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and numerical methods, a tool for rapid parameter analysis and optimization, and a theoretical basis for experi-
mental designs. Conventional analytical methods, e.g., the Lévy solution method, are only applicable to me-
chanical problems of plates and shells with opposite simply-supported edges, which, however, may fail to ob-
tain analytical solutions for the issues with complex boundary constraints. In recent years, the finite integral
transform method for plate and shell problems was developed to deal with non-Lévy-type plates and shells, but
it is still infeasible to solve the mixed boundary constrains-induced complex boundary value problems of higher-
order partial differential equations. Herein, for the first time, the finite integral transform method was combined
with the sub-domain decomposition technique to solve the free vibrations of rectangular thin plates with mixed
boundary constraints. The rectangular plate was first divided into 2 sub-domains according to the mixed bound-
ary constraints, and the 2 sub-domains were solved analytically with the finite integral transform method. Final-
ly, the continuity conditions were introduced to obtain the analytical solution of the original problem. Based on
the side spot-welded cantilever plates commonly used in engineering, the free vibration problem of a rectangu-
lar thin plate with 1 edge subjected to clamped-simply supported constraints and the other 3 edges free, was an-
alyzed. The obtained natural frequencies and mode shapes are in good agreement with those from the finite ele-
ment method as well as the solutions in literature, thus verifying the accuracy of the proposed method. The so-
lution procedure of the finite integral transform method can be implemented based on the governing equations
without any assumption of the solution form. Therefore, this strict analytical method is widely applicable to
complex boundary value problems of higher-order partial differential equations for such mechanical problems of

plates and shells.

Key words: finite integral transform method; mixed boundary constraint; rectangular thin plate;
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0 51 7

SRR AR 2 B T R TR R AR AU AR AR, HE 2 AT o — B A E A T AR
2t AR 1 11 Pl S DR L R 22 4 e RE A DT 32 DG T , s 28 ) AL 14 gt A7 SR A X 125
FEY 8 PR 3 Ar FI0) 25 i B B B S AT X AR 4 B iR 2l )AL, A O SR AR A 45 E Y SRR
SRAFZI R i 7 i Fl 342 1) 7 REA SRAT A [T A A0 3 FIIR TR SR T, v i 9 i i o 42 4 5 R e ot 752 1)
S22 | A DR L A AT SR gt Ay — I R A SE AR AT 7 75, 1A Navier 75 A1 Levy 75 HRESK i
XA ST B ), A A6 RO Y b I 30 DA AS 2 AR AH 4 A

SEPR TREN DA T AR A ARG T 1 5 e A R, — 3132 BITRAS 2o (R[] o A T S S 5
H RN R L 24 5) AR A 2 TR LR A0, 7 7R A e BTV I 300 R AR g — b
SR B TR 0 S TR, SRS A A3 A I T S8 [ S B A TR — b A (7 B ATR R T 0 1 52
SIS AR SR, X0 T IX R e AT AR B R Sl IR, A% 55 07 0 Sk LA A SR At B X BRSO, ~= A1
R BT ER R A DA DG R R A FROT IR A RARET AR 2240 i a1 sk
BUES oA BUE 4,

LIRS SBAE T nT AT AL TR AT B RS AL (R A A i 5 SR oA s 2 o2, 0 A i B
TSI BE AR, BIAN AT LA Dy 256 28 LA RBAE D7 E5 3 FE R SR ARIES B AL TR, | Rl
AN SR AR BB RS A AN KU T5 YR R 4 R i DU, AR e RE IR B ol JEE 255K, HOR i A
R R i R OB Ak P, R SRR AT T VA AN DO B T T 4 A e R e 38 B E M (L, X TR
LR S BT A AR B RO T LR SR AR ST SR — R BT 75 AR AL PR A T R AR
FEIE AR B IR R L

A BRER A b AE SR B W 7 AR I — ST BTk AR R B B B S — P R I T e 12—
e I RSP A AT R 72 A2 T 0 SR R oI T R 42 o O R e B B A3 AR P A5 3 A R R AL
AR A% PR B, 14 1R 0 5 R PR A i AR, i 3 o AR 0 2 4kl v 380 i ) AT i A e, DR PR



