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Gurtin s Gurtin

, Gurtin

1 DQ

Lagrange .
g(x,y) »y , x €[~ L1 [01]) y€[-1,
/(¢ [0,1]) , x Ny sy Ny ,
g(xtgy])(L: 1927 ) Nx,] = 1’27 "‘:Ny) > xi(xlz_ 1 O; XN = 1)7
yilyr==1 0,yv = 1) ; Lagrange g(x,
y),
/'\ /“'
g(x,y) = ZZg(m,m ri(x)*si(y). (1)
l— j—
g(x’y) X n g%n)(xa y) (xi’ y]) ’g(x’y) ¥y m
gy (x,y) (xi, %)
(xl,y,)— ZC( )'g(xz,, ¥i), n= 1,2 -, Ne— 1, (2)
g (xiyy) = 200 g(xioye).  m= 12 Ny- (3)
ri(x)  si(y) % y Lagrange ,
M(x) }
i = s = 1727 LI ) X 4
r(x) (x_ xi).M(l)(xi) 2 3 N ( )
N N
i) = o= w) mewy = I cxi- ). (5)
si(y)  ri(x)
(h) (2) (3 (4) (5). ci’, e
M(l)(x-)
Ci = vy | Zk 6
k (xi_ xk)‘M(l)(xk)’ v ) ( )
( -1 A1 ci"
Cit’ = nl CVeci - =—|,  i#Zk n= 23 - Ne- 1, (7)
Xt — Xk
ci=-  Dc, n=1,2 N 1. (8)

k=1 iZk
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C.I(’;n : ci

¢ ¢ Q T

Plx, t)* d(x,t) = J.:) Plx, T)db(x,t- TdT.

D fw+ Phwn = flx,y,1t), (9)
4 4 4
w(x v, t) ax4+ 2afzg}y2+ STT/Z
&= x/a, N= y/b, a, b X,y
D.w+ Pon= f(E T 1), (10)
4 1 0% 1 otw Lfi
. w(ér]?t)— 4a£4+ 253 b a£2arl+ b a£4
’D 7p 7h ’f(x7y7t) >
w
w(E N0) = wo, %ﬂt(g n0) = vo. (11)
(10) t (11),
D fw* i+ Qo= f* t+ Pwo+ hiwo. (12)
3
(10) w 9]
N, N
w(E N 1) = D0 DY AuncosPust + BunsinPuad + Tuu(1)]* bun( & T, (13)
m=1n=1
’ d)mn(g I'[) ’ Tm"(t) (10) ’ ’ Tm"(t) = O’
0 ,B, 0O 0 ,A, O. ,
, A,= B,= 0. F(EMN, 1) = Q(& N)esinar, T.(t)
Duhamal
T (t) = J‘;sin WlesinPp(t— T)odT=
1 . w .
Im(smwt— asumnt). (14)
(smowx = 1 )
To(t) = P%(l— cos Pt ), (15)
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}\%m
Pmn: 2 Q (m;n: 17 27 3> )7 (16)
JEEN)

X a/ b R s Poisson s
[12-14].

2 . m2 n2
)\mn = ((lJT) _2 b .

X,y Nx,N ) 1l
w(&, 1, 1) = ZZTM(U §n  (i= L2 Nesj=12 Ny, (17)
s N, Na , G s T (L) ( 0
0) .
cosPmnt (wo= 0),
Sil’lpmnl (1)0 = O),
T 1) = | 55=(1= cosPuat) (FE 1) = f(E M), (18)
leﬁ[w— }%siannt] (&M= Q5 Nesinw).

4 DQ

(17) (18),
(12) , X N“" > Y N?’ s
st meNn ([17 L2, --s leXN")y NxXNyXmeNn
, (20) DQ
{ ZC(‘” Z E',Tm(tg)* t* S +

o Zzwcm S St 1

m=1 n=
LS S S 0 ). glm_zm_zrm,w o =
&, t)* ty+ Pl + (i)
(i= 1,2 Ny j= 1,2, sNy g= 1,2, -u Ny, (19)
S DQ
(19)
C*S8= F, (20)
8 , C , (19) , F , (19)
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cosPt™ t = PLZ(I— cos Pt ),
. * _ A _ Siannj
S]an”'t t_ PII’HL P,znn ’
|
* — —_
1% ¢t = zt.
(19)
S(1= cosPot) ( V)
1 [ltz 1 }
- (1= cosPput) ,
Ton(1)% 1= { Pal 2" Pl ( J
1 €t sin & W t sin Pmnt
Przrm_ (*)2 w_ (*)2 —Prm mn,_ P%m
( ):
0 ( ( 0)),
12
FE =492 ( )
oy
(&, ru[ —gz] ( ).
4 8 \ (20) i= 1,
) (Nx_ l)nya,].: 15 27 (N}’_ l)aNy 8me Nn DQ
[9]_
62
E=0&=1 ,w=0, a%;: 0,
M- 0n=1 ,w=o0 2%
2 2 2 arl
DQ
8 = 8= 0 ZC(”-w(% ) = 0, anz (G Na)= 0 (2l
8= = 0 2L w(E ) = 0, ZC”’A cw(&, 1) = 0, (2Ib)
i: 1927 "ENx;jz 1725 "'9N)’; g: 1729 -~~,me Nn'
2 (20)7 67
(17) : Lagrange )
N,
W& = 2 D%(E % (& (). (2)
1= J=
5
1 , a= 40 cm, b= 40 cm, t= 1cm,
E= 15 GN/ent, Poisson M = 0.333 3, P= 0.008 kg/cm’, wo =
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0. Isin(Tx/ @ )*sin(Ty/ b ) (cm), vo= 0,

2 , a=50cm, b= 50cm,
g = 0.3sin(800¢ )(N/cm) . 0, 1,

3 R g=1 N/ em’ ,

0, 2,
4 R 3,
4 . L,
, I; ,
I; ,
2 )
234, N,= 11, N,= 11, Nm= 3, N,= 1,
3.

