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<Abstract>

It is well known that some difficulties have been encountered when attempting to
analyze the free vibration of plates that do not have at least one pair of opposite edges
simply supported. It is not an easy task to select appropriate series of functions to
represent plate lateral displacement when using the Rayleigh-Ritz method. In fact, in
the case of plates with free edges, it has been demonstrated that fully appropriate
functions do not exist.

In this paper, the superposition method which satisfy the governing differential
equation exactly throughout the entire domain of the plate is utilized to analyze the
natural frequencies and mode shapes of fully clamped rectangular plates. The method is
found to work extremely well and excellent agreement is obtained when comparison is
made between computed results and earlier reliable published data. And it needs to be
noted that agreement between theory and experiment is good. Accurate eigenvalues
are tabulated for a wide range of plate geometries(values of aspect ratio vary from 1.0
to 3.25 in intervals of 0.25) and vibration mode families.

1.4 &

AAE YAste BT daiAe FHTFZE AdYstn BF EA4E + U=
Fhdol e dBo]l8L HE3le o] BFEhl] old datd, &4 FAzxAFH GLT
Fu & 72 A HHie I{AFTTE A4-EE 283E HAXREE FIAEAE FA
Asted detd] naed Ao,

73, Aol gre FYFHA AARY HBel o] Hell FAF WP I FANY
o 3t 4ol EF deAAQ FiEH o|gF dHHE HdA €€ F UH. E A=
& o] G A AY HLAE £ oz go] kA =A oot zelv g AAzA
9 Agede ARHVESF R IFEEE T3t do] Yuk3 ez golgtA @44, §3|, 7}
F 93 AeHeE e dey I{HTSE o] 43 Rayleigh-Ritz el & A A
Aol BE AP distd AEu|ENA A S FH3] vEIde FFE Fevs AL
o-¢ o3& Aol '

Il M= A3AH F[2]0] & Rayleigh-Ritz 4ol g A Aoz, AL gy
o AFHAA AA, & H¥o] BRI Aol thE WHol A FAgo] dtd 12714
Aule] g JAFFE Adstdxn, 4, F My 2o 7 (nH-Af, 24-34),
(2AR-g&AA, 23-24), (F-S<AA, 2FZ-dcAA), (2F-AF, 2EF-2H4)9
ZAg-ol A3t 127Fx] MZule] @& 6x71A| ] 2AMAAES StEch FEE @3t ol
g3 53] Aol mAFolm, YA 3 ®Wo] AHFA HAZXPA diM FHHE HE
g vl Qed, 25L& A 25, 2/3 1, 3/2, 520 B FaY ZHAE 6x7A At
of wFatgict §H, 22 dlA Leissald]= Rayleigh-Ritz W& A}83le dulze v &
A @gel AAZRA #HA ZFXE A4SE 2, Gorman{5]2 Rayleigh-Ritz #4{
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o gdS HYEa PP B 99, RE ZAZRAN A Zs] AunjRRPy e ¢EA]
e HE Z7 Aok, Iy B SEASSEA o8 wEEA de AA=RA ddd
HAxz ArdgHe AFA5HY] F3H Y (Superposition Method) & E=Y3tdth 2=
oA JEA] Aol gig FAY Z{HAE Ry 42 47 5A3A HolEd e,
nRGgo] A 2 o] &5olA FHYol FHIMANME I HEES FAsH -

ojg} o] ZolA = Aed BA=AG Agulo]l B F@ siA &3 AEHE
Rayleigh-Ritz2} o] & 21845 FHYE A ALMo] gRoiAbd, E3], F
Aol o FYAFTHH L A ¥o] mAFolm YR F ¥o] A{ ABAxH Pel=
gFo] A greH3] wetA vwng AAGFR FAFeHe FHYE FH L9 o
< ohokg AAeo] B FANE AT FaAo] Atk

g 2 =RAdME FHYE ol&de vuaA HAAHG AFHHE ¢IfH
. o7 e Aol B T ZAFUEANET FAE we £ FBe F4S
B 53fder Y 2435 2L AFEREE 45T 4L A48 T2 aPA
e, 220 38 st 22 AT E Xdsts T2 dojd MATLABL
2 3gstd, Hue AAu] 10404 3257kA] 0257F 02 1037h%] 9] F3d T{HAE
WHEo] AFHALM F8F 5 A A PN UHIAANE FEE
EnRa g AL, 4712 EH AFule] @i FHNANLZ 6371A 9
154+& T3
37l FHEMez 7 AYANNY FEAE 2 ANSYSE AHEE f3a4dy A

2 g, £3, AFdN 92 Ao E vn 2 AEE IS A, F 4H

8 B9 & I

)
_°|l'.

