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n=1
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n=1

csch(bw,,)sinh(w,,y)sinh(u, (b = y,)) .
nz’“'zHMnl - azDzz/-Lzl

sinh(u,, (¥ = ¥,)) sinh(w,5(y = ¥,))
_ . 2
A=) |:_ n’mHu,, +a’Dyu;, = n’mHu,, + azDzzﬂiJ } 22
FIEL(b) A (e) B2 M AT, B an T .
)= Y O Cosh(yy) — cosh(om) +

n=1 Dzz(/-Lil — M)
coth(bw,, )sinh(yu,,) — coth(bu,,)sinh(ym,,)) +
FII(CSCh<bMH3)Sinh(yMn3) - CSCh(an] )Sinh(yll‘n] ) ) ) ’ (30>
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= sin(B,y)

wy(x,y) = Z (G, (cosh(x€,;) — cosh(x€,,) +

coth(a,, ) sinh(x€,,) — coth(af,;)sinh(x€,;)) +
H,(csch(aé ) sinh(x€,,) = esch(ag,, )sinh(x£,))) (31)

Forfs
; _JB%H+JB3<H2—DIIDZ2>_K ; _JBiH_JBi(HZ—DnDzz)_K
" D, D%l D, e D, D?I Dy

N T R SRR 3 AT B Z A R y = 0 4k

) esch(bw; )sinh( (b = yy)u,,) esch(bu,)sinh( (b =y, )u,)
aPsin(a;x,) 55 5 5 + 2 2 2 2 *
v H = at Dy vt H = at Dy
1

—— 5 (E(coth(bu; )u; — coth(bu;)p;) +
Dy(pyy = 133)
Fi(CSCh(b:U’B Wiz = esch(bu, m,)) +
© { 2a%im (G, — cos(im)H,)B,

Z 22

| D”(izfn’2 +a2§i1)(1 o +a2§i3)

TEH Ty =b At A

0, i=1,2,3". (32)

) esch(bw; )sinh(yu, )  esch(bu,;)sinh(yu,;)
aPsm(aixo) - 22 2 2 - 22 2 2
UmH — a” Dy vmH = a” Dy

1
Dy(piy = piy)
E,(esch(bu, )p;, — esch(buy)ps)) +

= (2a’imcos(nm) (G, — cos(im)H, ),
2{ D”(izfrr2 +a2§il>(i2ﬂ_2 +a2§i3) -

(Fi(coth(bp;3)p;; = coth(bu, ;) +

0, i=1,2,3". (33)

n=1

TEB G =040 A
esch(aé; )sinh( (a = x,)¢))) .\ esch(a&)sinh( (a —x,)¢5) .\
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bPsin(B;y,) {

1
D, (& - &)
H(csch(aéy)é, — esch(aé; )€, )) +
i 26w (E, - cos(jm)F e, _
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TENR x=a b, FH

(G,'(C()th(afjl)fjl - COth<a§j3)§j3> +

0, j=12,3,". (34)

csch(aé, )sinh(x,€,) csch(aéy)sinh(x,€,)
b Sin ) _ J J _ J J
P (:3]9/0>{ PmiH - D, ,21 FatH - sz”‘fj23 } +
1
D, (& - &)
G(csch(aé;)§;, — csch(aéy)éy)) +
i {2b2]'1Tcos(m1T)(Em - cos(jTr)Fm)am}

Dy(jPm + bpn) (P + b, 7)

(H(coth(aé;)€, — coth(aé,)E,) +

=0, j=1,2,3,. (35)

m=1
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WRIETTRE(32) ~ (35) S RBE, F, G, M H (m,n=1,2,3 ) RIGERAAL(29) ~
(31) , 13 BIAAE BRI T 124 1] S P AR AR [ 3 ) 25 g g A A 2
w(x,y) =w,(x,y) +w,y(x,y) +wy(x,y). (36)

5 & Hl

B 1 AR T DU ] ST 28 4% [ S P R v A S ) i B
(%0,%0) = (;,gj , D, =0.3D,,, Dy, =4D,,, Dg =0.85D,,, b =a,
BHACAT (23) ~ (26) , SN E L F G, H , T4 R0 AT (27) 158 3% 0 # i b
fift, N FHZ AT AT T — S AR S AL B HE BRI T 5 SR [ 3 ] M A5 R AT LA, ELARGn 3k 1.
B2 JEAE Ka'/D = 10> #PEHEE B 5 (a/2,a/2) A2 BNEFR AT P, Poisson (ARY)
v = 0.3 B PH i [ 52 1 58 45 ] [l 1 v AR 25 i e | OGS A7 T 28 4% 1) S Al i % o S 88000
D(1 -v»)
Vi, =vy =v, D =Dy =H=D, D, =vD, D :fa
PS5 18 T 3R 2.
R LD T DU 52 1E A ) S AR I HR L w0 ( Pa®/Dy,)