1114 [ 3 I Q= S | I N B = 2023 4F 5 44 5

AR ST R0, SR o W TR D P B AN 32, DR A B4 Dy — b ] B BEE A TR AR, MRS T
FIRFR A8 46 0% O RIF 58 44 58— T ANAT B — 2 S TR AT, ) 17— 00 32 B TR 24 SRR T DU A R 8 3 1 %7
R AT O AT IRAR M A ek i — 20 R e T IR 1 SR D SR A v

ARSCRAT BRAR A8 40 5 T IR 25 5 S I T IR I BRI Wi 1 e 1R 2l 1) R ) e A SR e 1 2
ARG TR A 1 2R AR R ARG 3 D A 388, 9% I I AT BIR AR 3 A8 4 32 X8 A0 2 0 ) A A SR i, e e i
PRI E) F9 E E A A B2 I R e 2% e T A FIR T R, A SR M T LR ) 10 5 R B A ) 1 f
PRah AR, K LI 28 O — 1 [ 52 -1 SR A 29 A =i F i ST AR el I sl IR R R4 7 R A R (RS9
R, TG A BRI SRR, AR SO SR SR A0 BROC B SCHRAS SR = B W), SR 45 AR ARG JEE AN I T
Fof S 2R BT 7k AN ST ik B SR EE A AT R 30 3 S RUE T 1 JEE 0 HE R M, SR S8 ikt 4™
2 A SR 2R R A HCE WA 1o Rl

1 it B Fh sl ] A 42 i s

FLTF Kirchhoff {W AR BE  FEIE AR A i IR 2h R P 5 R an
D|:64W(x;y,t) ‘2 64W(2x,y2,t) . 64W(x;y,t)} v ph E)ZW(xz,y,t) ey (0
0x 0x~dy dy ot
KA W(x,y,0) Fom e ZINHERE ;D = ER*/[12(1 - p?) ] FoRPUENIEE o E Oy i h 92
w A Poisson [ ; p 37 WA BE. AR IR IR 30 B8, BRAE A th IR 30 I A Sh B8 BE 07 B8 W(x,y,0) = w(x,
y)sin(wt) el w(x,y) HRALREL, o N EAHRA WAAX (L) 75 BFE #RIRBL O T BT

dw(x,y) | 0'w(x,y) | 0'w(x,y)
D{ PR wtay oy " (x.y) = 0. )
M AT w s A
(T, P
o 9x> ’uéyz ’
o[ o*w 9w
vo=-D 2 s (2-p) Y
: 8x[ax2 ( w) Gyz} ’
. s (3)
[T,
4 8y2 )’
82 82
vo=-p |2 (2o 21,
! dy| dy dx

Sortt M, M, F Oy B AT Ox BIEIEGZSHE, v, F1 V) FRTT Ox BRI Oy BB 0 5009 7).
2 IRGAFAHT R EAR A R h 1S AT BRBT AR i

FEXPIR A I S TR AR, A SCLA €7 “S™ “F 7 43| 3R [ 32 7 3 . A B3 = Al 4608 RN AE S i
FEFF e LIBT3 ok S B X AR i 44 L BR T W, A SC DA T v AL 19 3 2 i AR Al /) CS-F-F-F AR
B I FHETG AR A TR AN 1 R R RSTR0R R a,b,b, B by , o b =b, + b, s bRk Ox 5 Oy
ISR R IR S e R E A

W T B A5 AR 43 S (D (@A 38, BIVRE I SR 43 A 19 4> [ L, B i % 79 4 38843 310 R
A BRAR G B4 A TR S, 0 SR A el A v B A U5 S0 A I 300 S 2R B B 3 B S A 4% B L
AL N & 2 FoR.

XFEAFIE, EERR O < v, <a,0 <y, < b, WEX 4B BRRTZZHUANT .

a(mon) = [ ey cosLatm)x Jeos[ B (n)y, Jdudy,, (4)
Kot § FR T T 12,0, W (x,.y,) SR IR GRS BB, a(m) = mm/a B,(n) = /b,



1115

%91 ZEisg 5 IRG AT I MR B H PR B IR B A BRAR AR 4G i
;H\:[:Flm:()’l’z’---’n 071’27
y
F
. b
Y, A internal continuous Yy A
b, S @ b, boundary b, F
- F-------- F
C F S F
ol el @ @ @
0 F a x @) F a x 0, a x,
internal continuous
boundary

e
AL R R

CS-F-F-F R A i S AR 2 CS-F-F-FHURE
Fig. 2 Schematic diagram of the sub-domains of CS-F-F-F-F