> 2 e
we

2. 53894 ol&d A 1 F

21 Awjul 23y 4 Az T3
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(a) (b)

Fig.2.1 Rectangular plate showing a typical coordinate system
and a differential plate element subjected to an inertial force.
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YARAF B A o| 2L o]d3td WARS Wx,y, HE I3 At &
3 g ﬂ-’?‘--’f"ﬂl‘& F, Ao didstd MEURFAE dx of& FAEY d{ed,
Fig2.1 (b)elAM Bole A Fo] Z Fo disiA ZAZdo] dAo] HEF 142 UF

2, @5 g a, b g Y x, vy 4 $F FTAY AFEE=x/q,7/0 B BIT
t} o] L A oiYEed FALE E o 219 Fol Hed + UTH6™8].

PW(E D) o2 W(E D) | 43 W(En) _ 4,8 _ '
pa +2¢ PRCEY +¢ a¢ — ' AW (& m=0 (2.1)
71 A, : #me] A|Ae](aspect ratio), ¢=b/a

¢

AR 9293, A2=wa o/D
o 4RES (radls)

o: GYAAY HAVIE kg/m?

D

3
. WRFURAL, D Tﬁ%ﬁ?
E: 98 (N/m?
h : A FA(m)
v @ Xo}4]

FH, nAdo HEHE AAZA € FAA HEE FYEUWE(distributed bending
moments)$ & A4 (vertical edge reaction)®l Fx23t8 4L 44 LA 2.

W (&, 77)=M=0 | e=1

J&ﬁ [ wwsal —7 2w%§n) Mb [.awxsm ¢2aw%am]
an !
g [ LV W) V,,¢b"’ =_[ PW(En) o2 SPWE, n)]
#  gant D 3¢’ 979&*

gANA, Vv =(2—v)
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Fig.2.2 Curve ¥(£€) with symmetric distribution about &=1/2

B =M g £87 Loyl ALE @Y AA4¥ST FFHAE A B
=YY b5 9,9 4 Y, F FAEZC distd d4& S, Fig22 A%
ol o=1/2% "’éoi e A EoolA 4(22)0] ¢=0 F @=1/2 M &3] F
AZAL REe ANFE WS 71l o dd 4227 2ol & + AX
ol ¢=0 ¥ @=1% UYsY A3 FAXIS VEFE ¢ + 3k

W& 7 = mﬁ‘,&s Y,,,(rz)ii‘—‘zmﬂi 22)

(2208 A@Dd MmN r,me 4& F UL, )5S N2 dLF F, APn
Bulg Ao A sle] 2HLASE o] g3l AWK FAERZ Y HE oA 29 L4
3 2ok Bao m goste] Fastd SALFAL AHEEn, 2o FHo2 FY,

W (&,9)= m§3_5(Am cosh 8,7 + B,,sinhB,7)

+ C,,Sin 7+ D oS 7,,7) sin &g&

(2.3

(o=

+ (A,,cosh 8,57+ By sinh B,7)

m=k +2
+ C,,5inh 7,,+ p_cosh 7,,7) sin ﬁz“'—rf-

oAq714,  Bu= ¢V A2+ (mr/2)?
ym=¢ e (mrf2): EE 7,=¢V (maf2)?— A2
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23 1{AREY 74

AN Ug £ e RE AP A2 FEE & AT

a2 AARE, 6% 2 pAES 2T gt gAY S, €A, T FEF 7 dis
o wtiy ATt A3, AR, ¢Fol tste] tFolL pRe] dstelE MUY RES
YA, 2 9ol F$E detd FAFY S ), olee A7 BYsHS AH S FH3AUT

’///////M/////, - r‘r%"/(;}r‘ —
g A AANAN, g T ‘:c

.,g P = &) 4 + M@ MG

’51 3 | 5 “1 —s

n 7 7

Fig.2.3 Building blocks for analyzing the doubly symmetric modes of fully clamped plates.

