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Fourier Series Solutions for

Free Vibrations of Rectangular Plates

Student : Fang-Lin Guo Advisor : Dr. Chiung-Shiann Huang

Department of Civil Engineering

National Chiao-Tung University

Abstract

This study establishes analytical solutions of vibrations of rectangular plates using
Fourier cosine series supplemented with polynomial functions. The transverse
displacement of a thin plate is expressed by a double Fourier cosine series and two
single Fourier cosine series multiplied with four polynomial functions, respectively, so
that the derivatives of the transverse displacement can be obtained from term-by-term
differentiations of these series. The unknown coefficients in the series solution are
determined by approximately satisfying the boundary conditions and governing equation
in the sense of Fourier series expansion or point matching. It is found that the former
approach gives faster convergence of natural frequencies than the latter approach after
the validity of these two approaches and correctness of developed computer programs
are confirmed through convergence studies and comparisons with published results. The
approaches are further applied to investigate the vibrations of rectangular plates with

different boundary conditions and aspect ratios.
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jo P(x)dx=0 > (2.14)

B i=1~4> B BExR7THE

x? L
1(x) oL X 3 ( )
4 3 L 2 L3
Bx)=——— 2 2 (2.15h)
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0.2 =
0.15
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Pl pBras | 181360 | 0 0 | -L/3 | Li6 1 0
Pl _Lre L3 0 1 | 1L | 1/L 0 0
P 787360 | —I?145 0 o | -L/i6 | L3 0 1
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w(0)=0 > W(0)=0> w())=0 > wW(1)=0 - (2.30)
#-38(2.16) % ~ 3 (2.30)F #
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0=N4 -=C+—-C,-=-C,+—C, =0 > 2.31a
W();m31+45263+3604 ( )
w(0)=C, =0 ° (2.31b)
i 1 7 1 1
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" < 2 m+1 l 1
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BC=DA (2.23)
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( 3 ﬂij IR

0 P 0 0
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: 2By,
0 0
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20
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(2.33b)

(2.33c)

(2.33d)

(2.34)

(2.35)

(2.28)

(2.36a)



1 0 0 0
SlO 1+S11 Slm SlM
M= : - : ) (2.36b)
SkO Skl é‘;’cm + Skm SkM
_SMO SMl SMm 1+SMM_
2 8 2(-1*\( 8 1 2]
S, = 2 | —128-72(-)" ~ 2 (-1 22 |+ ST U | U
() <>3<)m]£&2}[3(>9<)m
2(_1)k+1 )
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KRS -

233 HEH-pd H(C-Fjz

FUH RS R e S F > pd AR LFEETS S F 0w
w(0)=0 » W(0)=0 > W()=0 w'(1)=0 - (2.37)

#-7%(2.16) 5~ 54 (2.37)F @

W(O)—fA deitetev Lo -0 (2.383)
~mo37h 4572 6% 360 1 '
w'(0)=C, =0 > (2.38b)
" < 2 m+1 1 1
w'®) =224, (-1 —C5 GG+ =0 (2.38¢)
m=0
w"(1)=C, =0 ° (2.38d)

KEIE 34(2.38a~2.38d) ¥ ¥ 34(2.23)25 3¢ >

BC =DA (2.23)
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_ -1 1 1 7
P0O) PB((0) PO P~ - = = —
1'() 2’() 3'() 4’() 3 15 6 380
F©) LK) A0 F£(0) 1 0 0 0
B = " " n " = ’ (239a)
Fy B RO ROl |, Lt 4 1
m m n m 6 3
FEQ RO £BO A O 0 0 0 1
1 -1 ... -1
Do 0 0 0 2 39h
L A\ A e\ (2:350)
0 o - 0
1\}?4:;\‘ (2 23)—;I I)” ]3‘} T\ &C bbj A 7 fop IJ S
C=0 > (2.40a)
M
C, = Z[ —20+ 7( " A J : (2.40D)
m=0
M(10 4
C,= Z[3+ (- 1)"%2j (2.40c)
m=0
C,=0 - (2.40d)
3435 (2.402~2.40d) & % 1%~ 58(2.18~2.20) ¥ (7
$ 4 S 10 m 92
>4, - pyo ZA +Z Z 20+€(—1) A2 4,
k=1 k=1 m=0
M
Byt jZ[E E )'"i,i)Am}O’ (2.41)
k=1 m=0 3 9
< 10 m 42 2
> 20—3(—1) A2 |4, —ppa® 4y =0 o (2.42)
m=0

3@ 5\ (2.41) ~ (2.42)F ¥ 4‘5@-’-’/9{ =
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(K —pDa)zM)A =0

He
20 [20+Ezfj
3
0 At 0
K=|0 0 A
0 0
! 0 0
SlO 1+ Sll Slm
M = . .
SkO Skl 5/(171 = Skm
_SM 0 SM 1 S;\/lm
2 10
S, =|— || 20+=(-D" 12 |+

® Fi% i\K—pDa)lezo i RfEFAAIZ 3N TR R iE

10, ..
(20-?(—1) zmj

0

2’1? é‘km

SkM

1+

2(-1)¢ (
X

-1

SMM_

10 4 ,
=+ 2"
3 9( ) m

7 -

j o

0

Z

10, s
(20—?(—1) iMJ

(2.28)

(2.433)

(2.43b)



234 pd-pd HEF-FLE

pd s geEats ST
W”(O)ZO ’ M/M(O):O ) \/\},(1):0 ’ 14}'"(1):0 o (244)

#-74(2.16) 7~ » ;8 (2.44)v #

M
w'(0)=-> 224, —cl—%c2 +c3—%c4 =0 > (2.45a)
m=0
w"(0)=C,=0 > (2.45b)
u 1 1
W)=Y 224, (-1)""-C e CoPC, + 3 C,=0> (2.45¢)
m=0
w')=C, =0 ° (2.45d)

BEI® N (2.45a~2.45d) ¥ {8 54(2.23)353" -

BC=DA (2.23)
# ¢

M n " " " ] I 1 -1 1 _1_

FO £0 A0 A©O| | 5 * 7§

P!II 0 PW O PW O PW O 0 1 O 0
B: l!’( ) 2"( ) 3"( ) 4N( ) - 1 1 ’ (246a)

FQ EQ AQ A®OQ| s 13

B'® B'® B'® RO |y o o 1

s A A
D= 02 02 o 0 K (2.46b)

A A "4 - DY A,

00 0

d0(2460)F B 5 # BaE s g 12N (2.23) R FIK T R(Y) ~ B(x) 5
SoFFSIESN s AHA A (S A W B ;J;»igjlk 0~1 HE EHE ;;f,g;fg_rgo
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SRR E AR B~ B() 2R B s LR (0)=1"
B'(0)=0~ B(L)=0~ B"(L)=0 + ["B(x)dx=0 > ¥ * % » B'(0)=0: & B(x) 7
AEB(0)=0+B"(0)=0- B(L)=1~B"(1)=0~ [ B(x)dx=0 > 1% B'(1)=0 -
et T ERMX) C B(x) 2 IR A B(x) > B)FF AR ke St o
BT EATER R ARG

M
w(x) =w(x) + P(x) = Y 4,084, x+CR +C,F, +C,P,+C,P,

m=0

M x Xt 13L X L
=D 4,0054,x+C,| —r—Zo4x—"" |+C)| ——+ -+ —
,,,:0 51 2L 30 241" 6 6 45

+C. X—S—X—A+x—2—4—L - 8 1 —L)C2+7L3
S\lsr* 218 L 15 “l 24 12 360 (2.47)

= Fg 3 m35 S FE S BRI

x=0 =L x=0 =i x=0 x=L
P, 1 0 0 —2/L 0 0
P, 0 0 ~L/3 LI6 1 0
P, 0 1 2/L 0 0 0
P, 0 0 L6 LI3 0 1

SR (2AT)E x B SRR O (248) 0 2 Ao 0 AN (2.23) R 2
He
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n 14 14 14 T - :l' ___:l
E© B©O B©O RO| |0 5 24
B _ H"I (0) PZW (0) _PSW (0) P4W (0) _ O 1 0 O ’
E®m BO® B0 BO| | % 0 %
_-le (1) sz (1) P3m (1) P4m (1)_ i O O 0 1 |
_/102 A2 A2
D O 0 - 0 )
O T LY G o \LP ),

KRN (2.23)F B ERGEC, B A4 2 WS

1 < m+l 42

Cl =5 Z (_1) ﬂ/n Am ’
2 m=0

C,=0 >

M
ngi ACA

m m
2 m=0

C,=0 -
FIB(M) ~ B() ¢ i s % (22000 2 P, g s

2 oL
P, :ZIO P(x)cosA, xdx

_ 4 1k
_ 30(24 + 4, )6+5720( 1) C+ f o ¢
154 L AL

k

24 4 _1k_72 (_ k+1
3024+ )" -720) (2D
15457 2

8- (2.49a~2.49d) 2 % %~ 3% (2.18~2.19) ¢ (2.50) BT ¥ ¥

M Mo (30244 24+ 720(=1)F VL (1 .,
Z/l/?Ak - pDa)2 |:Z Ak + Z( 15;,6L5 Z E (_1) lﬂ/’i m
k=1 %

k=1 k=1 m=0

YA \ L2 M
30(24+,1k)£ 51) 720 3 1 /%ijflm o
1 154 L =\ 2

-20-
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=

i M§

(2.48a)

(2.48D)

(2.49a)

(2.49D)

(2.49¢)

(2.49d)

(2.50)

(2.51)



M
> 04, -p,0°4,=0 (2.52)
m=0

FI2 % (2.51) ~ (2.52)F @AELAL N 4

(K- pp,0'M)A =0 (2.28)
H
[0 0 0 e 0]
04 0 0 0
(|00 4 :
B A5 Ll (2.532)
0 0 7
1 0 0 0 |
SlO 1 + Sll Slm SlM
M=| : I : , (2.53b)
SkO S k1l 5/071 + Skm SkM
_SMO SMl n’ SMm g 1+_SMM_
. 4 1\k AN N
5, = 30(24+/1,()6+5720( D) (L gy /1}:} 30(24+zk)£ 51) 720) (1 ’Lij o
154 L 2 154 L 2
(2.53¢)

@ FHELK-p,0M|=0 » & ¥ KI5 7 @Fg R (PR

pd RS o B ARN(253)2 K i 2 Bt A FFE A2 250 d BIRY

e B2 P RELS L HBEL -
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24 BpdEEPEfE
23 % (uniformbeams) ¥ 3 B & f#47f% > 4% Leissa (2011)
Bk w(x) =Ge” &~ 42 4255 (2.3b)F 1B
(34 —pDa)Z)Ge”‘ =0
£ B4 = po® x4 (2.54a)
(s4 —,84)Ge”‘ =0
@s=+f « Hiff > 112 X (2.30)2 125
wx)=Ge™ +Ge " +Ge” + G
S
w(x) = Qsinﬂbw@z (:osﬂx+(';‘3 sinhﬂer(A}4 cosh fx -
UG SR E T2 P C-C 5 b o N (2.55h) % x il Rk
w0) =w(0) =w(L) =w/(L) =0
d 3 (2.56a - 2.56h)7 7
w(0)=G,+G, =0 -
wW(0)=G, +G, =0 -
TG, =-G, ~ G=-G, » £ 9 5*(2.56¢ ~ 2.560)7 ¥
w(L) =G, (sinh BL—sin BL) +G, (cosh SL—cos L) =0 -
W(L) =G, (cosh L —cos SL) +G, (sinh BL+sin BL)=0 -
VARG, G b AR RGNS LR W