The rectangular thin plate under CS-F-F-F
rectangular thin plates

# 1
Fig. 1

mixed boundary constraints

WA R R F IR AT .
w,(x,,y,) EZ ze(m)s(n)w(m n)cos[a(m)x,cos[B,(n)y,] . (5)
=1,2,- 0, e(m)=2;%n=00F, e(n)=1;%n=1,2,---0F, e(n) =

P m =00 ,e(m)=1;4m
2 MR (4) X2 (2) s m B i o 7 R4 A DG IR A T 4 A FR AR SR R A8 4, T A

jbl fa 9*w, cos[ a(m)x, Jcos[ B,(n)y, |dx,dy,

b; w, dw,
a4(m)wi(m’n> + JOCOSI:BL(n)yiJ |:_ ax; + (= 1" P 3L :'dyi +
b; Jw ;
az(m) J-OCOS[Bi(n)yi:l [ax: o - (- 1>m37i Xia}dyi’ (6)
9 w;
fo fo cos[a(m)x Jeos[B.(n)y, ]dx,dy, =
Bi(n)w,(m,n) +jacos[a(m)x-][— L +(—l)"i }dx,+
(mamn) + ], ol o |,
,B(n)fcos a(m)x:||: » O }dx. (7)
Y |y.=0 dy; yi=b a
b; ra a4w
f Joa cos[a(m)x Jeos[B,(n)y,; ]dx,dy, =
wi=a |y;=b; N

2

@’ (m)BA ()i (mn) + - cos[a(m), Jeos[B,(n)y;]
%,y

i i

x=01y;=0

Jw,
" dx,; +
dy; yi=b

a(m)fcos a(m)x]{ay
(8)

;=0

i

1 ma d
( ) ox, | Yis

[

g [Ceosl ()] [a’”
(9)

i

x

J»Izi fphwzwicos[a(m)xi]cos[,Bi(n)yi]dxidyi =phw w.(m,n)
(ARSI PE IR AR 2530 (8) 100 F R4 BR A (6) —(9) R A (2) M58, 77



1116 A R~ G SO | ) =

2023 4F 3 44 B

phw

Dz}w‘(m’n):

{Mm) +B(n) ] -

3

. o, 8
Jocos[a(m)xi] [ P - -(-1) oy Fbl dx, +
bi *w 0w,
focoswnm{axg s de :
5 5 a . ow, ow,
[2a°(m) +ﬁi(n)]focos[a(m)xi]{(—1) a—yl —a—yi i_o}dxi+
b ow, Jw,
[az(m) +2:8;2(n)} JOCOS[Bi(n)yJ[(_ l)maixf (")x.l 0:|dyi'
HIERE i
PE a3
I(m) = fo P [cos[a(m)xi}dxi, L(m) = jo ; Ocos[a(m)xi]dxi,

cos[ a(m)x,]dx,,

Jb( )_fa awi [ ( ) :Id J()( )_fa a’wi
Am) = Oaiyi})i:biCOS aim)x; X, J; M) = 087

yi ;=0

3

. b 07w,
Ki{(n) :jo P
X

cos[B,(n)y, dy,,

b; 83wi
cos B.(m)y 1y, Ki(m) =[5
¥, =a i

b dw, b Jw,
L= 2R coslB(my v L) = [ TSR cos[B(n)y,Jdy,
i lz;=a i lx;=0

C(m,n)={[a’(m) +B(n)]* —=v*} 7",
Hrfry =w/ph/D JU(10) 7T LLE— {0 A
w,(m,n) =C,(m,n) {[I}(m) = (= 1)"(m)] +[K(n) = (= 1)"K!(n)] +
[2a°(m) +B}(n) I[ (= D)"J{(m) = Ji(m)] +
[a?(m) +2B/(n) ][ (= D"Li(n) = L{(n)]}.
A (3)—(5) , IF45 A Stokes A4 > | A A0 FA A2 4E Rk U .
0w,

a w; i
Mxl‘xi=0:_D +M 2 =
=0 9yi =0

uc;
D S S 0
T)Z Z (m)e(n) { (= D)"Li(n) = L)(n) +

m=0

pl (= 1)"J( )—J(m)] [&*(m) +ppi(n) Jw,(m,n) }cos[B.(n)y.],

ofs3] et )-

fZ Ze<m>e<n> (=)™ (=D "Ln) - L%n) +

m=0n=0

pl (= D) T (m) = Ji(m) ] = [&*(m) +ppi(n) Jw,(m,n) }cos[B,(n)y,],

d’w, d’w,
T

dy; yi=0 o]