AEAPHe YA L LolA AFF AR REo wiet 4z @z PAL YA 3
g sof sted, 2 $Yo] TYEE B =R ME Fig23d Hoje FAHEEE ol §
] 2 P pRES EFo disted giAA ALLE AdFUA Fig230A £8E BH
o) AAd EAE uFdle F do] YX&e= FAE £HHAEXA(slip-shear condition)
olg} Ao&tzt[9] olE WA BEG AHLEHT F ddo] YHWEgo g 7]E€7)7} 009,
Hol M dZwd =3 2E3x FSE Ui ol2H A AFY F BAZRATY ¢
Eo] A7tA AAzA] FAHNUETE ¢ & Atk v A HARIL p=0& et X
st Z3FTIRUNEZHA Q47 Zo] FFANYeZ FEY 5 U

[Y(r))sm*—‘s]+ vz [Y(n)sm——&]

=—Emsin—7—n2££

(2.4

A7, 25 W kel AAzdE AFstded, EE 4ol A xgL vl
A4S 2748 42 & 4T, 18 A FAstd e ek

) E.
mED= 2 T Bzv)cosym
X[cosrm(l—v) coshB cosh 8,,(1— v)]sm——'s

25
2 —_

Em coshy
m=k+2 ;92,,,—7’3,, "

h7,, .
X [ coshy,,(1—7)— Egzh;m cosh B, (1— ﬂ)]sm —"%‘5
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F A W(E,ME T F Ytk FAEZH BAHAMT A HA} FIY YYo=
Agel gLy ey W(E NS Wa(E Ne A& A gL ¢Sz 7 3
g 33T 8 &9 FHLAES ol gy, A FE AP AA A A W(E ) dA

Aol g g4 & qFA0 AT |
Aoz FHE ZRIPE o]§F A R BEYE FIU] AR IRAPEL T
7&6“ (E 7])7} ﬂ'éiﬂqi} ¢=O°:"*13} 711500“)\'1 'g}‘\jﬁé-ﬁok 71%7]7} Ooliq_}t—:_ /\}@—% :lll\é
B9 FH Hedtd RHEY £ AEd, o8 o2 xEsd g5 gt
IW(§, W, (€, aw(7,
AEn | ¢ 28D DD | SRIED | o) @6

A AAgel A% kE 302 a9, H@ONA 24z 3K dYFYHo] BEolAE
o, o 6708 APFANNN & & Y%l 679 TIASE EYHAT Qm ot YW U
WMAALD IR Age2 A% E, E, & ole 283 2 2& o Adwrh
T8 + Ao

Em E,
m=1 3 5 n=1 3 5
°c - o | - - =
6 o - | - - -
- - =-]lo - o
- = —]l0 o -

Fig.2.4 Schematic representation of a matrix for the doubly
symmetric mede problem using three-term moment expansion

F1g24oﬂ/\1 B/e Moz FAE RS 2 o] EAdE %OIB% Uz oz FAF
2 0% 9 st} Fig24s 2 1§Xgo2 FAE PE L A(mn)old 59, m=n=6
°l g9 E, E, 92 % gEo] N2 F&£3E AL ol &std #F A EFE Fabd

283 Al@;e 2 4 g =, PP ol 0ol HA = A%gkel nAAZ Aok
£X8 &7 9% gAS a%w obefo} Z:, o= HFEE o| 4 FAA Ha

.

P 7]E dngEel €.

ol
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ANE NASE THE ArHe) HYAYLHA

v

Aol E3d o2 YITAY

;

THA FEA=00] HE A2 (F FE FL4 o) R)

v

D& A% #DEE A4 Em, En AHEEEA A #4)

-Fig.25 Flow chart for eigenvalue calculation

3.2 9

3148 v49
AEHog FAHFIAEFFE EA37] A% AEL Fig3l ¥ Fig.3.29t Zol AAu (b/a)
1.0, 1.25, 1.5, 209} 42 %2 3t¥dh.
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Fig.31 Rectangular plates and dimension
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Table 3.1 Geometry and material property of vibration test model

Model Whole Size Test Size Thickness |Young's Modulus(nominal value)
(mmmm) (mmmm) (mum) (N/mm°)

CCCC1 430430 350350 4.0 210000

CCCC-2 517.5430 437.5350 4.0 210000

CCCC-3 605430 525350 4.0 2100060

CCCC4 780430 700350 4.0 210000

Table 3.1& A¥ol A€ 47hA BHH N+ B ARENE BREG JA9 A7|=
ke @ FAN TAXNAE B5E nEtd B FAE dmmE UL, F WY
ol F0mmE LA} o]FEZE HA AFuE BIFAINA LA 22D 48
o ARAANE AY BE AARE HL3te] Py IF ¥ FHOIE B0mm= 3
o Hae AYe U dAMid Steeh)S AHE T