-22-

2 5 b
£ A - AT

(2.54a)

(2.54b)

(2.55a)

(2.55b)

(2.56a~2.56d)

(2.57a)

(2.57h)

(2.57¢)

(2.57d)



sinh BL—sin L cosh BL—cos BL| 0

cosh BL—cos BL  sinh BL+sin BL| (2.58)
443N (2.58) B B {14V 19 e A2k

cos SL-cosh L =1 (2.59)

T A Mg Ear ik C-C s C-S~ C-F F-F 2 #5842

@® C-C: cospL-cosh fL=1 (2.59)
@ C-S: tanfL=tanh L (2.60)
® C-F: cosfL-cosh BL=~-1 (2.61)
@ F-F : cospL-cosh fL=1 (2.62)

b RfEV @RS B oo #2025 &2 4 (2.3~26)T 3 11 iTiH
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25 drapiEs it

% 2.3 & it 0 B 4

ﬁﬁ kmﬁéﬁ,ﬁayﬁﬁqi

P SRR

RETS L

FESTOVE STACRNS §

1/2
i/ﬂ 0
7>\ EI

%23 TARF 2 p o FREAF T
v U =(w! n°\ pAl ET"?
1st 2nd 3rd 4th 5th

1 1.649 2.884

2 1.506 2.884 4.170

8 1.506 2.500 3.500 4.501 5.502

10 1.506 2.500 3.500 4.500 5.500

20 1.506 2.500 3.500 4.500 5.500

30 1.506 2.500 3.500 4.500 5.500
* Frfi#(Leissa, 2011) 1.506 2.500 3.500 4.500 5.500

% 23 5 C-C%® (A xHZE) R deagtrsrdr > d 58 (217)7 v & = Faik
PR A IEHCE Mo R A A D A, 0 FiATWE ML Bp RIEFAES U o d &
23 BEw CMEF M Bi4e 0 W T W2 p ARIREME S U iR brTac o BH o P adk
fR 3@ WEAEF MBS0 p RIRS S U D TREfR S B 4 23

B4 PUfc s TAEfRZ R % o

5 - BORLHE

na

Jir
f
=
=
1a
-
<
Il
oo

L
F_L

M=2ycacq » =4 »cdics 15060 % =
Aulfracd e =3 scdkF (2500 2 3.500) 0 % w7 HOAAE SR & M=10 7 A Bz

&I w =% *elicF (4500 2 5500) 0 H e acE B b o
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v U =(w! 7* pAl ET)"?
1st 2nd 3rd 4th 5th

1.331 2.548

1.254 2.469 3.795

1.250 2.253 3.264 4.277 5.942
10 1.250 2.250 3.251 4.253 5.255
20 1.250 2.250 3.250 4.250 5.251
30 1.250 2.250 3.250 4.250 5.250
40 1.250 2.250 3.250 4.250 5.250

‘o Fe f%(Leissa, 2011) 1.250 2.250 3.250 4.250 5.250

£24 5 CSE(-BAL V- HfA)frljeact i d & 2455 U
SEE MO e T PR AR e B - RS A M =5fcaci e skl
F 1250 > % - WA K M =10 Jeack v o f adicF 2250 0 ¥ = - w HOREHE
Pl M =20 4 ulfcact = F >cdcs (3.250 2 4.250) » % 7 A4 &M =30 1<

2

aciw i3 »edes 5.250 -

25  EHTB-p A HELA A REFF
v U =(wl n°\|pAl EI"?
1st 2nd 3rd 4th 5th
1 0.599 1.883
0.597 1.505 3.251

10 0.597 1.494 2.501 3.502 4.506

20 0.597 1.494 2.500 3.500 4.500

30 0.597 1.494 2.500 3.500 4.500
" 7&f3(Leissa, 2011)  0.597 1.494 2.500 3.500 4.500
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2255 CF® (-3 F-Hpd )fazfeacltifrod 4 2587 U

M=24cacz v =%

F_k

TREEE M M Aed U PUE BT AcE BAEfE o B - B
selieF 0597 ¥ - WS &M =10 Jcacd v 2F »cdey 1494 %= v~ 7

WAL 26 B A B A M = 20 fcacd w o} sl (2500 ~ 3.500 2 4.500) 5 H o acik

3 2.6 BE A d T2 pd REHAE S

U =(wl 7° pAl EI"

M
3rd 4th 5th 6th 7th
3) 1.509 2.509 3.546 4.558

10 1.506 2.502 3.504 4.512 5.517

20 1.506 2.500 3.500 4.501 5.502

30 1.506 2.500 3.500 4.500 5.500

40 1.506 2.500 3.500 4.500 5.500
* Fef#(Leissa, 2011)  1.506 2.500 3.500 4.500 5.500

226 2 F-FZ (Azgpd ) 22 Jaactati - ~ 2 ERIEF 5 00 &is
FTZWRM S Bt o d A 26 Bor ¢ M REE M M Aem i LR BT T
FEfR o FZ WM F M =10caci e =F sadkF 15060 %2~ T HAEME T A
M =20 A Bljcact v =3 »clicd (2500 2 3.500) @ &~ ~ S #FP A M =30 4
Lo acd v 4 vl (4.500 2 5.500) -

v 2tdhehize 8% ) (C-C~C-S~C-F~F-F)» HAE & % ug M @3 4c » A Ji_

I RUEBHT AT I FEf# o
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3
fiy
s
‘ \3
AL
NS
+
(\L
bl
‘\
=

R3S - A

RIS SR S Rl

+2 +
ox* ox*oy® oyt

4— 4— 4— 2—
D(@w o'w an+ 6w:0 , (3.1)#

He w=wx, 1) 5 3k > w2 4 BIRED=EA/120-) p-h ~E~v A s i
ZFRRRCFE B St o At B d REF BT T4
w(x, y,t) = w(x, y)e” » (3.2)

He @i pd ERES - BN328 » X317 @

D(#ww40+ 0'w(x,y)  0*w(x,y)

ox* ox*oy’ oy’ Jef“” = phowix,y)e™ =0 (3.3a)

4 4 ~4
D(a et ptn) O é‘i'y)J—phwzw<x,y> =0 (3.30)
X X0y A

2 8E T4 UERLAT S

M =-D 3.4)#

¥ ox? oy | # 34
o’w 0w

M =-D 3.5

y ayZ v aX,Z # ( )
2

M, =-D(1-v) 2 (3.6)

7 ox0oy
3 3
V. :_Di(vzw)_,_ ¥ __D ﬁ_vgv+(2_v) 0 W2 (3.7)
ox oy ox Ox0y



oM
=02 (i) Mo - p[ 0y L (3.8)
g oy ox oy® Ox ay

s A _
.S -

2 5%k VB LR G

iy

m=0n=0 =1 \ n=0

w(x,y) = ZZA Cos A, x-COS A y+Z(ZC P! (x)cos A, y+ZB"Py"(y)COS/1mxj (3.9)

HY 4 ~B ~C LETREK A, =mrfa~ A =nx/b> B?® a b iFEEEF

mn

O R ORI E

P)=—2tx-2 (3.10a)
2a 34
4 3 2 3
P)=—" L (3.10b)
240 6 6 45y
2
PP)=2¢ 3.10c
> (%) 2 64 (3.10c)#
4 2. 7.8
Prr)=— - (3.10d)#
240 12 360 u
2
b
P()=-2 1,2 3.10e
() 5ty 34 (3.10e)#
4 3 by2 b3
PO)=-2 +2 .7 3.10
)= e e 45 4 (3100
b
P(y)= ;—6# (3.10g)#
4 3
by 7h
P 4 + 3.10h
YOV 2 12 T 360, (3.100)#

79(3.10a~3.10n) 5 4 *v Szt > * i3 A IR IE fie s iE 22— Rfach 3 P(x)
%P (0)=1-P"(0)=1-P’(a)=1-P"(a)=1 H & x=0 & x=a 2 - [}~
ZFFREBISLFE P (0) 2 Bl ex =0 2% g i Ak 3L 47T o R P’(y)

B EP(0)=1~P"(0)=1~ P'()=1~ P"(B)=1> # i y=08 y=b2 - &

’

S 7 -
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231 HosFPx)NFELERE

R %35 - Fg 53 S R =N

x=0 X=a x=0 xX=a x=0 xX=a x=0 X=a
P! ~al3 al6 1 0 ~1la | -1la 0 0
P! 4145 | 74’1360 | O 0 ~al3 | al6 1 0
P} ~al6 al3 0 1 1/a 1/a 0 0
P! | 74°1360 | —d®/45 0 0 —al6 | al3 0 1

#-54(3.9) ~ (3.10a~3.10h)# # (3.3b) (7

i(i +24 /12+/14)A -COSA, x-COSA, y

m”*n mn
0 n=0

i[M=
M=

+

m

(24 Pl (y) 212 “1" (y) +Pl(4) (y))Bl COS}, X

1l
o

m

+ZZ(A;P;( )—222B" (x)+ P (x))C; -cosA, y

i=l n=l

4 by
_ pho’® {ZZA coslmx~cos/”tny+2[2C”Pj (x)~cos/1”y+i P (y)-cosA, xﬂ 0

m=0n=0 i=1 \ n=0 m=0

~ W[vjh
I

=

(3.11)

5 #& 4 X P38 COSA,x-COSA, Yy » #P!(x) btap(y) % H A SBcA W] coSA x 3
COSA y BB B - £

N N N
P(»)=>bi-cosd,y » P"(y)=>b,-cosdy » P(y)=> b, -coshy -

n=0 n=0

M M M
Pl(x)= Zafn -cosA x » P (x)= Z al,-cost x » P¥(x)= Zan -CosA x - (3.12)

m=0 m=0

H b;’ . b;iz N b;iza ~al s a .~ an PR A 2 (31T @

m2
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fi( n+ 2200+ 2)) A, -C0S A, x-COS A,y
:04 - N

222
i=1 n=0

4

2

e |

(45 b) —242b], +b},) B, -C0S A, x-COS A,y
(

N
Y (Ala),—242d), +d],)C;-C0S A, x-COS A,y

[\/]:

+ nm2

i=1 m=0 n=0

ha)z M N 4 M N o M N o

pD >4, ~cos;tmx-cosﬂny+2[ZZC;ajn +ZZB,’”b;]-coslmx-cosﬂny}zo

m=0n=0 i=1 \ m=0 n=0 m=0n=0
(3.13a)
F(313a)7 - # 1+ &
M N
> D (424227 +21) 4,
m=0 n=0
+i((/14b — 222 b, +b! )B;+(/1,fa;—Z/I,fa;12+af,l4)C,’;) (3.13b)
—'O}E)w (Amn +Z(C,ja,"n+B;b,i )j}cosimx-cosﬂ,nyzo
i=1

G
(2420227 +21) 4,
+Z((/14b — 222 bl vl By + (Al —23%d), + )c;;) (3.13¢)

pha) i iy
-5 [Amn+;(Cﬂa,],+8,],b”)]}:0
He m=0,1,2,.... M>n=0,1,2,., N (3.13c) % & (M +1)(N+1) i > 425¢ -
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32 2 RERFEE252
pa Rt Kirchhoff 52t = B s 2 2 R R 2> 2 B 5 O FHTH O

LT NES RO ) EE
32.1 &% C-C-C-C 48454

v 38 B % (C-C-C-C)Ejfr 2 # & i 5

w(x,0)=0 > w,(x,0)=0 - (3.14a, 3.14b)
w0,»)=0 - w (0,»)=0 > (3.14c, 3.14d)
w(x,b) =0 w,(x,b)=0 - (3.14e, 3.14f)
wa,y)=0 - w (a,y)=0 ° (3.14g, 3.14h)

Rpek > AR (3.9) ™ ~ R i = (3.14a~3.14h) » ¥ F

M N 4 N M
w(x,0)=>">"4, €0SAx+> (Z P!(x)Ci +>_P'(0)B!, cos /1me =0 > (3.15a)
m=0 n=0 i=1 \_n=0 m=0
M
w,(x,0)=> B cosA,x=0 > (3.15h)
m=0
M N 4 N ! | M ) )
w(0, y) = Z Z A, COSA Y+ Z [Z P/ (0)C! cos A y+ z P!(y)B,, J =0 (3.15¢)
m=0 n=0 i=1 \_n=0 m=0
N
w,(0,y)=>.Cicosd,y=0 > (3.15d)
n=0

w(x,b) = i ZN: (-1)"4,,cosA x+ ZA: [ZN: (-1)" P! (x)C! + f“ P, (b)B, cos /Imx] =0 >

m=0 n=0 i=1 \ n=0
(3.15¢)
M
w,(x,b)=> BlcosA,x=0 > (3.15f)
m=0

m=0 n=0 i=1 \ n=0 m=0

w(a,y) = f} ZN‘, (-1)"4,,cos 4,y + i(ﬁ]})j(a)c; COSA,y+ fj (-1)'"p;(y)3;j =0

(3.150)
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N
w. (a,y)= ZC: cosA y=0 o (3.15h)
n=0

2¢Y m=0,12,..,.M>n=0,1,2,....,No

M N
5 02 FE cosA,x & cosA,y 0 4 P(x)=) d,-cosd,x &2 P(y)=) b -cosky °
m=0 n=0

BT EREE > F T E2M+D) A 2(N+D) igspr s 2 > e W
AM+N+2)= 4258 - 4 54(3.15b) ~ (3.15d) ~ (3.15f) ~ (3.15h)¥ ¥ B =0 ~ C1 =0 ~
B =0-C3=0>%¢ m=0,1,2,..,M>n=0,1,2,...,N- ¢ 5%(3.15a) - (3.15c) ~
(3.15e) ~ (3.15g)F @ 2(M+N+2) % 4258 » # B 2558 £ 7 %

BC=DA (3.16)

B=| | ’ (3.17a)

c=(B B - B| B B B/ GG Gl G a . a)
(3.17h)
o
D= gi , (3.17¢)
Q. ]

A:(Aoo Ay o Ay Ay Ay o Ay o Ay Ay AMN)T°(3-17d)

CHrwg

AMHET LB =B B =B C=C~C'=C'-2LtB 7" e
Z2 ] Aul$R B ~C (i=1,2k=1,2,3,4)> T & k * £ ;%(3.15a)~(3.15¢)~(3.15€)
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(3.150) - “E' e, ~ f} 2 & - 7|4 % & 5% (3.15a) ~ (3.15¢) ~ (3.15€) ~ (3.150) > H 4E
ko) L (MADX2M+N+2) & (N+D)x2(M+N+2) » & ~ %2 B3 4B o
pEB <) L 2MAN+2)x2(M+N+2) -

Q, 5+ (M+D)x((M+D(N+D) & (N+)x((M+D(N+1)) 2 st » = D 2
E 1500 N N 2(M+N+2)><((M+1)(N+1)) » Hd 2 ap QTR MaBh 14 & N 4

#(3.15a) ~ (3.15¢) ~ (3.15€) ~ (3.150) > ¥ > ey B A & (M +1)(N+1))x1z

3
-@\‘
(g

d 54(3.17a~3.17d)&fEv # B ~ Cl & 4 2 M %5

C=B DA (3.18)

#-3(3.18) 1 » (3.13c) » Fm ¥ 18

2
(K—p}g" MJA:O (3.19)

#¢ K=K -(B'D)+K, - M=M,-(B"'D)+M, -

K, =[Kj, K, K K[ (3.20)
M, =[M, M M, M| (3.21)
K, (p.k) =(Ay+22227 +21)5,, » (3.22)
M,(p,k)=6, - (3.23)

K, ~ K, M, ~ M, 2 % D7 4#5%(3.130) ¥ cos,x-C0SA,y # 7 -
p=m(N+D)+n+l- K, ~ M, 2 K, ~ K}, ~ M}, ~ M}, (j =1, 2)®L~ |3

(M+D(N+D))x (M +D) ~ (M +DN+D)x(N+1) ~ (M +1)(N+1))x (M +1) ~
-33-



((MA+ADN+D)x(N+1) » & &2 @53k Co &K, ~ M, 2 4% % | 3
((M+D(N+D))x2(M +N+2) -
KM, 5 (M+ADWNV+))x((M+)(N+D)) 2 st b2t 32 A 7 B2 4,

B> kdF o £ A_=AKk) > k=k(@a)=m(N+)+@+1) > 4 & R~ & 4ot

(322~323)%r7 » m K, ~ M, $t & s 7henig % 5 F o

3.2.2 %j#% C-F-F-F s£3,4

- EE 2 p ) (CEER)E L SR Ee 2

w(0,)=0 - w_(0,y)=0 > (3.24a, 3.24b)
M (a,y)=0 > V. (a,y)=0 (3.24c, 3.24d)
M, (x,00=0 V,(x,00=0 (3.24e, 3.24f)
M, (x,b)=0 - V,(x,b)=0 ¢ (3.24g, 3.24h)

MeHER S 42N (3.9) R~ gt B R F £(3.24a~3.24h) » ¥ 17

w(0, y) = f“ ﬁ:A cosA,y+ i(iRj(O)C; COSA,y+ iPJf (y)B,"nj =0 (3.25a)
m=0

m=0 n=0 i=1 \_n=0
N
w,(0,y)=>.Cicosd,y=0 > (3.25b)
n=0
M N 4 (N ) . .
M (@)= 3 (0" (42 +vA})) 4, 0 4,9+ Z(Z(P;” (a)-vA2P (a))c; CoS A, y
m=0 n=0 i=1 \ n=0
+Z((—1)"'+ 2P () +v(-D)" P, (y)) B;ﬂj:o ; (3.25¢)
m=0
N
V(a, )= (-(2-v)A Ci+C;)cos 4,y =0 > (3.25d)
n=0
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M, (x,0)= ii(—(ﬂj +V/1,i))Am cosS %ﬂ"‘i(i("ﬁﬂi (x) +v}§'f” (x))C;

m=0 n=0 i=1 \_n=0

M
+ Z(Py’" (0) —v/ley"(O))B; CoS /’tmxj =0 > (3.25€)
m=0
M
V,(x,0)= > (~(2-v)4} B, + B )cos 4,x =0 > (3.25f)
m=0
M N 4 N ) " )
My (x,b)= ZZ(_l)n+l (/Inz + Vﬂj ) A, COSA x+ Z(Z((_l)“l/lnszl (x)+ V(—l)anl (x))C;
m=0 n=0 i=1 \ n=0
M ” ] )
o3 0 -vazr ) B0 3250
m=0
M
V,(x.b)= (~(2-v)A2 B} + B, )c0s 4, x =0 - (3.25h)
m=0
SH I X FIEcosd x & cosdy 0 £ P(x)= Za,’” 004, x » P (x)= Zajnz -COSA, x ~
m=0 m=0
P()=Y b cost,p 8 P ()= b, 008k, « % g R if i o & gv 0 2AM+1) &

n=0 n=0

2(N+D) igsa s e 4258 0 et 2 WAMAN+2) > 4258 o g 5 (3.25a~3.25h)
VRGeS L

BC=DA (3.16)

B= ;
Lo el et £ Of g (3.26a)
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C:(L% B -B/EE B KRB B GG ¢ ¢c-¢-¢cd- q)T,

(3.26b)

D= : (3.26¢)

A:(Aoo Ay o Ay Ay Ay o Ay o Ay Ay AW)T > (3.26d)

wtB e 2l AUHEBR ~C (i=1-84k=1-8) Tk fi5
(3.25a~3.25h) - 4L e, ~ f! 2. & - F|HH /L% L5 (3.25a~3.250) » H B 4 ] 4
(M+Yx4M +N+2) & (N+DXAM+N+2) » & =% 2 @520 544 Bo pt B 2
EE L) 5 AMAN+2)xYM+N+2) -

Q, 5 % | (M+)x((M+D(N+1)) & (N+)x((M+(N+1)) 2 &L » e D 2.
A ) 3 AMAN+2)X(M+D)(N+D) » 2 Y 2 8 Q, T Hhz %%k 1~8 A u &
% (3.25a~3.25h) » # @ 3t sk B A 3 (M +D(N+D))xlz 7% £ -

J 5(3.26a~3.26d) % » 54 (3.16)KfEF @B - Cigr A 2 Bk
C=B'DA > (3.27)

#-53%(3.27) 1% ~ (3.13c) » FrE ¥ B

2
(K—p}é)w MjAzO (3.19)
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#¢ K=K -(B'D)+K, - M=M,-(B"'D)+M, -

K, =[K|, K}, K, K| K| K} K} Kj|- (3.28)
M, =M, Mj, M;, Mj M M M M| (3.29)
K, (p.k) =(Ay+22227 +21)5,, » (3.30)
M,(p,k)=5, - (3.31)