Table 1  Deflections of the clamped orthotropic rectangular thin plate under concentrated load w( Pa*/D,,)

y x a/4 a/2 3a/4
n = 10 0.001 073 0.000 817 755 0.001 073
a/4 present
n =20 0.000 818 0.001 450 14 0.000 817 756
n =10 0.001 196 73 0.002 275 71 0.001 196 73
present
a/2 n =20 0.001 224 81 0.002 311 61 0.001 224 81
ref. [3] 0.002 407
n =10 0.000 875 087 0.001 494 96 0.000 875 088
3a/4 present
n =20 0.000 903 426 0.001 564 24 0.000 903 473

®2 PRI FIEZCS i R RN w(Pa®/D)

Table 2 Deflections of the isotropic square plate on elastic foundation w( Pa*/D)

y x a/8 a/4 3a/8 a2

n = 10 0.000 096 387 4  0.000 343 767 0.000 597 343 0.000 705 809

a/8 present n =20 0.000 096 366 8 0.000 343 766 0.000 597 344 0.000 705 805
ref. [17] 0.000 096 4 0.000 344 0.000 597 0.000 706

n = 10 0.000 343 751 0.001 122 36 0.001 924 65 0.002 279 98

a/4 present n =20 0.000 343 766 0.001 122 34 0.001 924 65 0.002 280 01
ref. [17] 0.000 344 0.001 12 0.001 92 0.002 28

n = 10 0.000 596 762 0.001 925 37 0.003 378 25 0.004 103 66

3a/8 present n =20 0.000 597 341 0.001 924 65 0.003 378 14 0.004 104 92
ref. [17] 0.000 597 0.001 92 0.003 38 0.004 10

n =10 0.000 699 416 0.002 289 92 0.004 100 69 0.005 233 27

a2 prosent n =20 0.000 705 735 0.002 280 2 0.004 104 2 0.005 263 14
ref. [17] 0.000 706 0.002 28 0.004 10 0.005 27
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Table 3 Deflections of the orthotropic square plate under concentrated load ( Eyh3w/Pa®)

£ 3 LPRETIESHS SR EITRIEEE (Eph w/Pd®)

¥ x a/8 a/4 3a/8 a/2
n =10 —-0.000 262 021 -0.000 079 017 9 -0.000 352 576  —0.000 584 225
a/8 present
n =20 -0.000 030 144 5 -0.000 234 132 -0.000 525 33  —0.000 695 576
n =10 0.000 196 253 0.000 502 36 0.000 787 042 0.000 897 372
a/4 present
n = 20 0.000 119 839 0.000 450 425 0.000 727 582 0.000 832 515
n = 10 0.000 896 115 0.002 532 45 0.004 103 29 0.004 741 54
3a/8 present
n =20 0.000 760 537 0.002 438 26 0.004 000 07 0.004 625 98
n =10 0.001 107 29 0.004 101 13 0.007 307 59 0.009 137 6
present
a/2 n =20 0.001 267 38 0.004 119 53 0.007 320 72 0.009 183 02
ref. [ 18] 0.009 167
+ >\
6 4 e

Ve N7 )2 T 45 o) [ PR REAE Al TR R 0 D 12 A AR AR AR AT e R K e 5 i 2
A4 S e R A e 1 AN TR T 5 2% P T B 45 (i [R] PR RE I A R AL, 8L 2 A AT B0 A 3 JH G Ao 7 i e e
TEAZ A5 1] S PR REC AR I LAY SR AR SCER — YR30 1 X i 7 S T 52 4% i) S5 P 0 Al ) AT 7
Je55 4t Hamilton 55 AUAMEAMIAAE s B U] T AR o883 B9 3 IE A 1 e g w45 3
Ji55 4k Hamilton FREGTHIE %, 2 )5 HISE BN 07 1240 2 17 DU 320 18] 52 18 52 4% [ S AR 1) L ) =
BN B B AS SO A B 25T i A AT -5 A STHRES SR A0 LU, Uil 1 A SCRF A5 2R B9 251
AR A 3Gz F o B 7 i a1 DU [ 5208 5245 1) S PR R Al X — bR AR Al 00, (5
OT A B AL A SRR .
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Analytical Bending Solutions of Clamped Orthotropic
Rectangular Thin Plates With the Symplectic
Superposition Method

EBURILITU' , FENG Lu' s ALATANCANG'?
(1. School of Mathematical Sciences, Inner Mongolia University,
Hohhot 010021, P.R.China;
2. Huhhot University for Nationalities, Hohhot 010051, P.R.China)

Abstract: The orthotropic rectangular thin plate equations were transformed into the Hamilto-
nian system, and the corresponding infinite dimensional Hamiltonian operator was obtained
with the method of separation of variables. Then the eigenvalues and corresponding eigenfunc-
tions of the Hamiltonian operator were calculated, and the eigenfunction system was proved to
be of symplectic orthogonality and completeness. Finally, with the symplectic superposition
method, the analytical bending solutions of fully clamped orthotropic rectangular thin plates
were presented. The comparison between the analytical solutions and the numerical examples

shows the correctness of the proposed method.

Key words: orthotropic thin plate; infinite dimensional Hamiltonian operator; eigenfunction;
analytical solution
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