32 439%A

ks
A

-~

2PN E nAAAS EEH AEEAFNZ FAF] Ak AWE ¥ B nHHA
7] S B2e Figd2sh 2o & We nAY A6 2 A Agulel we W
JEESS AT THALZ(2ASES] ; 7%0mm 430mm 190mm) S °|FEE (Fhz
Az ¥o] ; 350mm 40mm 150mm) ¥ Zo|Wd ZAHRIZ HZEeo] ; 780mm40mml2mm)
2)st Z we IHBGIEAZEC ; 350mmd0mmlZmm) 2742 Hol itk B A

dE HHL HANIEFH 40742 A7 7HE el ek

Fig.3.2 Model for experiment

AERNAAE FR5EAY], 23800, 7EEAZ =Ho gl ¥l A4 Fa5E
271 B&KAHS Signal Analyzer Type355022 S &35 2487t 1.56Hz-25.6kHz
ojtt. 9FANF RN 2FHAL F7) Y&t FWE 7 (Force Transducer) Type8200°] #
29 B&KAS $7F3)n] Type82028 AHg3stgl:n, B A% $HAZE A7 st
B&KALS] Typed379 7H&EEAES AL3%9 Figd3 L Figlds A¥En8 Ao ¢s5€
A& Jehdz ot
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Slana) Analyzer{FFT)

Impact Hammer A.ccell-rometer

AEUHE FREAAN £& Fag €L A7 9 /M dedtn 42 WA 34
7t Aoz o o] Wy {84 FHANYAN BRE F= -’F Helolr A&H o=
2ysez 34 e -rﬁ}"‘ HYol e BE ZHAES 7}7“ "rohe ApdoltH10l

A3 HASFE A/ St FBY & E Fas £43to 3@
.57 712 8ol ‘%1?4’317} Hu AEe $9 st RV 284 ii Hoy Fu4 EAME
AT ZF, Fig3sdAMe 2 F342435(Frequency Response Function)® &3
(peak point)e] & R=Y I{AFFE Fodt),
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Fig.3.5 Magnitude of Frequency Respense Function
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Fig.3.6 Position of the accelerometer and impact hammer

274717 49 A ASEA 14 $1A 2 2389 A QK= Fig3eol s 2ol A
27284 =2 ANSYSE Al4d S¢84d4e =gy ZAdzsg FA
(Nodal Line)®) ®ele sotgh ¥ 2t mew HAL AYd N2 Ay 459 43
9 ZA&e o7l 9i8td 339 AN NEE FFHAUEY, 28 V284 (Coherence
Function)® ol&3ted 2aa s RFANES Fe] Hauge] =g st 1 4
g4¢ wusgo.

Zuig BAYUALE dnaow o tm FHM AAsE 63} olstel A 2KkHz
ol#z AASAT. Fut4 B4 S AR AU Fo4 A2 Ry AEHez Y&
g AlTE uwolEo J00HzTHE £EX4(Zoom Analysis)st@ed, AAY o] FzHF o]
800lineol B2 94 2NZ2H2 2HY nHAES5 2309 0.25Hz0] Bk

olelgt WHow 1A AXE HHe 2ANAL Fo T3 ¥AY ATFFEEY 1
)X 637429 B{HAESFE FAh

34 2¥3%

HA) Ao Bate) ANRAAA W@ $HAVL o8¢ meNd 4¥e T
Fh4 2AE FYUSZHY GE&3 2o| 14e1A 6A74A Y TRAFSE FoHw, 2
A3}E Table 329 T
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Table 3.2 Experimental results of the plate modal analysis

Mode Model
CCCC1 CCCC-2 CCCC-3 CCCC4

(Hz) (Hz) (Hz) (Hz)
1 257 214 200 180
2 529 397 331 250
3 533 506 491 329
4 787 646 498 493
5 941 660 599 522
6 981 923 767 551

4. AAtA s A 2 F

AFEHE o] 4% Aol glol, MATLAB oo g 3g3sty AL 335t XES
do} Bt Be WASSLE Adste Aoz, 3gddl o] e Ao whd, AL
£ oMt FORTRANYO Rtk o A A FFE RSy Ao
MATLAB Compliler& Ap-&3foF &cH{11][12].