M\)0= D(

}1’=0J

—*Z Zs(m)e(n) {ul (- D"Li(n) - Li(n) ] +

n=0n=0

(= D"Ji(m) = J/(m) = [pe’(m) +B;(n) Jw,(m,n) }cos[ a(m)x,],

(10)

(11)

(12)

(13)

(14)

(15)



%59 PR IRE AR I M A R RS 1R A A BRAR A 4 it 1117

M D azwi 82wi j
=— + =
R (ayiz yi=b; # Bx? yi=b;
- DF Y etmye(n) (= D"l (- D L) - ()] +
(= D" JCm) = J2(m) = [pa*(m) +B(n) Jio(m,m) Feosl a(m),]. (16)

[R)BE, AT A5 S A S350 8y g ek Xan T

v o[ (2 -y
. =- + — =
R ax? x;j=a M axtaylz xi=a
—st [Ki(n) = (2 =w)B(n)Li(n) Jeos[B,(n)y:], (17)
b; 2o
v D 0w, (2 - ) O w,
o =- + =
e ay? y;=0 # yzaxiz ;=0
D&
-2 e, (m) = (2 - p)’(m) J)(m) Jeos[ a(m)x.], (18)
m=0
V.| D{ywi (2 -p) w }
yi lyi=b; = + K =
. ay? yi=b; aytaxzz yi=b;
D&
= e Ll = (2 =pw)e(m) Ji(m) JeosLa(m)x,] (19)
FRAE & 2 AT ?ﬁ@wﬁ%fﬂﬁ;@ﬁ’) FEER
ow,
wl ‘ =0 05 o - O,
: o, x; =0
20
Mx]‘ 1= :0’ Vr]‘n:u_o’ ( )
M)’] ‘ y1=0 = 0’ VH ‘y|=0 = 0’
o T 2 S AR
| | 0w, 0w,
Wily =4y T Walyy=00 75 - 2 ’
Wi ly=n 03 1=
1y =b 2 ly,=0 (21)
ow, _ Ow, w, _ w,
ayl y1=by ayz 32=0, ay? y1=by Gyg y2=0
e (20) F0(21) S (9w, /0x,) ‘x,:() = 0, (9w, /dy,) ‘y]:bl = (0w,/dy,) ‘yz:o, (8%w,/0y}) ‘yl:bl =
(0°w,/9y;) |, oo A (11) AT 4%
LY(n)=0
Ii(m) =1(m), (22)

Ji(m) = J3(m) ,
P BRI 7% BRECB 3 8 4 AR
w,(m,n) =C (m,n) {[[{(m) = (= 1)"[[(m)] +[K{(n) = (= 1)"K(n)] +
[203(m) +B(n) 1L (- D" (m) = J'(m)] +
[a(m) +2B1(n) ] (= 1)"Li(n) } . (23)
HRAE P 2 1] SR Q7 2 2 A B R Ay
w, ‘x2=0 =0, sz ‘.Q:o =0
M|y =0,V 1, =0, (24)

M}z‘ :O’ Vl’z‘)z=b2 :O;

y2=by



1118 VA I G I A = 2023 4F S 44 45
2 R SRS
| — | 0w, _ 0w,
w, y1=b =W, y2=09 ay% L - ay; e
(25)
ow, _ dw, *w, _ O w,
9y, yi=by 9y, y2=0’ 99’? yi=by ay; ¥2=0
)Ii}f(j(25) H (0w, /dy,) ‘)'I:I)I = (w,/dy,) ‘)'2:()’(‘:)3“71/89’?) ‘yl:bl = (33“’2/09’;) ‘)»2:0 /ft/\it(ll) SREIEG:
Ii(m)=106(m),
{ 1[7 20 (26)
Ji(m) =J,(m) .
WIF 3@ 5% BB A8 X
wy(m,n)=Cy(m,n) {[L(m) = (= 1)'L(m)] +[K(n) = (= 1)"K5(n)] +
[20°(m) +B3(n) I[ (= 1)"J5(m) = J5(m)] +
[a?(m) +2B5(n) ][ (= 1)"L5(n) = L3(n) ]} . (27)
25 b AR R I R SR R S SR
1/01 x;=0 = 0’ M.t] xp=a = 0’ Vxl xp=a = O’ M}] y1=0 = 0’
Vyl‘”=0=0, wz‘;(z:O:Oa M.rz x2=0:0! sz X =a =Y,
sz xy=a = 09 My2 ‘yz=b2 = 0’ V)2 y2=by = 0’ wl ‘)1=b1 :wz ‘}'2=09 (28)
0w, B 0w,
ay? y1=b; ayi ¥2=0