K, K, M, ~ M, 2 % D7 4#5%(3.130) ¥ cosA,x-C0SA,y # 7 »
p=m(N+D)+n+1l- K, ~ M; 2 K! ~ K, ~Mi ~Mi (j=1-4)Et+ ] 3
((M+DYWNV+1))x (M +1) ~ (M +DWV+D)x(N+1) ~ (M +D(N+D))x (M +1) ~

v

(M+DN+D)x(N+1) » & < F 2 @3 s Co K, ~ M, 2 % 4 | 4
((M+D)(N+1))x4M +N+2) -

KM, i ((M+ADWV+D)x((M+D)(N+1)) 2 4t 4 2 742 A (7 £ 2 4,
Btk ET o 5 A_=Ak) > k=k(mn)=m(N+D)+(n+1) » ¥ & M~ % 470

mn

(3.30 ~ 331)#77 » @ K, ~ M, & S enis 5 7 -
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3.23 % S-S-S-S &34

- if Y A B (S-S-S-S)EA 2 ERIER G

w(0,7)=0 - M _(0,5)=0 > (3.32a, 3.32b)
wa,y)=0 M (a,y)=0 > (3.32c, 3.32d)
w(x,0)=0 > M, (x,0)=0 > (3.32¢, 3.32f)
w(x,0)=0 > M (x,b)=0 ° (3.32g, 3.32h)

M AR5 (3.9) 1 ~ B R iE #(3.32a~8.32h) » 7 ¥

m=0 n=0 i=1 \ n=0 m=0

w(0, y) = i Z\: A, CcoSA y+ i(i P!(0)C! cos A,y + i Rf (»)B, ] =0 > (3.33a)

M,0,) = 33 (~(# +v22)) 4, cos zny+i(i(1?:" ©) AP O] cos Ay

m=0 n=0 =1 \dn=0

3 (ABO) P (y))B,;j -0 - (3.33b)

m=0

M N 4 N M
W(al y) = Z i (_1)’” Amn Ccos j“/1.y A Z (Z P\I (a)C:r Ccos /1”)/ + Z (_1)/” R[ (y)Brlnj = 0 ’
i=1 =0

m=0 n=0 i n m=0

(3.33¢)

M (a,y)= i i((—l)’”” (22 +v2? )) A, COSA,y+ i(i(P (a)-vA’P! (a))c,; COS A,y

m=0 n=0 i=1 \ n=0

+§0(<—1>m*lz,if;"<y)+v(—1)'"f;“"(y))3;j=o ’ (333)

m=0 n=0 i=1 \ n=0 m=0

w(x,0) = ii/]m cos A x+ i(il{ (xX)C! + iPy‘ (0)B. cos /’tmxj =0 > (3.33¢)

M N

M, (x,0)= ZZ(—(ZnZ +v/1,121))AW Cosﬂmx-i—i(i(—/lflf (x) +v}§'f" (x))C;

m=0 n=0 i=1 \ n=0

M

+ Z;(Py""(O) —VALP, (0))3,; cos ;i’n1xj =0 > (3.33f)
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w(x,b) = i i (-1)"4,,cosA,x+ ZA“[ZN“ (-D)" P (x)C. + i P;(b)B,, cos /Ime =0 >

m=0 n=0 i=1 \ n=0 m=0

(3.339)

M (x,b) = f‘ﬁ:((—l)’”1 (/1,,2 +v/1,i)) 4,,Cos ﬂmx+i(i((—1)””ﬂjlj (x) +v(=1)"P" (x))c;

m=0 n=0 i=1 \ n=0
+ Z(Py’" (b)—VvA.P! (b))B; cos ﬂmx] =0 - (3.33h)
m=0
530X B E cosA x £ cosA,y > £ P(x) =Zajn -cosA x ~ P (x) = Zajnz -COSA, x ~
m=0 m=0
. N . - N .
F(y)=2 b -costy & P'(y)=) b,-Coshy « i LB if i - 587 9 2AM+1) &

n=0 n=0

2IN+D) igsa i 258 o e 2 @ AMAN+2) = 425¢ - g1 54(3.33a~3.33h)
VRGeS L

BC=DA (3.16)

el el el el fI fI f) f! (3.34a)

C%gg.nﬁlﬁg.”%._QE.H%ng.“%(gq.”qw”q(fm

(3.34b)
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Q
Q,
Q,
Q,
Q;
Q
Q,
Q

A:(Aoo A01 AON AlO A11 AiN AMO AMl AMN)T (3.34d)

(3.34c)

e B 4o 2 1) musE B

m

S Cl(i=14k=1-8) TH k ~40
(3.332~3.33h) - ‘Bt e ~ f) 2 F - FH % L5 (3.332~3.330) - H 4B A ) 3
M+YX4M+N+2) & (N+DXMM+N+2) > & =% 2 @744 Bo ot B 2
w4 o) 5 AM+AN+2YxAM+N+2) -

Q, 5 % (M+)x((M+D(N +1)) & (N+D)x((M+1)(N+1)) 2 &L » e D 2
) 5 AMAN+2X((MAD(N+D)) » Hd 2 528 Q, T Hhz %%t 1~8 A u &
% 74(3.33a~3.33n) » B @At esB e A 5 (M+D(N+D))xl2 7% £ -

4 (3.34a~3.34d) % » N (316) RfET @B - CIH A 2 MG

C=B'DA - (3.35)

#-(3.35) 2 & &~ (3.13C)KETLF B AR N 5

2
(K—phD“’ MJA:O (3.19)

#¢ K=K -(B'D)+K, - M=M,-(B"'D)+M, -
Kl :[K}a Kfa Kfa K‘l'a Kib be Kib Kéltb:| ’ (336)
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M, =[M;, M} M M M, M M M| (3.37)
K,(p,k)= ( +24 /12+/14)5 ; (3.38)
M,(p.k)=3,, - (3.39)
K, K, M, - M,%E"%2 % D7 > 4#%354(3.13b) ¥ cosA, x-cosA,y # 7| >

p=m(N+D)+n+1- K, ~ M, 2 K! ~Ki ~Mi ~Mi(j=1-4)Et+ ] %

’

(M +1)(N+D))x(M +1) ~ (M+D(N+D)x(N+1) + (M +D(N+1))x (M +1)
(MADN+D)x(N+]) » & 2% 2 B 7205k Co %K, ~ M, 2 4B | &
((M+D(N+1))x4(M+N+2) -

K, M, i (M+ADWV+D)x((M +D)(N+1)) 2 4 & 2t 742 A (7% £ 2 4,

B kAT oo = A(k) > k=k(mn)=m(N+1)+(n+1) > ¥ & 5 ~ % 43¢

(338339 1w » @ K, ~ M, ¥ &R eniEd 5 % o
& 31% 328 AFoTit fRaARS
1~ BR#R 5 (39):% » Bz R rZf R o

2~ g5 P(x) ~ P(p) A g4 A cos A, x ~ coSAy it 0 R A RERT

M d3%Cc0SA, x ~ COSA Yy %k o

3-d BL8)TFA, BB ~C MG YhaFEEFEL ZTEITCBERES
Poed s Fr e
A4~ H#r2 b B~ CHE % ~(3.13c) » & d (3.19)Ffrm FIHA F E o

S #-t i BT RN AER R A m o < EHREE
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3.3 eacld At

*FHEFHAE R C-C-CC # S-5-S-S 2 fearit A 47 » % 321323 &
SRt E A dgt b 2 SRR AR N T s 180 T W T R §F ¢ C-C-C-C-S-5-5-S
FHES 0 YRR TS f AR 3 Q=wd’JphlD -

% 3.2 C-C-C-C z feaxlt A~ 47 (r=alb=1)

M, Q=wa’\|phl D

# 1st 2nd 3rd 4th 5th
37.947 86.335 86.335 116.89
35.956 73.306 73.306 107.96 131.52
10 35.984 73.389 73.389 108.19 131.57
15 35.985 73.393 73.393 108.21 131.58
20 35.985 73.394 73.394 108.22 131.58
25 35.985 73.394 73.394 108.22 131.58
50 35.985 73.394 73.394 108.22 131.58

“Li (2009) 35.985 73.393 73.393 108.21 131.58

432 % C-C-C-CH4EM4r (1w =4 T2t ) 122 fehchA 47« &+ Fme? M-
Nﬁ’*"‘ Ié‘_ﬁ'{l,_ﬁt M ’ Amn ;{/‘(\AOO:‘II‘ AM’\ K ‘T’:{mec:l EE;-’% P ],B; ﬁ‘:ﬁi« ‘}tﬁ:‘%(AOO N AOl N AlO N

max

Ay) > B My o 65 (M, D)7 B A

max
b P AT CBREEF M B HiE- BR85S a0 BTV R
Kp>»M =1 BRI o Hthd kil @A CCCCLmI B

Bl 5 M = 20 % ° zari T i »c#icF (35.985 ~ 73.394 ~ 73.394 ~ 108.22

#13158) > 3 fcicid /& fufs o 2%k Li (2009) 0 P BT B HCH AT 2 e acin

SN

-42-



% 3.3 S-S-S-S z_jzactt A~ 15 (r=alb=1)

M,.. Q=wa’\|phl D

# 1st 2nd 3rd 4th 5th
17.238 50.970 50.970 78.619
5 19.659 49.307 49.307 78.783 99.410
10 19.723 49.334 49.334 78.888 98.707
15 19.730 49.338 49.338 78.928 98.691
20 19.735 49.342 49.342 78.938 98.689
30 19.737 49.345 49.345 78.948 98.691
40 19.738 49.346 49.346 78.952 98.693
50 19.738 49.347 49.347 78.954 98.694

“Leissa (1973) 19.739 49.348 49.348 78.957 98.696

£33% SSSSENE (i) o feacktitsod ¥ AR

BETF M4 5 - BoipSd TR zar 0 &M, =20 Frizaci e 2 2%

BeF 19745 %= ~ ZffiARRe 0 5 EARM TR REFE M A o OO S LR IS
AR =M, =30 PFjzard e =5 sc#cF 4935 SF MM 4 0 F o AR

)3

-L)%L

I

—

Fd TRER Jcar ) &M, =30 FFiTacl e =3 vx#eF 78.95; % T HOEME S

max

max

AR ST ket M, =15 Pricari v =3 scdkcF 98.69 - l}i’v‘JgJe Leissa

(1973)+ P& > IR T B RO S T AT o
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34 BEEE
TR AR E Ay =03~ M =20 7 & B (ab)2 R E @

%34 C-C-CCzpd e

r=a/b Q=wda’\|phl D

# 1st 2nd 3rd 4th 5th

1.0 35.985 73.394 73.394 108.22 131.58

35.985° 73.393% 73.393% 108.21° 131.58°
35.992° 73.413° 73.413° 108.27° 131.64°

15 60.761 93.833  148.78 149.67 179.56
2.0 98.311 127.30  179.08 253.32 255.93
2.5 147.77 17379  221.35 291.69 384.33
3.0 208.77 232.73  276.67 342.83 431.67
%Li (2009)
b eissa (1973)

HP Li(2009)#7BEK hfE s B2 FAZEH e » FHo o' L = & Sofic; @ Leissa
(1973)#-a S L 22 B F UFE 2 Falcfa L d RRAESF - His A

