1 871
[FRRIC A~ T ATHN DA Ay 1
(3. 50)

2 2Nm 2
S 3 Ayt Ty

ay,-ayk‘; oy, . Oy,
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RS 57T % g L C(BA8) IR ANT D &, NBA8)ITH TR« =2 — b UiEETR
TR X D/ —3RiE LT A kA E —ET 5.
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[B] : éf joy, & i j TR LT 5175

W] : W &5t Ry & 3 % /471751

XAy R THRIREOB AT, RE5)T O 2 WMSHIIRLE 72D, SHIT,
EROUIMEEZZ~7 bricT s e, f({y}={0)={0} chbrit, XEB5)I

ROBIEIR/N "R D.
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ZOEHIT, BRI R, SIBEEIC & BB/ CRIEOF F AL T
THIRERT 5 =2 — h  EOR(BA DRI RHE L LTS 5 = LA TX
5.

3.4.1.2 ¥/ D ERAL

FERMG I N —RIEDOFR TH 2R (2-48)ICRE > T, =a— b EDBEZIHT DD
ET22WMBEE AT 2 2 LI X0, LD X S I8 o e b a17 5.
P, Ry} e e} Gittu) HERIE{B) GEBv)IZT 5.
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e LT, RESYBHTT B A RS 5. B E A b LT, &
(3.54) 1%
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[ — (3. 57)
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22T, 1iI[F] o stT tFl o BRI
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* dada,

(3. 58)
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(A} =—[F]* -2 3. 59

ola}

labiztppER 0T, {af = {a}+{Aa} 2k 51212, KEB5YIH VT {a)={0} &
L, 20K f =02 R AT g ZHEERD b s.

KB5S O4E L[ BloBkE 25, @)% B THAELT, &
(3.56) 28T % GEI O FetE 2 AT 5.

[ 0 [F]J{Aa}+[F]M:_{ﬁ} (k=1~v) (3 60)

0B, 0B, a0,

2 2
OS | s immn— chnsis 1
oa.0p, oa.0p,

ERAERE TR N -0°S/0a 0B, DI ML THD. T T=a—hr

AT BIO~T ATHIR a), 1B} {a), 1Bl ot LAV T

FOEEMATED L VHIEPUREZHT 5. ZolEBEER, Btz T A
77— L T 1M HE THRAT 2B ELORE LY &, A(B50)ICBiT 5
2 RISy, S F O TG & IRIRE OF BAE & & fEd % 43 12 BT R IR
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WATFINFAETAUTR R & 72 5

ola; _ ofa. }:_[F]l{ﬁ} (3. 61)

B, Op, Oa0p,
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YA (BB6) S T B RN T (B[ R 5. A(EBEYD kT, (@)t (B
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K(3.62)% B, CHHT B &
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| | + |

~ — ~ = ~ (3 63)
op. P, izlaaj op,

H(361) & (36YITINAL, 4, B0 L BWESE a, B\ L DISRSL T
Bl

T 2
oH _d | [FT* 'S (i =1~2Nm, k=1~v) (3. 64)
oB. op, |0« oa 0P,

A, S ATHOT A a, TH DI bv
oo, oa

S

2 2
OS | cimnn_C° <hziis
5,0, 2a,08,

R(B6NT LY, K(BENVAALT DRI T 5 BawH, D B 12 & 2855 4%
BERDHZENTED., 22T, HUA - =a— b B LT{AS 2K
b7, A(351) & [FEEEIC

eI wlcliagi=[cT Wiy, - £} (3. 65)
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[C] : oH, /0B, % i k &9 51751

(ABY > E 0 B[k, (359 L0 {Aa) sk D LR TE 5. DR

AT [F]M3R(E64) THE L= b o2kl LT AT 5.

U EDFHEIZEY, {a}alwE, {B)2IEREEE LTRZH{y} & IR
H{B} DHIHENT B LN TE S,

34.2 B b FEIZ L D RHE®H R

AT THY MO ML, X(B4)D 2 TR E I/ MTT D8 & RIS 5 Bl
{LE E 72 5. BB CIE, 2RO HEETEET DH=a— h BT > TEEHK
I ICHE/ N LTz, L L, Ma/NMEDOIERMIBIIIAT T A « =2 — F 8
FoTHERLTERY, EREHOZEZHREIL L T 1 WMSHEETZ2EHL
TW5. ZOHIETIE, ZOBBIEUOEENH TLE D HEEOIMRNREDS
NG AR LA WRTREME N B 5. BRI TR S T D sEI NI R T 72 8
\Z, BB AL T CIMIE R & RN B BRI D b & TR(3.65) D {AL] & &
E-#i/h L TEHAT2Z EMThILD. MEERNOBREHIEE LTI, #ii/hKE
T & Bk E b TA 2 H 35 Marquardt IERIERF LIt T\ 5. 2
MNHMEZRGF L, EORMENOAMZEIZE L TWAH LWHIEZIRRET 5.