¥ (5) FI=X (13)—(19) 33N E5 5 IS T3  A0 88 sR B3 28 45X (23) L (27) FRA K (28) i, T 45 13 41 5%

WL (m=0,1,2,--,M;n=0,1,2,---,N), 24 m,n 505 ERR M, N B, 07 DU 3 56T 13 4R A%

L(m) 1{(m) , J{(m) ,Ji(m) ,K{(n) ,Ki(n) ,Li(n) I5(m) ,J5(m) ,K3(n) ,K5(n) ,L3(n) ,Ly(n) B 6(M + 1)

+ T(N + 1) DFFREM T B AR B AL B R T8I0 0, REAT A5 20 45 B 6 A MR o, 205 500 %6

R (23) F1(27) o, PR R A S B AR A (S) |, B it 3K (29) ARAFHEA T M 1 IR 20 .
w,(x,y), 0=y <,

w(x,y) = (29)
Y w,(x,y = b,), b, =y=<b.

3 HLARVEA] A

T EAEARSCR AR IER M, 3R 1 44T CS-F-F-F JrARi B Tt 40 B A 4R wb’ Vph/D IS 53
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Table 1  Convergence study of the first 10 non-dimensional natural frequencies and wb? +/ph/D of CS-F-F-F square plates

M) mode

Ist 2nd 3rd 4th 5th 6th Tth 8th 9th 10th
10 2.759 7.541 18.21 26.79 28.53 51.14 55.05 63.68 67.75 89.96
20 2.769 7.547 18.23 26.80 28.57 51.15 55.12 63.74 67.77 90.03
30 2.773 7.548 18.24 26.80 28.57 51.15 55.14 63.75 67.78 90.05
50 2.775 7.549 18.25 26.81 28.57 51.16 55.16 63.75 67.78 90.07
100 2.771 7.550 18.25 26.81 28.58 51.16 55.17 63.76 67.78 90.08
150 2.778 7.550 18.25 26.81 28.58 51.16 55.18 63.76 67.78 90.08

200 2.778 7.550 18.25 26.81 28.58 51.16 55.18 63.76 67.78 90.08
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K245 TAFKIELLRY CS-F-F-F ARATE b, = b, Z1F T BYTC 5 40 [ A 45358 1 45 46 4 A FR T/ #r (R
I ABAQUS BPFA Y SAR BT, IS SN 0.002 Sa) AYICEAEE R LR SR A 25 % Hen] 80, XA [/ R
AR, A SCHY [ A R 3 5 2 5 AR W 5 R R R 1 AR SRS J7 0k B8 A3 0P RIS g 245 2R 1) et . 41 3
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Table 2 Non-dimensional natural frequencies of CS-F-F-F plates with different aspect ratios, with b, = b,