S LA % 6 BIYRitz 2 Rz o

%\' 3.5 C-F-F-F z_ E] d ;}’Efp-}};ﬁ_ﬁ

r=a/b Q=wa’\|phl D

# 1st 2nd 3rd 4th 5th
1.0 3.4704 8.5040 21.280 27.200 30.947
3.470° 8.504° 21.279° 27.201*  30.948°
3.4917° 8.5246"  21.429" 27.331"  31.111°
15 3.4528 11.654 21.462 39.318 53.546
2.0 3.4385 14.799 21.429 48.169 60.143
2.5 3.4271 17.959 21.391 57.208 60.115
3.0 3.4180 21.133 21.357 60.009 66.364
%Li (2009)
b eissa (1973)
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%36  SS-SSz pd e

r=a/b Q=wa®\phl D

# 1st 2nd 3rd 4th 5th
1.0 19.735 49.342 49.342 78.938 98.689
19.739" 49.348"  49.348" 78.957" 98.696"
1.5 32.071 61.674 98.693 111.03 128.28
2.0 49.343 78.946 128.29 167.79 197.38
2.5 71.552 101.16 150.50 219.62 256.62
3.0 98.696 128.31 177.65 246.77 335.63
“Leissa (1973)

F8§ 3.21~8323 &tz » xREF A > BT EFOIHEG L - A HEp =B
(S-FSF)~@=z#f+ - #pdHSSSFH -@Oasthgt - 2AT - £H
£(S-C-S-S) @A i ff £ - A HPFAR(SCS-C)z pd FEHMF A9 Ty

iy =038 M =20-

max

% 3.7 S-F-S-F 2. p o JrHHF 5

r=a/b Q=wa’\[ph! D

# 1st 2nd 3rd 4th 5th
1.0 9.6308 16.126 36.705 38.944 46.725
9.6314" 16.135°  36.726°  38.945 46.738"
2.0 9.5124 27.513 38.527 64.525 87.294
“Leissa (1973)
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%38  S-SSFzpdiEsaEs
r=a/b Q=wa®\phl D
# 1st 2nd 3rd 4th 5th
1.0 11.682 27.744 41.193 59.047 61.846
11.685" 27.756" 41.197" 59.066" 61.861"
2.0 16.131 46.734 75.275 96.043 111.00
“Leissa (1973)
%39  S-C-S-Sz pddreap
r=a/b Q=wa’\/phl D
# 1st 2nd 3rd 4th 5th
1.0 23.643 51.671 58.644 86.125 100.28
23.646 51.674" 58.646" 86.135" 100.27"
2.0 51.671 86.128 140.84 168.96 201.72
“Leissa (1973)
%310 SC-S-Czpd iR
Q=wa’\|phl D
r=a/b
# 1st 2nd 3rd 4th 5th
1.0 28.951 54.745 69.327 94.586 102.23
28.951" 54.743" 69.327" 94.585" 102.22"
2.0 95.263 115.80 156.36 219.00 254.14

“Leissa (1973)
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Fr g T s R

ho b oAt B2 BAET N E 2 E sk T

m=0n=0 i m=0

w(x, y) = ZZAM Cos A, x-CoS A y+Z(ZC2P’ (x)cos A y+ZB;Py"(y) cosﬁmx] (3.9)

o RSN ok VA X =

iy
F_*
i
|4
8
&
2
e
3
fﬂ
=
F_L
e
o
‘ -—
I
S
(S
A~}
=
i}
<
W

HE Sofch B coSA x ~ COSA Y B » HE PG AT H gk 2 ViRg

T

Vs

)
I

S Er S gt enE Bl % R 2 E 2 H sd s ) A0 (3.9)¢
BB~ C g A, 2 M FiE- ARG ARSI o

mn

ARET RARFR RO FHTR Qe FHAHLF L%

N
1%

\H
iy
Ju
|4

Eoafe? 2 tueard o7 o AR 2 RBZ B 4157 O-@Q O @ruit i
#RYy=0~x=a>py=b-x=0 > O Q@¥hZd =3 -5 b, ~b,
by~by %5 1 @~ @iaB-d T I L PEA > Wby ~by, ~ by ~b, T A R 2B

= 7z ~ + —
Bld 272+ 7 dy~d, %7 °

B 41 FLBhiE 2 Bk b
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4.1 pFeBk
411 Ff3 C-C-C-C § o w4

it @Rz gt e gRETRZGRFETF

#FRO
w(x, y) = ZZcos/l (x(b,))-cos 2, (y(b,))4,,
+ZA"(28 P!(y(b,))cos, (x (b.\v))+gcﬂpf(X(blx))COS/l,,(y(bl,\-))j=0 ’

N

w,(x,) = ZZCOSA (x(b )( ~2,8in 4, (y(by )))A

=0

3 S (o oos (s(8 )+ SCEP (0,))( 5 4 (4,)) )0
s=1,2.. Ny (4.1b)

£10

53 = Y3 0054, ({5 ) 087, (3(4, ) 4.

m=0n=0

+Z(ZB ,,,,, ((by,))cosh, (x (bZ\,))éc,f;gf(x(bzly))cosﬁ,,(y(bz,\_))]:o :

W)=Y

é(fg P (3(by)) (~4, sin 4, (x(bZX)))+"ZI_V:C,’;IJL_"'(x(bZS))cos/in(y(bZS))):O :

L=
(@]
(@]
w
>

/—\
@‘
\-/
S~—"
|
&
<2
=
Y
—_—
—
S~
SN
N—
S~—
N

3

s=1,2,.... N (4.1d)
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FHO
w(x, y) = ’;};cos/’t (x(by,))-cos A, (v(by,)) 4,
b, ))cosi, (x(by,))+ ZC’P’( 5. ))cos 4, (v (b3s))j:0 ’

(g
s=1,2,....Ns (4.1¢)

[v]s

w(x,y) = gécos/i (x(b )( ~2,sin 4, (b, )))Am

X[ S (v eos 2, (5(0,))+ 3G () (4504, ((0)) |0
s=1,2,..., N3 (4.1)
& N JO)
wx)= 3.3 cos, ((0) a5, ((00)) o

37 S (v oo (u(b )+ G (x(7, ) o8 55, ) =0
s=1,2.., Ny (4.19)
w (x,») = ZZCOS&( b)) (=4, sin 4, (x(b,,))) 4,
3 S () A sz sl e a2 (x(0))eos, (5(0)) |0
$=1,2,..., Ny (4.1h)
2 x(b) 2 y(b)(i=1,2,3, 4~ 4 b 82 x % yEEiE X A =mrfa~ A, =nx/b
m=0,1,2,... M~n=0,1,2,...,Ne & f * 247 » B Ny= No= Na=Na=Np > to.' ¥ J&
Kon s LRy nEkb o N+ N+ Ny + Ny 24(M +N+2) &30 % 2_th 8 B, ~
Cigr A, 2 Mt  WELYNLR L
BC=DA (3.16)
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) (4.23)

1 2 3 4 1 2 3 4
e; e e e f 7 ' f
1 2 3 4 1 2 3 4
e8 eS e8 e8 f8 fs f8 fS

(4.2b)
o
Q,
Q,
Q,
D= (4.2¢)

A:(Aoo A01 Aow AlO A11 AlN AMO AMl AMN)T > (4.2d)
et B voe 2] o Risl~4 AU B2 CL 0 TRk = 1~8 A 4R

A28 (4la~4.1h)  ie, 2 £l 25 - |5 LR nBh kA S A @ o de

W 41 =57 > F5 BB Ny BB TG Np F2 AN > € ~ f) 2L )

Nyx4(M+N+2)» & ~%2 @ 4erBe B 4 ) 8N, x4(M + N+2) 2 &1 >

pEBEEa -z i o CEe R A B AMAN+2)xL -
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Dt d Q, 2 74> M (41a~4.1h) & » BLh $E7] > 1T i=1~8 £ 7 2 A%
(4la~41h) - Q, & % * ] i Nx((M+DWN+D)) » & D &= < ] 3
BN, x((M+1)(N+1)) » £ ¢ QB2 w53 s B A 3 ((M+)(N+1))x12 7

w0 d X(3.16)=@d2a-42d) J1* REF ELEFE @B Cle A 2 M

C=(B"B) B'DA (4.3)

X (4.3) 5 % &~ (3L AT AR N G

2
(K—'Dlgo M]Azo (3.19)

4o K:KI-((BTB)" BTD)+K2 , M:Ml.((BTB)" BTD)+M2 :

K, =K, Ki Kj, K, K;, K| Kj, K] (4.4)
M =[M;, M M M M, M, M, M,] (45)
K, (0,k) = (A, + 24227 + 4,)-cos 4,x(d,, )-cos ,y(d ) (4.6)
M, (0,k) =c0s 4,x(d,, )-cosA,y(d,,) 4.7)

K, M Bz sl p 2 8d, & x5 K ~M, £~ % 5 %M 1 -

Bhd,,(x,y) 2 Sl ol 41 5Tn o FHERABDGRE TG PGS 420 K

’

’

M, 2 Ki, ~ Kl Mi, ~ M}, (j=1-4) 8L o) 5 (pog)x(M+1) ~ (p-g)x(N+])

(p-q)x(M+1) . (p-q)x(N+1) &K, M, B (p-q)x4(M+N+2)LéEKi ;

e

A% 2 @A C e
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K, M, &L | (pg)x((M+DN+D)) 2 st & it a2 » K, ~ M, & ~ %
SR REm o nBEd, (x,y) 2 Sk K, s M, EL2 S o] £ d, =d(o)
o=o(g,h)=h+(g-1)q > a®L2 Frkt7 84K, ~M, L2 75 A7
YoM N5, 2 AFe g 2% 4 =AKk) > k=m(N+1)+(n+1) > #
FRAFANB6-4NE T K, M, st i F e 5t K Mot

RfERACE LT 5 e prg =((M+D(N+)) -

4.1.2 Ff% S-S-S-S p d R HE I

$oBb N F WAL oMb FR2 B A e R LA FRGFRTE

F IO
w(x, y) = ,;”Zo:cos . (x(8,))-cos 2, (¥(8,)) 4,
+§[Z§ B, P.(y(h,))cosi, (x(b,))+ ;CIP’( )cos/ln(y(bh))j:o :

s=1,2...M (48
My(x,y):iJZN; (47 +vA%)cos A, (x(by))cos 4, (v (b)) 4,,
3 52 () v22R (5 () B 003 (5(01)

N

S (AP (ol )P (x(0,)) o8, (y(bh))j:o ,

n=0

$s=1,2,..., My (4.8b)

-52-



FRO

wix, y) = ZZcos/I (x(by,))-cos 2, (v(by,)) 4,,

m=0n=0

(S8 (50 Jeost (x(5, )+ 2 CLP (00 oot (6,.) | -0
s=1,2,.... N (4.8¢)
M 53) = 3. S (22 032 )eos 2, (x(b,)) 052, (3 (b)) 4.,
SRR ) 8 (8] o5, (5(8,)
+z(p (x(by, )= VA2 P! (x(byy ) € €08 4, (¥ by, ))j -0 >
s=1,2,..., Ny (4.8d)
#RHO
)= 32306052, (31, )00 (34 ) .,
3| 3B (1 o (+(0 )+ 3 CLP (0 ) Jeas, (5(0,) =0

s=1,2,..., N5 (4.8¢)