=0 410
—lr— 420

—— =10

T 7 T T T T T
o 2 4 L} 8 10 12 14 10 1" ol k-3
Number of expansion term

Fig.4.1 Eigenvalue versus the number of terms in expansions
Figd4l1d 88U L A% 2422 Z Avud g8 sdse AMGE s + A

Mol e kE AFdAcd, BAHLZ k7t 15047 TYHIHJLLEE k=158 ZF
3o T2y A Foe AHESIAT
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Fig.4.2 Eigenvalue versus the determinant

Figd2s 1/10007t2 02 A% Z7hA1718 A4s 84 grosd, 1 ol oo %
= FEE A= 2.

41 IFAFF

Tabled.12 AZd 10, 1.25 15 204 dsiod AN {HAETLE Gormanlsl,
Leissal4]o] o8t £70% #l9 42T 28 ANSYSe 9@ +8 22z gL S3
de AAAE ERYsste A2 vz FEsGQE, EAES 63 AAES vIHYL
o Leissa®®) ¥R 2o &FY AHv] 10, 125 ol 4w S85sich Table 4.2
=AY 10014 02502 3257479 MAvlel g 247 10347K B RHAE
Hol2z A st Aol A FEE 4 UA ATk Table 417 Table 42¢] Z=¥
N ssE £,7 F & 25 B PAL UL, aak F & B5Fo] BHA v
%, 282 sax Fol @B tHoln Fo BHME AL YUY, asE 1 e

% o]t} Table 4.1 Table 42 5 ®HolZM o B n&x A2e %= wdV o/De

e T

Tabled.1 Compar 112 for various aspect ratioison of eigenvalues

Aspect ratio(b/a)=1.0

Mode| Author Gorman Leissa ANSYS Experiment [Mode shape

1 8.996 8.996 8.996 8.98 8.06 ss

2 18.35 18.35 18.35 13.30 16.66 sa

3 1835 1835 18.35 18.30 16.79 as

4 27.00 27.05 2115 26.92 24.79 aa

5 3297 32.98 32.90 32.78 29.86 ss

6 32.97 32.98 33.05 3294 30.74 ss
(continued)

- 139 -



14 Al - AEY

Tabled.1l (continued)

Aspect ratio (b/a)=1.25
Mode| Author Gorman Leissa ANSYS Experiment [ Mode shape
1 7.472 7.472 7.472 7.462 6.68 ss
2 13.13 13.13 13.13 13.09 1247 sa
3 17.11 17.13 17.13 17.09 15.87 as
4 22.305 22.31 2231 22.24 20.41 aa
5 22.314 22.34 22.34 22.25 20.69 ss
6 30.986 31.08 31.08 3091 32.09 ss

Aspect ratio (b/a)=1.5

Mode Author Gorman ANSYS Experiment | Mode shape
1 6.751 6.736. 6.721 6.2 ss
2 1043 10.43 10.34 10.39 as
3 16.522 - 16.53 16.42 155 sa
4 16.63 16.63 16.47 15.68 ss
5 1993 19.95 2494 18.8 aa
6 25.2 25.2 25.35 24.06 as

Aspect ratio (b/a)=2.0

Mode Author Gorman ANSYS(C) Experiment | Mode shape
1 6.144 6.12 6.124 5.67 ss
2 7.956 7.96 7.908 7.84 as
3 11.192 11.19 11.1 10.27 ss
4 15.83 15.83 15.69 1553 as
5 15.992 16.00 15.92 16.31 sa
6 17.795 17.77 1761 17.23 aa

Table 4.1°14 & § A%l Z+ AFulo] Mg FAY LHAEL vizs) B Ax B
&AM AL AAEAI9 Gorman, LeissaZb A E % A4bx 2 ANSYSO 9§ xS
T8 A7l gES ME 1% utty H2 03E Holn QlojAM, HNE B dxFe ¢
F A

Az vlms] A Ay 1.000M 1349 F¢, AP AR = oF 10%, 2
el A 6247k A] Z+2F 9%, 8.5%, 8.2%, 9.4%, 6.7%< LAE Holn MW oz NI}t
o]l Bt} ¢ 86% 2t e UElUTE MY 12500 % vpastx 2 AFA st A
Hog o 75%9 LAE Holw & gro] ygm, APy 15404 HF 5% L3
Bgow, AAgu 200ME HT 4% 235 BT}