3421 %5/ NRFIT X B HE
A e =a— hETIEERE 2 TS NKEEOFBEECRAT 5 L 1T
RIEESN TRV, 2 TH/DMAF ¢« B AL, RV EBHOEERY -
VO S EfENT 5.
Ap'}={Aple O0<e<l (3. 66)

HY A =a—NAEOEE, « BHS/NSTIE{AS S ZBb S8 5771
Zmh <. ZOZEIFROEIICHHATE .
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oS (3. 67)

ey, K(3.48), K(349)L:X(365) kb os/o{p)=—[C] WLy -1} &2y,
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Fig.4.1 Flow of the experimental mode analysis
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Fig.4.4 Impulse hammer

Fig.4.5 FFT analyzer
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Fig.4.6 Three-axial acceleration pickup
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Fig.4.7 Excitation point and response point
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Fig.4.8 Comparison of natural frequency
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Table 4.2 Comparison of damping ratio

damping ratio
mode No. free support holdings
1 1.16% 5.99%
2 1.34% 2.78%
3 1.36% 1.73%

4.6 EEFER

RITEZN D, B SR T BEESHR T EARBEIIIREN RN &b
5. MOEBRLHEEZBE LA RIOERE — FENTIZH R XFFCITH> 2 &1L
T, T=AT0 v FOFERE— NI 21T o 726 R 1000Hz £ TICHIkE ML 3
f#H, ERERZX7EOE—RE2HLENTE. YERERAOE 1 RE— K)
5% 3T — R%& Fig4.9~Fig4.1112, EMFEROE LIRE— RN 58 7IRE—
K% Fig.4.12~Fig.4.18 |2/~ 7.

f=14908 (Hz), £=116 (&

Mode Shape : Order = 2,

Fig.4.9 First mode for beginner
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Mode Shape : Order =3, f=3677 (Hz), t¢=1.234 &

Fig.4.10 Second mode for beginner

Mode Shape : Order =4, f=8123 (Hz), =136 %

Fig.4.11 Third mode for beginner
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Mode Shape : Order =2, f=1309 (Hz), &£=473 &

Fig.4.12 First mode for upper grade person

Mode Shape :© Order = 3, f=35632 (Hzy, & =0442 &

Fig.4.13 Second mode for upper grade person
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Mode Shape : Order =4, f=016 (Hz), ¢ =0918 &

e

Fig.4.14 Third mode for upper grade person

Mode Shape : Order =5, f=6268 (Hz), & =268 &

=T

Fig.4.15 Fourth mode for upper grade person
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Mode Shape : Order =16, f=7125 (Hz), &£=112 &

Fig.4.16 Fifth mode for upper grade person

Mode Shape : Order =7, f=8346 (Hz), &£=1.14 &

&1—4@

Fig.4.17 Sixth mode for upper grade person
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Mode Shape : Order =8, =904 (Hz), &=0517 &

Fig.4.18 Seventh mode for upper person
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Fig.5.2 IZ/RT.

Fig.5.1 Position of the acceleration pickup
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Fig.5.2 Experiment scene

EERTIX, 77 v FO sweet spot TR—LEZFT-7285A L, DI L sweet spot
HIET L TH B ED 2 DD ETITo7. £, 77 v MIERENAIK
FH, EBRERLEMINTND 2HEEOT 7y NEFEA L.

ARFFETH ERET— R CHEA LI FFT 77 A4 & 3EEE Y v 7 7
v T L.

EITRRCTHEONISEORER RN S, 550 X - THEEEIGE R
EROD. FFT 7T 74 VICADENTMEEY v 7 7 v I KB EFT, &
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H)% Fig.5.4 |2/~ .
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B53E EITHROT=XF 47 v FDOEH
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1.0E+00 - T / \

1.0E-01
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frequency[Hz]

Fig.5.3 Vibration of the racket for the beginner in striking actually
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\/ /_/\//\/
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Fig.5.4 Vibration of the racket for the upper grade person in striking actually
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5.3 EBR T — NERHT & Dl

WIFEE R S EAREH S sweet spot TH -7z & X LA L TH o 72 & 2 OREIT
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F6E RAR—INETHEOT=XT4 v hDOIEH
611X L IC
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Fig.6.1 Experiment scene
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Fig.6.2 Vibration in dropping the ball for beginner
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Fig.6.3 Vibration in dropping the ball for the upper grade person
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B 1R HRABHHER T AW CEEREL

711X C®HIC

T ATy MIEA RMEIRNIRED o TCTETRY, Fiz, HHERINR
ZLTWATEDITEMRET MENKRETH 5.
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RENV 2 FFOT VI EENET UL L, NASTRAN (2L D FHEN D ILIES &
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RISEREZEICTHZ T LT,

7.2 R E KRR OFHE
A, AQ71D X972 2 HHERNIRERREZZE X 5.

F coswt

Fig.7.1 System of the two-degree-of-freedom

Z DR OEH) AT
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X, =0 Mt Ko)F g (7.3)
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m,-X,+k, -x,=F-e® (7.5)
. ZIZTRBRIC X ZEEHZ D &,
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e, ZoLxoEAREEEX
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m2

Thb. ZNITHROKIER E —FT 5.
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1.0E+07 - — self frequency response function
' + anti-resonance point
10E+06 - » natural frequency
s 1.0E+05 A A A A A A
(7]
z 1.0E+04 |-
c 1.0E+03
S 10E+01
'Té.l.OE+OO - Y
< 1.0E-01 -
1.0E-02 * o + o R
1.0E-03 ‘ ‘
0 200 400 600 800 1000
Frequency[Hz]

Fig.7.2 Calculation result of the anti-resonance point
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Fig.7.3 FEM model

excitation response point

Fig.7.4 36 places which added the mass
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excitation response point

Fig.7.5 Mass distribution
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Fig.7.6 Frequency response function of the mass change
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Fig.7.9 Displacement after structural optimization of the first mode
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excitation response point

Fig.7.10 Position in two excitation response point
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Fig.7.11 Frequency response function of the mass change
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Fig.7.12 Change of the frequency
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Fig.7.12 FEM model
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Fig.7.13 Distribution of the thickness
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Fig.7.14 Frequency response function of the thickness change
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Fig.7.17 Frequency response function of the thickness change
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