M (x,y)= i i —(/1”2 +VA2 )cos 4, (x(bs,))c0s 4, (¥ (8,,)) 4,
=0

3 30 ()28 (0 ) s, x(0)
32 (0, ) 0 (3 (8,)) s, (5(0,) |0 -
§=1,2,.... N (4.8)
N0
) =33 05, v )35, (8 ) 4.
3 3 (50 o (x(0 )+ 37 ol oos, (o0 )0
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s=1,2,....Na (4.89)

Mx(x,J’)=i)ZN: (42 +vA?)cos 4, (x(b,,))cos A, (¥ (bs,)) A,
5 ﬁ( R2B(3(,))+ v (v(5,))) B cos 2, (x(5,))

i=1
N

+Z(pl”( ) v/12Pt( (b4s)))Cj1' cos/ln(y(bAS))J:o ,
s=1,2,..., Ny (4.8h)
Ff2;(4.8a~4.8h)v B F ¢ h#icB, ~ C. 8 A4, 2 M % nELAN Lg%

BC=DA (3.16)

H

e, e e e f. fI f f (4.9a)

D= . (4.9b)

et B e 26 o HRi=1-4 5B 2 C) 0 TR Kk=1-8 4 H ¥k
R 4258 (4.8a~4.8h) B e, 2 f) 2 F - F|L LR b enEbh kBN @ (o
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boBl 41 T 0 EE BB N, BB T Ny iE AR 0 e s f) 2L
Nyx4(M+N+2)» &~ 2 @ erBe B 4 4 ) 8N, x4(M + N+2) 2 &4 >
prE Bt ziatocre Rt ) L AMAN+2)XT -

D v Q2 74 42(4.8a~4.8h) ik » gLh #5] > T | = 1~8 %7 > %
(4.8a~4.8n) » Q, & £ < | i Nx(M+DYWV+Y)) » & D = & + | 3
BN, X((M+D(N+1)) » £ ¢ Q4B 2 5> ¥4 B -

As (M+)(N+D))x12 7 £ 0 d 4(3.16)2 (4.9a-4.9) > {17 B £ F L &

73 =1 4§ [N i 9] 5 3 2 .
g v @B, ~Cle A 2 BT

C=(B"B)'B'DA (4.3)

#-(4.3) 5 % &~ (3AL)ETR T @apa) 4

2
(K—p];w M]Azo (3.19)

4 ¢ K=K,-((B'B)'B'D)+K, - M=M,-((B'B)'B'D)+M, -

K,=|Ki, K Kj, K, K|, Ki, K], Kj,] (4.10)
M =[M, ML M M M;, ML M;, M, ] (4.1)
K, (0,k) = (A + 24227 + 2})-cos 4,x(d,, )-cos 4,y (d,,) (4.12)
M, (0,k) =cos A, x(d,,)-cos A,y (d,,) (4.13)

FUIN

K, M, 22 513 p 2 8hd, &~ 25 K, M, & %% 5 $8m N~
Bhd,(x,y) 2 Sl B 41577 0 FRP PGB TG PqiE s K,

M, 2 Ki, ~ K, ~ M}, ~ M}, (j=1-4) & % 5 (pog)x(M+1) ~ (p-g)x(N+1) ~
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(p-q)x(M+1) . (p-q)x(N+1) &K, M, B (p-q)><4(M+N+2)LiE@t v %
& 2 @A C o

K, M, :®e% | (pg)x((M+DN+D)) 2 4+ & v 2 > K, - M, & ~ %
H®Eem ~n@Ed, (x,y) 2 Slke K, s M5B 2 540 5] > £ d, =d(o) >
o=o(g,h)=h+(g-1)q » aset2 Frikt7 > HAK, - M,z 7 A 7o
B gEM N5, £ AFe B 2234 =AKk) > k=m(N+D)+(n+1) »
LMAE 40N (412413) 47 0 K, ~ My éaet ey 22 - L8 Ky Mag
WA R ACE > R S S L &gk p-g=((M+D(N+D)) -

FE M irit > e fR2 AL
1~ Bk$ER FN(38.9) B2 R xR iEi o
2~ Bt F N b kD > 3] 42(3.16) o

3% B &£ F BLN43) RKfzv 4, & B

i A
N 7 R % o
mn m Cn Z I LR

4~ eyt b Er{E B~ Cr 5% R~ (313b) > A e ghd,, o T d 55(3.19)

m

S

Fefzm 19

S

S5t R Hm AN B BT R R ¥ e m o~ BN, R TR

AR RE o
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4.2 et e it

bk o fRBhE3RIES B R F XA EEP-Be Lk KATH AN KR S 0 o
P2 B T RAT R £t N B g5 T B R A e 4.1
S Bhdy v dy ~d, cd o kT2 R 2 50 fagke s KM

2
LR L Flem ngtEi M4 et (M+L) B A4,
E mn P ﬁr mn

a-—21

Bk,i!’«éﬁqu:(M+1)2 W LY EE % =

2 K Mg+ o) 5
(M+1)2><(M +l)2 » 5 it

WU R B2 end g B i % (C-C-C-C ~ S-S-S-S)2_ & % 5 A |t
O3 TX: S JVMEE-RUP S ST EIR A JUINERTDIEED B8 1% JVFEVE "3

BEITER 2GR S R E ORI N B o M, 5 EE-O

max

\\\?{r

il

=

it r~ M, ~No s TE o

max

@ 2//‘&& : Mnu,\‘

%41  C-C-C-C2 feaclt ¥ (r=1,N,=50,/=001)

M, Q= wa®\|phl D
# 1st 2nd 3rd 4th 5th
5 36.088 72.815 72.815 107.97 127.59
10 35.997 73.424 73.424 108.34 131.62
20 35.986 73.396 73.396 108.23 131.59
30 35.985 73.394 73.394 108.22 131.58
50 35.985 73.394 73.394 108.22 131.58
“Li (2009) 35.985 73.393 73.393 108.21 131.58
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#4174 5 v 3 F 2(C-C-C-C)EA) 4 2 fe et A 5 » 3t dh e (=0 d
AT DM, H e 0 B - BB S A P rUE R ea ) &M, =30 Jracl: T i
3 ox#cF 35985 %o ~Z AR FERM R EEFM,, B 4 o BOREIE SR
B AqRIT e M, =30 feaci T =3 xdeF 73394 EF M, H o #

4

. S N

%)

BRAE AR LR SR e &M, =30 A Bljead T ndicF

(108.22 2 131.58) -

% 42  S-S-SSz ftactti s (r=1,N,=150,7/=0.01)

M,, Q=wa’\phl D
# 1st 2nd 3rd 4th 5th
5 19.717 49.679 49.679 79.853 100.48
10 19.682 49.198 49.198 79.112 98.649
20 19.724 49.326 49.326 78.889 98.666
30 19.732 49.337 49.337 78.926 98.677
40 19.734 49.341 49.341 78.938 98.682
“Leissa (1973) 19.739 49.348 49.348 78.957 98.696

2 4275 v B 4 (SS-S-S) A 2 JracE AT o F AT D EEM,
B4 ¥ - HEEFARER SR T e &M, =30 Jeaclw =5 »cdied 19.73;
FocZHCRAER o ZERB R BOREFARGSH > SR T &M, =30 &
AL ow mf vkl F 4934 % 2 T RO T LR SR 5 4R Jeae e M, =30

AT acd 2 sl 4 E o g pcdicF (78.9 2 98.68)
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® %% 1 Ny
%43 CC-C-Cz fdfdags (r=1,M, =20,/=001)

N, Q=wd® phl D

# 1 2 3 4 5
10 36.474 73.778 73.778 107.31 129.061
20 36.032 73.391 73.391 108.23 31.59
30 35.986 73.396 73.396 108.23 131.59
50 35.986 73.396 73.396 108.23 131.59
100 35.986 73.396 73.396 108.23 131.59

%44 SS5S5Sz pdEEHSF (r=1,M,, =20,/=001)
N, Q=qwa’\|phl D
# 1 2 3 4 5
10 27.089 91.517 94.381 94.381 101.85
20 16.834 49.227 49.227 18.777 96.647
30 19.698 49.265 49.265 78.995 98.569
50 19.717 49.315 49.315 78.853 98.641
80 19.721 49.321 49.321 78.876 98.656
100 19.723 49.323 49.323 78.882 98.661
150 19.724 49.326 49.326 78.889 98.666

BEERE SRR A, BB COM G § X LR P EEEN, S ERE

mn m

EBmBAR S 0 B~ Ol 8t A M GHARHAE 0 d £ 43957 5§ N, 230 5 N, 4
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OF = |

%45 C-C-C-Czpd it (r=1,M,_=20,N,=50)

) Q=wa’\|phl D

# 1 2 3 4 5
36.384 73.052 75.588 108.61 131.70
1 35.994 73.425 73.425 108.35 131.64
0.1 35.985 73.393 73.393 108.21 131.58
0.01 35.986 73.396 73.396 108.23 131.59
0.001 35.986 73.397 73.397 108.23 131.59
0.0001 35.986 73.397 73.397 108.23 131.59

%46 SSSSzpdEFHFSF (r=1,M, =20,N,=50)
[ Q=awa’\|ph! D

# 1 2 3 4 5
2 18.578 49.110 49.110 78.753 94.413
1 19.647 49.101 49.101 79.068 98.098
0.1 19.691 49.256 49.256 78.493 98.550
0.01 19.717 49.315 49.315 78.853 98.641
0.001 19.720 49.319 49.319 78.871 98.649
0.0001 19.720 49.320 49.320 78.872 98.650

R AR R R S E 0 g K e N PR R (AR T A BB

5od 2455 % 1<0.01  $¥c/ g 22 B2 < md £ 46%57% [=0.01

S

H 2

F_k

& e fd 1

4

B g 1<0.001 > F#HkF orindr o [ Prag 2 FLER £ o
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4.3 WA R 2 feactt

® = 1§ 7% (C-C-C-C)4&a} 4
% 3.1 C-C-C-Cz pdirdapF(r=1)

M Q=wa’\|phl D

max

# 1st 2nd 3rd 4th 5th

37.947 86.335 86.335 116.89
35.956 73.306 73.306 107.96 131.52

10 35.984 73.389 73.389 108.19 131.57
15 35.985 73.393 73.393 108.21 131.58
20 35.985 73.394 73.394 108.22 131.58
25 35.985 73.394 73.394 108.22 131.58
50 35.985 73.394 73.394 108.22 131.58