olM Y HYPX Y oA Alole] AV} AylE 8AL AFPe 2HE Wi APEA,
AHEE AR -‘?—”ﬂﬂ BTN, LABAZRAE FEF doiMe BEEmYYA Y E94H
4 5& & e, 53 Az AFYdME Fd AANY 2 AAE ZAY Gl
aA Aegd A__E Aztdt.
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Table 4.2 Computed eigenvalues for C-C-C-C rectangular plate, Al= a)az\/;/—a
Aspect ratio (b/a)=1.0 Aspect ratio (b/a)=1.25
Mode Eigenvalue |Mode shape Mode Eigenvalue Mode shape
1 8.996 Ss 1 7472 ss
2 18.31 Sa 2 1313 sa
3 18.35 As 3 17.11 as
4 27.00 Aa 4 2231 aa
5 -32.97 Ss 5 2231 ss
6 32.97 Ss 6 3099 ss
7 41.23 Sa 7 31.88 sa
8 41.25 As 8 34.80 as
9 5260 Sa 9 36.89 sa
10 5263 As 10 43.25 as
Aspect ratio(b/a)=1.5 Aspect ratio (b/a)=1.75
Mode Eigenvalue Mode shape Mode Eigenvalue Mode shape
1 6.751 Ss 1 6.368 s8
2 1043 As 2 8.893 as
3 16.522 Sa 3 13.290 ss
4 16.63 Ss 4 16.193 sa
5 19.93 Aa 5 18.587 aa
6 25.2 As 6 19.502 as
7 25.72 Sa 7 22.681 sa
8 31.324 Ss 8 27.386 ss
9 33.989 Aa 9 28.578 aa
10 34.66 As 10 31.009 sS
Aspect ratio (b/a)=2.0 Aspect ratio (b/a)=2.25
Mode Eigenvalue Mode shape Mode Eigenvalue Mode shape
1 6.144 Ss 1 6.004 ss
2 7.956 As 2 7.356 as
3 11.192 Ss 3 9.806 ss
4 15.83 As 4 13.38 as
5 15992 Sa 5 1586 sa
6 17.795 Az 6 17.217 aa
7 20.79 Sa 7 18.037 S
8 21.813 Ss 8 19.543 sa
9 25.174 Aa 9 22914 aa
10 29.09 As 10 23.735 as
{continued)
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Table 4.2(continued)

‘959

Aspect ratio (b/a)=25

Aspect ratio (b/a)=2.75

Mode| Eigenvalue Mode shape Mode Eigenvalue Mode shape
1 5911 Ss 1 5.846 sS
2 6.952 As 2 6.669 as
3 8.854 Ss 3 8.179 ss
4 11.67 As 4 10434 as
5 15.374 Ss 5 13.437 ss
6 15.769 Sa 6 15.703 sa
7 16.847 Aa 7 16.574 aa
8 18.68 Sa 8 17.161 as
9 19.94 As 9 18.061 sa
10 21.342 Aa 10 20.213 aa

Aspect ratio (b/a)=3.0 Aspect ratio (b/a)=3.25

Mode| Eigenvalue Mode shape Mode Eigenvalue Mode shape
1 5.799 Ss 1 5.764 ss
2 6.465 As 2 6.312 as
3 7.685 Ss 3 7.317 ss
4 9.523 As 4 8.832 as
5 11.99]1 Ss 5 10.890 ss
6 15.08 As 6 13.469 as
7 15655 Sa 7 15617 sa
8 16.374 Aa 8 16.222 aa
9 17.601 Sa 9 16.579 ss
10 18.76 Ss 10 17.252 sa
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Fig.4.3 Fig.45% Tabled. 2ol AZu=109 A% 2z a5d AP & 104702 vl
Atk Z ez 21 ¥FE Uyo], =3 ¥2 3D Plot, 2D Contour Plot22 Zt2Zt &
@3strh 2D Contour Platell 4] A& %9 g, 43 A2 7Iedt dde &9 @€ 4
2} epd

z

i 3 8§ § 3 4 &1

5th, 6th mode(ss)

Fig.4.3 ss(symmetric-symmetric) mode shape

4th mode(aa)

Fig.4.4 aa(antisymmetric-antisymmetric) mode shapes
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7th, 8th mode(sa, as)

I

(I I I |

9th,10th mode(sa, as)

Fig.4.5 sa(symmetric-antisymmetric) mode shapes and
as(antisymmetric-symmetric) mode shapes

5.4 &

B dFME FHYE ol &% vy ALY HBe] AFHNE FPsHn, o
g Ao g Fad LZRIFTE AR L, 3AEREYAY E contour plotseS Al
Astga. A4S S Aot B #3458 € ANSYSH A& FASA A3 a8 2
de B AAXE M2 viusdx, 4Gy € AogoM FHU FH& A
oJES FTFHIY TS e AEE AU
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