mode
a/b method
1st 2nd 3rd 4th Sth 6th 7th 8th 9th 10th
present 8.906 18.63 38.19 68.19 74.32 93.39 116.9 134.0 162.9 204.4
0.5 FEM 8.915 18.63 38.19 68.20 74.32 93.40 116.9 134.0 162.9 204.4
XU et al. [ 8.910 18.62 38.18 68.17 74.33 93.37 116.9 134.0 162.9 204.4
present 2.778 7.550 18.25 26.81 28.58 51.16 55.18 63.76 67.78 90.08
1 FEM 2.780 7.550 18.26 26.81 28.58 51.16 55.20 63.76 67.79 90.09
XU et al. [ 2.778 7.552 18.25 26.81 28.58 51.16 55.18 63.77 67.80 90.10
present 1.320 4,710 8.531 16.20 23.39 25.29 33.63 37.35 49.03 57.74
1.5 FEM 1.321 4,710 8.534 16.20 23.39 25.29 33.63 37.35 49.04 57.75
XU et al. [ 1.320 4,710 8.533 16.20 23.39 25.29 33.63 37.35 49.03 57.74
present 0.7672  3.413 4.923 11.19 14.10 21.71 23.26 28.12 31.15 36.46
2 FEM 0.7679  3.413 4.924 11.19 14.10 21.71 23.26 28.12 31.15 36.47
XU et al. [ 07672  3.412 4,923 11.19 14.10 21.71 23.25 28.11 31.15 36.46
present 0.500 4  2.659 3.224 8.344 9.362 15.89 18.13 22.94 25.61 28.03
2.5 FEM 0.5013  2.660 3.224 8.345 9.363 15.89 18.13 22.95 25.61 28.03
XU et al. [ 0.5004  2.658 3.223 8.344 9.362 15.88 18.13 22.95 25.61 28.04
present 03519  2.106 2.352 6.151 7.193 12.04 13.22 19.45 21.12 22.86
3 FEM 03524  2.107 2.352 6.153 7.193 12.04 13.23 19.45 21.13 22.86
XU et al. (4! 0.3519  2.106 2.352 6.150 7.194 12.04 13.23 19.45 21.12 22.86
present 02608  1.613 1.933 4.590 5.984 9.073 10.69 15.01 16.45 21.95
3.5 FEM 02613  1.614 1.934 4.591 5.984 9.075 10.69 15.01 16.45 21.96
XU et al. [ 02608  1.613 1.933 4.589 5.983 9.073 10.69 15.00 16.45 21.95
present 02010  1.252 1.670 3.541 5.143 7.008 9.058 11.65 13.66 17.42
4 FEM 02016  1.253 1.670 3.542 5.143 7.009 9.058 11.66 13.66 17.43

XU et al. [4] 0.200 9 1.252 1.669 3.540 5.143 7.006 9.060 11.66 13.66 17.43

mode 1 mode 2 mode 3 mode 4 mode 5

present

FEM
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Fig. 3 The first 10 mode shapes of CS-F-F-F square plates
4 N
4 2k e

ARSCHE YA A FRER Atk i i 2= R At AR 11 el I 3 TR A g AR A, LA v o L 9 30
SRR 5, HAASKAR T CS-F-F-F BUA R [ p I 3l 1, 23 M i A rp R FHBUR T8 2C R B A0S
AT SR AT SR A, B 0 i i P 2 P AR A 2 ) S R ) A T it AR S Y R B 1) B AR A O e A
fifp S5 RGN A BROT AT S SCRRES SR BT IR T RAF Tk A R B IR 45 R i R o8 | [l IR D A 36 45 26
WU DT IR ME T X8 PO AN SR J AT BRAR A8 45 5 38820 ik 9 75 12 A oK Figp aod o v 0 75 i ST 1B 8 it 1Y)
T, TR M IEAE 7 2 1 5 I8 AP T LIRS, D e — b A% BSR A 7 ik, nI N B AR AT
B8 T 2 TR LR g A S A 2 3t — o EL i

2 3% 3k ( References) .

(1] W SR AR R A E-F i 5 [ D] B2 738 30 K% KGEHTR#, 2018. (TIAN Yu. On the
symplectic superposition method for rectangular thin plates[ D ]. Master Thesis. Dalian; Dalian University of
Technology, 2018. (in Chinese) )

(2] 2, ERE. HEAIIREE R E s [J]. BRI 5, 2020, 41(8) : 877-886. (LI Ruoyu, WANG
Tianhong. Thermo-mechanical buckling analysis of thin plates [ J]. Applied Mathematics and Mechawics,
2020, 41(8) ; 877-886. (in Chinese) )

[3] k&, K3CHI, FAhk, % B T/ME Galerkin v RYHIE Mtk — R M AT [ J]. iz A= 972, 2023, 44(1) .
25-35. (ZHANG Lei, ZHANG Wenming, WANG Lin, et al. Secondary buckling analysis of thin rectangular
plates based on the wavelet Galerkin method[ J]. Applied Mathematics and Mechanics, 2023, 44(1) . 25-35.
(in Chinese) )

[4] XUD, NIZF, LIY H, et al. On the symplectic superposition method for free vibration of rectangular thin
plates with mixed boundary constraints on an edge[ J|. Theoretical and Applied Mechanics Letters, 2021, 11
(5): 100293.