441  C-CC-Czpd it (r=1,N,=50,/=0.01)

M, Q=wd’\/phl D
# 1 2 3 4 5
5 36.088 72.815 72.815 107.97 127.59
10 35.997 73.424 73.424 108.34 131.62
20 35.986 73.396 73.396 108.23 131.59
30 35.985 73.394 73.394 108.22 131.58
50 35.985 73.394 73.394 108.22 131.58

4231 (F2ENNslk) i 41 (feakE) v L cac@2%me o £ A
feacig B b o &2 2558 nlicjoac g b %G ik T 0 &AM, =20

e foag o feBhiE Pl M, =30 PF T
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®w f fj £ (S-S-S-S)E) 4
% 3.2 S-S-S-Sz pdiEEAEF(r=1)

M, Q=awa*\|phl D
# 1st 2nd 3rd 4th 5th

1 17.238 50.970 50.970 78.619

5 19.659 49.307 49.307 78.783 99.410
10 19.723 49.334 49.334 78.888 98.707
15 19.730 49.338 49.338 78.928 98.691
20 19.735 49.342 49.342 78.938 98.689
30 19.737 49.345 49.345 78.948 08.691
40 19.738 49.346 49.346 78.952 98.693
50 19.738 49.347 49.347 78.954 98.694

%42 S-S5SSzpdiEEAEH(r=1,N,=150,7=0.01)

M, Q=wda’\/phl D
# 1st 2nd 3rd 4th 5th
5 19.717 49.679 49.679 79.853 100.48
10 19.682 49.198 49.198 79.112 98.649
20 19.724 49.326 49.326 78.889 98.666
30 19.732 49.337 49.337 78.926 98.677
40 19.734 49.341 49.341 78.938 98.682

d £ 32(E=F slk) B4 42 (feBiz) 7 Ligsr k> g E

'S

N R RS o BB T BRAM I @AM, =30tk kil = (19.74 -

e

Pl

49.35-49.35-78.95 ¥ 98.69) ; ke BiE 2 % - ~Z ~= ~ T R IR EM, , =30

-

fodc D $ rcificr (19.73 49,34~ 49.34~ 98.68) » & ¥ w HCAL4E B & M, =30

foacl § rxinde= 789 ¢
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BBCRJREA 2 ARG 0 S NI L S iz
CEBBCGRIF L T S DR AR 2 R HF LR B B E AR
B o~ B R By ge s 13- A R if ¢ (C-C-C-C~S-S-S-S~ C-F-F-F ~ S-F-S-F -
S-S-S-F ~ S-C-S-S ~ S-C-S-C)z p #ARird#g 5 » ¥ #:if B+ C-C-C-C~S-S-S-S2 %k
EI RS g A R [E% Li (2009) - Leissa (1973)2_ #icim " B » MU %RFE > F2 7 {7

too RKjEpE o K-PI(x) &2 P(y) 2 8 fes Slics B cosA, x & CosA,y BB R 0 1k

91 & k78 cOSA, x-COSA y ~ COSA x £ coSA y » it H > s o B AR o
FrEAHY - B2 BN ZEARFF AR A B RS

Frig 2 B SR KT ARCNE N 2 Bhd, 0 AR 0 T KR MAE S E o x
i % 4+ C-C-C-C ~ S-S-S-S 2_ % b ajc st A 47 > &1 2 ;F*J& Li (2009) ~ Leissa (1973)
Z BEV R M SRET FLV A
FRCCCC2%b] d 23184417 LE jtaxE2%4pkF 0 ¥ A st
BRI HEEIE Eel S 22 e R g RE-om A B S-S-S-S2 %k

Blod £ 3284427V AuEFEIR > NEEF N sl R F > BT B

REAR W Ve ard 3 osninlin ) fRARB2 2 % - 2 v 2 v T HREME S jracd
2

§ooie o @ ow HOA AR W T AT AR e

LA ES  FWMER T E 2 Rl D 2 JTaciE B RE Jraciis B
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R e F AR A H AR 2RI TR o @ e R d TR R R B
R & S BRS RrA Ae 2 R A RS 2 B AT RE B

3 e facd Rl ¢ FIY RS o AR R -

52 i
B 224 WIS R M2 BRMA LIS MO RL F o a s B
AR mE RN 4 B C, ~Cy s Cy ~ C 2 MR > 33 58 ki

m

Fefz e C-F-CF ~

F_L

PUEERL 2 e O RRETE g AT TR AEA 2 g R
C-C-F-F FFFFzd4 2B ~Chit(C=B'DA) Bewspagzret,

B Z LS R 2248 B LS PR diced BV e gL SN B

AE AL T RO B4 g T AR Rk R

nl
N
RSN
=
B
o

224 8° 3152 5B HEr FFRFFER EE8 . 7 EfME -
APRRFREEE > I 2 AN s e R fEpE s B R T 2 e ld o H ozt

Bt o FAFRE 0 kT L R R A R R R
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> X(312)¢ b b, - b,

= j Pl(y))d
b, = %f:(Py"(y)-COSlny)dy

i l b i
by, :Z'[O (Py (y))dy

.2
b, =
n2 b

b= [} () s

b =2 [}(PO0) c0s2,7)dy

ab = % jo“(P; (x)) dx

a = S [[(P!(x)-cos 2,x)dx

a, == j (Pg"(x))dx
(R"’(x) cos A x)d

g, :__[ (P’(A)( )

# o
0,n=0
1 _
b= n_z—ibz,n;to ,
0,n=0
2_ b
b = n%[::4,n¢0

—job (1’;" ()-cos l,,y)dy

@ (x)-cos /Imx) dx

45 A

N 614—»7\"]“)(

-67-

-\

(A.1.1)

(A.12)

(A.1.3)

(A.1.4)

(A.1.5)

(A.1.6)

(A.1.7)

(A.1.8)

(A.1.9)

(A.1.10)

(A.1.11)

(A.1.12)

(A2.1)

(A2.2)



0,n=0
b, =1 2b-cosnx ’ (A.2.3)
ez 70
0,n=0
b, =1 -2b° -cosnz ’ (A.2.4)
LA
1 —l,n =0
an = b ’ (A25)
0,n#0
0,n=0
by, =1 —2b ’ (A.2.6)
gz %0
3 l,n =0
an = b ’ (A27)
0,n=z0
0,n=0
by, =1 2b-cosnr ’ (A.2.8)
T,n Zz O
n T
by, =0 > (A.2.9)
-1
—,n=0
b2, =1 b ) (A.2.10)
0,n#0
b, =0 > (A.2.11)
1
= n=0
=16 (A.2.12)
0,n=0
0,m=0
a, =1 —2a ’ (A.2.13)
B o=
0,m=0
an =3 24° - (A.2.14)
’n4ﬂ4,n1¢
0,m=0
a, =1 2a-cosmzx ’ (A.2.15)
DT 0

-68-



0,m=0

a, =3 —24° -cosmrx ’ (A.2.16)
4—7[4,17’1 #0
m
1 —l,m =0
a,=4 a ) (A.2.17)
0,m=0
0,m=0
al. =4 _ ) A.2.18
m2 2202 m ” 0 ( )
mr
3 l,m =0
a,=a ) (A.2.19)
0,m=#0
0,m=0
4
= ) ) A.2.20
a,, 2a C2052m7r m£0 ( )
m°r
a,=0" (A.2.21)
-1
= m=0
2,=1a (A.2.22)
0,m=0
@, =0 > (A.2.23)
1
~m=0
aty=1a" (A.2.24)
0,m=0
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> 3.2.1:(3.17a) “EL B2 e % f|
eim,n = Pyz (0) ’ §mn
€lna =505,

12
flm,n - am—l

2 _ 4
flm,n - am—l

1 _ 1.2
e211,m - bn—l
2 _ 14
e2n,m - bn—l

Foom =5 (05,

m

fom =500,

m

€ = P2(0) 6

mn

€ =51 (0) 6

mn

fl = ai_l -COS(n—l)ﬁ

3m,n

f;m’n =d .- COS(n —1) V4
€y =071 -COS(m—1) 7
€em =011 -COS(m—1)7

fom =F(a)-6

nm

nm

fom =F(a)-3

al ~bhVRHEAREHY m=1,2,..,M>n=1,2,...,N-

ik B
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(B.1.1)

(B.1.2)

(B.1.3)

(B.1.4)

(B.1.5)

(B.1.6)

(B.1.7)

(B.1.8)

(B.1.9)

(B.1.10)

(B.1.11)

(B.1.12)

(B.1.13)

(B.1.14)

(B.1.15)

(B.1.16)



> 3.2 7%(3.17c) 4B D 2 B Q,

Q3i,j = (_1)ﬁ+1 ’ 5mﬁq

Q4i, i (_:I-)rﬁ+1 ’ é;qﬁ

HY j=m+l=n+l>j=m(N+)+(m+1) -m=0,1,...,.M>n=0,1,...,N-

) S EELE &

> 3.2.2:;(3.26a) EEL B2 e % f]

T
eln,m _bn—l

fium =P2(0)-5

nm

i
€nm =0

1 _
f2n,m - é;1m

2 _£3 _ g4 _
f2n,m - on,m - on,m - 0

e;n,m = (_1)’" 2’nzz—l ) bri:—l + (_1)m_1v ' b(in—l)Z

fi

3n,m

~(P"@-v- 21 P (@)3,,
efm,m :0

1 e2
f _f4n,m

4n,m

=0

f, =-12,(2-)9

4n,m ~— = nm
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(B.2.1)

(B.2.2)

(B.2.3)

(B.2.4)

AR mE N

(B.3.1)

(B.3.2)

(B.3.3)

(B.3.4)

(B.3.5)

(B.3.6)

(B.3.7)

(B.3.8)

(B.3.9)

(B.3.10)



P =5

4n,m nm

o =B (O =122, (0))5,,

]?l

_ 2
Smpn ﬁ“nl (1

‘m-1

i
TV a(mfl)Z

eém,n = _ﬂ’n21—1 (2 - V) ) 5mn

2
€6mn =0

mn
e6m,n = e6m,n = 0

1?1

6mn

=0

7mn _(Pl”(b) V m—1 Pl (b)) mn

7m n (_1) n l am 1 + (_1)”_1 —— a(imfl)Z

e8m,11 = e8m,n = O

egm,n __2’2 1(2 V)

mn

4 _
€gmn =0

mn

1?[

8m,n

=0

i i i i
am A amZ A b b/lZ

vtk A &

> 3.2.25%(3.26c) 4B D 2 4B Q,

Q3i,j = (_1)r7l ( ri +Vﬂ“nz)5nﬁ

7, H¢
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m=1,2,...,

M>n=1,2,..