B (a) O ®6 Ne= 13,Ny=13 , Np= LLN,= I;N,= 2N,
=1, Nuw=3,N,= 2 ORGIONG) Nn= 2, N,
=1 , Ne= ILNy= 1L Ne= 15N, = 15 N.= 17,N, = 17 Ne= 19,N,= 19

1 1
t/s
w/ an
0. 002 0.010 0.022 0. 40 0. 062
~9.915 948 081 0x 10-2 — 7.968 521 936 7x 10-2 — 1.430990305 1x 10~ 2 — 8.542 574 102 8 10~ 2 6.367 435 481 9x 10~ 2
@©  -9.95%981505% 0-2 — 7.968521 926X 10-2 — 1.430990315 1x 10~ 2 — 8.542 574 162 7x 10~ 2 6.367 435 526 6x 10~ 2
@e/ (%) - 7.02E- 7 -7 @E- 7 - 7.02E- 7 - 7.01E- 7 -7.06-7
@  -9.915%81323x 10-2 — 7.968521 9779x 10-2 — 1.430990 312 5x 10~ 2 — 8.542 574 146 9x 10~ 2 6.367 435 514 8x 10~ 2
@e/ (%) - 5.17E- 7 -5 UE- 7 ~ 5.17E-7 - 5.17E- 7 -5.0E-7
®  -9.9159481294x 10-2 — 7.968 521 990 1x 10-2 — 1.430990396 2x 10~ 2 — 8.542 574 041 6x 10~ 2 6.367 435 657 9x 10~ 2
@ e/ (%) - 4.TIE- 7 -3 6lE- 7 ~ 1.50E- 7 — 2.80E- 7 3.06E- 7
@  -9.9159392118x -2 — 7.968 514 809 3x 10~ 2 — 1.430989 025 2x 10~ 2 — 8.542 566 462 0x 10~ 2 6.367 429786 7x 10~ 2
@e/ (%) 8. ME- 5 8. ME- 5 8. ME- 5 8. ME- 5 8. ME- 5
®  -9.95 M8 080 7x 10-2 — 7.968 521 936 5% 10~ 2 — 1.430990305 0x 10~ 2 — 8.542 574 102 5% 10~ 2 6.367 435 481 7x 10~ 2
B/ (Yoo) 2. 10E- 9 2.09E- 9 2.08E- 9 2. 12E-9 2. 12E- 9
®  -9.915 M3 081 0x -2 — 7.968 521936 6x 10~ 2 — 1.430990 305 1x 10~ 2 — 8.542574 1027 10- 2 6.367 435 481 9x 10~ 2
® e/ ( %) - 2.02E- 10 - 2.436- 1 - 3.156- 10 - L.38E- 10 — 1.48E- 10
@ -9.915 948081 0x 10-2 — 7.968 521 936 6x 102 — 1.430990305 1x 10-2 — 8.542 574 1027 10~ 2 6.367 435 481 9 10~ 2

@ e/ (%) - 6.67E- 12 1.65E- 11 5.71E- 1 — 431E- 11 - 3.76E- 11

BLAA(b)

WA (c)

£ - 1= cos/(i— )W (N:= 1)] - L2 N,

2 >
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Convolution-Type Semi- Analytic DQ Approach for
Transient Response of Rectangular Plates

PENG Jian- she””, YANG Jie’, YUAN Ywquan', LUO Guang bing'
(1.School of Physics and Electronic Information, China West Normal University,
Nan chong, Sichuan 637002, P.R. China;
2.Chengdu University , Chengdu 610106,P . R . China;
3.School of Aerospace,Mechanical and Manufacturing Engineering,

RMIT University , PO Box 71, Bundoora, VIC 3083, Australia;
4.School of Science,Sichuan University of Science &Engineering,

Zigong , Sichuan 643000, P .R . China)

Abstract: The convolution type Gurtin variational principle is known as the only variational principle,

that is, from mathematical point of view, totally equivalent to the initial value problem system. The e-
quation of motion of red¢angular thin plates was first transformed to a new governing equation contain-
ing initial conditions by using convolution method. A convolution-type semd-analytical DQ approach,

which involves differential quadraure (DQ) approximation in space domain and an analytical series
expansion in time domain, was proposed to obtain the transient response solution. This approach of
fers the same advantages as Gurtin variational prindple and at the same time, is much simpler in the
calculation. Numerical results show that it is very accurate, yet computationaly efficient for the dy

namic response of plaes.

Key words: convolution; transient response; differential quadrature method; semi analytical method