[5] B, FAMT. FSUATE IR A i B FR3h i) Navier fi#:[J]. W1 R4, 1989, 16(1) : 104-114.
(WANG Lei, CAI Songbo. Navier’ s method for solving the problem of bending, buckling and vibration of all
edges simply supported quadrilateral plates[ J]. Journal of Hunan University, 1989, 16(1) ; 104-114.(in Chi-
nese) )

[6] THAI H'T, CHOI D H. Levy solution for free vibration analysis of functionally graded plates based on a refined
plate theory[J]. KSCE Journal of Civil Engineering, 2014, 18(6) ;. 1813-1824.

(7] T B ERERE WL LSR5 B AT [ D], WL s 3. R, BRI RE, 2016: 1-
26. (DING Pengfei. Optimization on structure strength of resistance spot welding of ultra high strength steel



#

PR IRE AR I M A R RS 1R A A BRAR A 4 it 1121

[10]
[11]

[12]

[13]
[14]

[16]

[17]

[18]

[19]

[20]

[21]

[ D]. Master Thesis. Shanghai; East China University of Science and Technology, 2016: 1-26. (in Chinese) )
ZIENKIEWICZ O C, CHEUNG Y K. The finite element method for analysis of elastic isotropic and orthotropic
slabs[ J]. ICE Proceedings, 1964, 28(4) :471-488.

BUCZKOWSKI R, TORBACKI W. Finite element modelling of thick plates on two-parameter elastic foundation
[J]. International Journal for Numerical and Analytical Methods in Geomechanics, 2001, 25(14) . 1409-
1427.

CHEUNG B Y K. Finite Strip Method in Structural Analysis| M]. London: Pergamon Press, 1976.
HENWOOD D J, WHITEMAN J R, YETTRAM A L. Finite difference solution of a system of first-order partial
differential equations| J]. International Journal for Numerical Methods in Engineering, 2010, 17(9) . 1385-
1395.

CHAKRAVORTY A K, GHOSH A. Finite difference solution for circular plates on elastic foundations[ J]. Inter-
national Journal for Numerical Methods in Engineering, 2010, 9(1) . 73-84.

BREBBIA C A. The Boundary Element Method for Engineers| M|. New York: Halsted Press, 1978.
PEREIRA WL A, KARAM V J, CARRER J A M, et al. A dynamic formulation for the analysis of thick elastic
plates by the boundary element method[ J |. Engineering Analysis With Boundary Elements, 2012, 36(7) :
1138-1150.

LIEW K M, HAN J B. Bending solution for thick plates with quadrangular boundary[ J |. Journal of Engineer-
ing Mechanics, 1998, 124(1) . 9-17.

LIU F L, LIEW K M. Differential cubature method for static solutions of arbitrarily shaped thick plates[ J]. In-
ternational Journal of Solids Structures,1998, 35(28/29) . 3655-3674.

ZHONG Y, SUN A M, ZHOU F L, et al. Analytical solution for rectangular thin plate on elastic foundation
with four edges free by finite cosine integral transform method [ J]. Chinese Journal of Geotechwical Engi-
neering, 2006, 28(11) ; 2019-2022.

ZHONG Y, WANG G X, SUN A M. Vibration of a thin plate on Winkler foundation with completely free bound-
ary by finite cosine integral transform method[ J]. Journal of Dalian University of Technology, 2007, 47(1) .
73-717.

ZHONG Y, YIN J H. Free vibration analysis of a plate on foundation with completely free boundary by finite
integral transform method[ J]. Mechanics Research Communications, 2008, 35(4) . 268-275.

LI R, ZHONG Y, TIAN B, et al. On the finite integral transform method for exact bending solutions of fully
clamped orthotropic rectangular thin plates[ J]. Applied Mathematics Letters, 2009, 22(12) . 1821-1827.
ZHONG Y, ZHAO X F, LI R. Freevibration analysis of rectangular cantilever plates by finite integral transform
method[ J]. International Journal for Computational Methods in Engineering Science and Mechanics, 2013,
14(3) . 221-226.

AN D Q, XUD, NIZF, et al. Finite integral transform method for analytical solutions of static problems of
cylindrical shell panels[ J]. European Journal of Mechanics A Solids, 2020, 83. 104033.

CHEN Y M, AN D Q, ZHOU C, et al. Analytical free vibration solutions of rectangular edge-cracked plates by
the finite integral transform method[ J]. International Journal of Mechanical Sciences, 2023, 243 108032.
KHALILI M R, MALEKZADEH K, MITTAL R K. A new approach to static and dynamic analysis of composite
plates with different boundary conditions[ J]. Composite Structures, 2005, 69(2) . 149-155.