(B.3.11)

(B.3.12)

(B.3.13)

(B.3.14)

(B.3.15)

(B.3.16)

(B.3.17)

(B.3.18)

(B.3.19)

(B.3.20)

(B.3.21)

(B.3.22)

(B.3.23)

LN i=1-4

(B.4.1)

(B.4.2)

(B.4.3)



Q,;=0
Qs = (42 +v42)3,

i, j
Qi = (1) -(A4 +v42)3,,

i j

HY j=m+l=n+l>j=m(N+)+(m+1) -m=0,1,...,.M>n=0,1,...,N-

) S EELE &

> 3.23:(3.34a) EEL B2 e % f]
e =b,

Tn,m

from =P 0)0

ei2nm = ﬂ‘nzz—lbz[z -1 + b[
fZlnm _(P’”(O) v n l Pl (O)) nm
i m-171i
e3n,m = (_1) bnfl

3nm _P (a)é‘nm
e;nm (D" A%, -b L+ ()" b’
fhum =(P @=v- 22, P(@))5,,

€sma =1 (0)5,,

i _
me,n am—l
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(B.4.4)

(B.4.5)

(B.4.6)

(B.4.7)

(B.4.8)

AR mE N

(B.5.1)

(B.5.2)

(B.5.3)

(B.5.4)

(B.5.5)

(B.5.6)

(B.5.7)

(B.5.8)

(B.5.9)

(B.5.10)



%rﬁW)vMP@)

_ 2 [ i
6m n ﬂ' m—l + V- a(mfl)z

i = E ()3,
fa = ("4,
8m4ﬂwvflmm
.

a  +)""v-a

8m n (m-1)2

al ~a,~b ~b,FIWHEALE R m=1,2,..,

>  3.2.3:(3.34c) E'E D2 EHEQ;
Qi =0

Q,; =(42+v47)4,,
Q,;=(-""5,

Q= (Y (42 +v47)5,
Qsij =0

Qg = (ﬂ,ﬁz +VA? ) 0,
Q;;=(-D""3,,

Qy; = -1" (ﬂ'ﬁz +Vﬂz)§ 7

mm

HY j=m+l=n+l>j=m(N+)+(n+1) -m=0,1,...,. M

$ Ay 2T
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(B.5.11)

(B.5.12)

(B.5.13)

(B.5.14)

(B.5.15)

(B.5.16)

M>n=1,2,...,N»i=1~4

(B.6.1)

(B.6.2)

(B.6.3)

(B.6.4)

(B.6.5)

(B.6.6)

(B.6.7)

(B.6.8)

»n=0,1,..., N ;3

|~

(:'m\:\,
|
W

o

S|



> 4.1.1:(4.2a) LBz e % f)

el =P (0)-cos 2, (x(by,)) » s=1,2,..., My
£l =P (x(B,))  s=12.., M

ey =C0S 4, (x(b,)) > s=1,2,.., Ny

ejs,h =e§s,h =e:s,h =0,5=1,2,.... M1

£, =0>5=1,2..., N

e =(-D" P (y(b,)) »5=1,2,..., N
fi. =P(@)-cos i, (y(hy)) > 5=1,2,..., Ny
e:s’h:O v 5=1, 2., N

fo, =C0s4,(y(by)) » s=1,2,..., N,

fos =T =T =025=1,2,., N,

e =P (b)-cos A, (x(by,)) » s=1,2,..., Ns
£l = (0" Pi(x(by,)) » s=1, 2,00, N3
€4 =C0S A, (x(by,)) »5=1,2,..., N3

e;s’h :ezs’h =e‘6‘s’h =0:5=1,2,...., N3
£, =0>5=1,2..,N;s

e =P (¥(by)) »5=1,2,..., Ns

£, =P.(0)-cos,(v(b,)) »s=1,2,.... N

€n=0>5=1,2..., N,
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(B.7.1)

(B.7.2)

(B.7.3)

(B.7.4)

(B.7.5)

(B.7.6)

(B.7.7)

(B.7.8)

(B.7.9)

(B.7.10)

(B.7.11)

(B.7.12)

(B.7.13)

(B.7.14)

(B.7.15)

(B.7.16)

(B.7.17)

(B.7.18)



fas =€0S A, (¥(by,)) » 5=1,2,..., Ny (B.7.19)
2 3 4
f8s,k :fSS,k :fSS,k =0-5=1,2,..., Mg (B.7.20)

B homtl k=n+l° el ~ L2 E - don LB R gk o

> 4.1.15(4.2) D2 EtQ,

Q. =—cos A, (x(b,)) (B.8.1)
Q=0 (B.8.2)
Qs = (-1 -cos 2, (v(by, ) (B.8.3)
Q. =0 (B.8.4)
Qg =(=1)""-cos 4, (x(by,)) (B.8.5)
Q. =0 (B.8.6)
Qi =—C0s 4, (v(by,)) (B.8.7)
Q. =0 (B.8.8)

Ao QW25 - At dm bRk P enghh B2 FRIHE A, B kA

Foo b AELY L AF A =Ak) > k=m(N+1)+(n+1) -

-76-



> 4.1.23:(49a) ‘LBz ¢ % f|

el =P (0)-cos 2, (x(by,)) *s=1,2,..., My

fi, =P (x(h,)) " s=1,2,.., M

ey, = (P (0)—vAZ-P/(0))-cos A, (x(b,)) » s=1,2,..., M1
f =—A2 Pl (x(b,))+v-P" (x(b,)) > s=1,2,.... Ny

et =(-D)"-P(y(by)) »5=1,2,.... No

£ =P (a)-cos A, (y(by)) > 5=1,2,.... N,

ehn = (D" 22 PU(y(by))+ ()" v P (y(by)) *5=1,2,..., N2
£l =(P;"(a)—mj P (a))-cosz,, (¢(b) > 521,20, N,
e =P (b)-cos 2, (x(by,)) » s=1,2,..., Ns

£l =(0)"-P(x(by,)) > s=1,2,..., N3

m m

el =(P;”(b)—mz-13f(b))-cosz (x(By)) * 5=1,2,.., Ns

£, = (0™ A2 Pl (x(by))+ (D) -v-P" (x(bs,)) » s=1,2,..., N3
e =P (¥(b,)) »5=1,2,.... Ny

i, =P.(0)-cos,(v(b,)) »s=1,2,.... N

€hn =42 P (y(by))+v-P (y(bs,)) > 5=1,2,..., Ny

£i, =(P;”(0)—w1,f P (0))-cos/ln(y(b4s)) L 5=1,2,..., Ny

HY h=m+1 -~ k=n+1 - e!

k
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(B.9.1)

(B.9.2)

(B.9.3)

(B.9.4)

(B.9.5)

(B.9.6)

(B.9.7)

(B.9.8)

(B.9.9)

(B.9.10)

(B.9.11)

(B.9.12)

(B.9.13)

(B.9.14)

(B.9.15)

(B.9.16)

SflE 2 E - s s Ao B ehEED, o



> 412 (49b) FELD 2 EEQ,

Q,, =—C0s 4, (x(8,)) (B.10.1)
Qu =(4 +vA2)-cos 2, (x(y)) (B.10.2)
Q= (-D)""*-cos 2, (¥ (b)) (B.10.3)
Q. = (1" (A2 +va7)-cos 2, (v(b,)) (B.10.4)
Qqy =(=D)"*-cos 4, (x(by, ) (B.10.5)
Quuy = (1" (22 +vA2)-cos A, (x(by, ) (B.10.6)
Qs =—€08 2, (¥(hy,)) (B.10.7)
Qy =(42+v27)- 008 2, (v(by,)) (B.10.8)

B9 QEM 2 5 7|l sha LB R b mh o B GRIHE A P 0Lk 4

M

o b AEE? L aF g =Ak) k=m(N+D)+(n+1) o
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i C

> 32.15(320-321) £ K, ~ K ~ M, ~ M},

Kl (p.q)=(4,b; 2276, +8,)5,, (C.)
K! (p,q)= (/14 a —22%d ,+a )57 (C.2)
1b ! n “m n“m2 mé nn :

HPi=24> ;=12 K! Ki, ®L2 7 p %7 p=pmn)=m(N+1)+n+1>
Tz FRFENEGLITD)E A FRA SEAFHY 4 C=B~C'=B' > # E¥HE
B vi1=1~4> &Cprwdr nCia 5

. = — o Py~ AU o -, - AT
C:(Bé B ... Bl B B BAZ/I) B B - Bf,‘ B* B' - B;) ,

dopt s Ki ~ KL EBE R g7 5 g=qgmn)=IM+D)+m+n—M > [=1~4- 1 % in %
7 B TR e x

M, (p.q)=b7,, ° (C.4)
Mi,(p.q)=a,0, ° (C.5)

M|, ~ M} AEL P52 e K]~ K o At Ao e

> 3.2.2+323:%(3.28+3.29-3.363.37) £ KI, ~ Ki, ~ Mi, « M},

Kl (p,q) = (A b, = 22351, b4 ) S,z (C6)
K! (p,q)= (/14 a —22%d ,+a )57 (C.7)
1b ! n “m n“*m2 mé nn '

HPi=1~4> j=1~4>K! ~Ki ®L2 52 p k7> p=pmn)=m(N+1)+n+1>
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B2 T RIENEB260)E ~F R S EAFHIL 4 C, =B ~Cl=B~C =B, >
C'=B g H¥EB =18 %CFvEr 1C47 %
cz(bg B - BH E B - B;\ B B BXZ\ B B - B;‘ BE B - B;‘ B B - B;)T,
(C.8)
dopt o KIS K B2 % g7 5 g=q(mn)=IM+D)+m+n—-M > [=1~8° 1% in
2 g4 B 2 TR e &
M, (p,q)=0,6,, ° (C.9)
M, (p.q)=a,6, > (C.10)
Mi -~ M, BELEA2 N KL s K Aot AT e
>  41.1-412:(44-45-410-411) FEK;, ~ Kj, ~M;, - Mj,
Ki,(0.u) = P (y(dy)) AL -cos 2, (x(d,,))-2-P" (y(dy ) A7 -cos 4, (x(d,,))
+P® (y(d,,))-cos 4, (x(d,,)) (C.11)

Ki, (0,u) = P! (x(d,, ))-zj .COS A, (y(dgh ))— 2.p" (x(dgh))-/lf .COSA, (y(dgh))

+P¥(x(d,,))-cos 2, (¥(d,)) (C.12)
M, (o,u) =P, (y(dgh ))-cos/lm (x(dgh )) (C.13)
M3, (0,u) = P! (x(d,, ))-cos 2, (¥ (d,)) (C.14)
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Ki, “K{|, L2 T a-b A W#HBB, ~Cl  HEiL2 55041 & f
Kt oengkd, o £d,=d()  o=o(g.h)=h+(g-Dq > £+ g=12..p~
h=1,2,... q°mELs FRAHENA20)2 ~E25) > 2 AA T £ C =B -
C?=B°~ C*=B ~C*=B"» # 24 B »1=18> %CFm g~ 1C4 7 :
<A B B/ER B -RBEE B EE B RE B §B& ---Bf;)T
(C.15)

ot KD SK Bz FRu A BB L u=I(M+1)+m+n—M -]1=1~8-

M, * M, “ELE73 S K~ K, 0 Aot S5 e
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