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1
Boltzmann [4. 3] s _ von Kirmiin
l6l
4
e = “w— [w,f]- q=0
x Q a
{.-"‘7+e+[w,w]/2= 0 (w7 1) ¢ * (0. 10), (12)
w= Aw=0f= N=0 (x,y,t)ean[O,tO], (1b)
w=f=0 (x,y,1) € Qx[- 00,0)* (1c)
Ble 0= {(x,y):O Sx L0 Sy <1},an {(x, y):x
=0,1l;y= 0,1},[ ,w f , q , e
[w.f] S w.wf. = 20.wf o+ wyf w, - Boltzmann
a(t) = b(t)= a(0)b(t)+ aXt)* b(t) =
o(0p()+ | Byt
* . s (lb)
_ Tit chmarsh 141,
2
21 Galerkin
_ (1) , Galerkin , wf q
w(x,y,t)= i;_;wlj(t)sin(iT[x/l)sin(jT[y),
flwy i) = 20 2 5(t)sin( T/ 1sin(jTy), (2)
a(x.y. 1) = 20 Dugs(t)sin i/ 1)sinjTy ).
s wi(t) fi(t) . qi(t)
w(0)= [ [ gt v, vsingimes 1psinmy ey (3)
m=n=1 (2) (1),
g(t) == Te(t) = u’(1), (4)
Ce(t) = u(t)+ Tu(t)[e(t) = u(t)]— r(t) = O,
B= 320/30, C=7n'(1+ "%)% T = B/(2C), s
T = Bz/(2C), u= Wu g= f1, r= qu* ()
22

(4)



{g(O) =— Tu’(0)/2, u(0)+ Ri(0)u(0)+ Ro(0) = O,

1 ¥ (6)
Ro(0) == T 'r(0), Ri(0)= T C*
(4) .
1 [3]
' d f d,
st = [ecr- v &umat v = Je- v Ly, (7)
e(t) Prony
e(t) = L_;eiexp(— atr), ap= 0, L_:Z(:,ei: 0 (8)
Atg = tg— tg-1, g= L2, -.up, t, =1, to= 0, (9)
(7)
S(tp) = eo(u(t,)= u(0))+ eS|,
(10)
V()= eolu(t) = w(0))+ Db},
S67 = v = 0, p= 0 07 = exp(— whs),
Sy = sl + f pl= (= T d%[um]df p 2L o)
v’ = v f el iy T Lrdyat o >
(11) 1
(11)
d u(tq) = u(te-1) Au( tq)
dT[u(T)] - tg — tg-1 - Atq t E (tq_l’ tq)’
i 2 _ i _ u(tq)+ u(tq—l) Au(tq) _
(D= 2u(Y (D] = 2 5 Ay (12)
u’ q) — u’ g Au® q
o= Al, el qut) TE (141, 1)
(4 (10) (1) (12).
g(ty) == T e(4,)u’(0) + eof u’(1,)— u*(0)] +
;‘,ei[%"vﬁﬂw ai'(1- oY) ALA(;LZ]} (13)
(1) + Ri(p)u(t,)+ Ro(p) = O,

k -1t
Ri(p) =- T7'C+ |:eo+ _;ei %@1:—)} {[e(lp)— eo]u2(0)+
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; o (= 8P,
Zei by Vp-1- ’
i=1

a At

- )]
e {[e(tp)— o] *(0) +

o _ Y
Zei[lbl()”sl(*l—)l_ (1 Lbl’ )u’(t/’_l)i|_ C_lr(é))}.

k
Ro(p) = - T1C|:€o+ [;ei

i=1 a; Aty

2

¥t—T)=— ®(t)b1(T) =- [erexp(auit)][ tiexp( 1T)/*
(14 (4b),

cu- @1L¢1(T)u(r)dﬂ+ T u* - %ﬂ%(r)uz(T)dT}_ = 0
(15) @\ @ #0),

M u ! u3 i ) .
&= [ovunats r[S- uf ovimad- £ o
(16) .

_uspl— u® ] |:3u2u>P1— u3‘%
= G|+ 7|

{e(t) = eo+ erexp(— Qit), e+ er1= 1,

3
C_ ‘-P% "P% - <b1u -
y <P _
u>.[)¢1(T)u2(T)dT]— %: 0
(17) 1,

Cli%%1— u®— Fbiu]+
T[3u2u>P1- G- P’ - cﬁu{ocbl(r)ﬁ(r)dr]_

(PP -r®)= 0
Leibnitz (18)
t €70, + o) , uwXt) ZO
(18)

Yi= u, y2= %Iﬁﬁ(ngfUdl
(18)
Cy®i— y1®- Py + T(3yiyr9- yi % -
Pbiyi— PpAyr) - (PP1- 1Y) = O
(4) (21
Fi(yny2)yx= Fo(y1),

Fi(yny2) = C+ T(3yi- y2),

(14)

(15)

(16)

(17)

(18)

(19)

(0)

(21)

(2)



Fo(y1) =~ Careoyr — Tareoyi + r> aire
(20) (22),(4b)

1= Fi'(yi,y2) Fo(y1),

2= (eyi- y2) ai, ()
Leibnitz , (4a)
S g+ T (2udt ojeou’) = 0° (24)
. Y3= 8, (200 (23) (24, (4
= Fi'(yny2) Fo(y),
y2 = (ely%— y2) at, (25a)
3= aiys— T (2y1p3+ dieoyi)*
. ()
y1(0) = u(0), y2(0) = 0, y3(0) =~ T'u’(0), (2b)
. u(0) . (6) .
, t + % . r¥t) r(t) , = y2=y3= 0,
yi(+ )+ Ri(+ ) yi(+ %)+ Ro(+ o) = 0 (26a)
ya(+ ) = eryi(+ o) = e(0)yi(+ o),
{y3(+ %) = = T'eoyi(+ ) == T'e(+ )yi(+ oo); (0
Ri(+ o) = CT" '~ [Taie(+ )] 'D lim(®+ ai)),
Ro(+ ) == [Taje(+ )] ' lim (P ar)* )
(26) (27) , ,
; . . (260 (27) ,
, (8) .
, eo= 0.5 a1=0.06,¢q(t)= qoH (t),l= 1° 1
, qo= 1, Aty
1, (25) Runge K utta Merson . (w89 (wt”, F&)
1 2 Galerkin , Er(? Er™
. w'® Levy ,
[5]°
1 , , . ,
10 °, ,
‘ Galerkin

? ’



2 go= 6000, At,= 1 , . 1
P 5
1 q(t) = H(1)
w® w (% 10-3) Er(”/(%) w(x 10-3) Er“"/(%)
0 4 060 000 4.160 643 2. 478 891 4 160 643 2.478 891
10 5112278 5.238 771 2.474 298 5239 004 2.478 &5
20 5 89182 6.037 712 2. 476 091 6 037 873 2.478 84
30 6 469 327 6.628 467 2. 475373 6 629 689 2.478 804
40 6 897 125 7.067 919 2. 475 905 7. 068 117 2.479 177
50 7 214 092 7.392 83 2. 478 357 7392912 2.478 759
60 7 448 887 7.633 48 2. 477 69 7633 526 2.478 746
70 7 622 827 7.811 785 2. 478 844 7811777 2.478 739
80 7. 751 68 7.943 89 2. 479 241 7. 943 829 2.478 725
90 7 847 146 8.041 620 2. 478 276 8 041 655 2.478 722
100 7. 917 865 8. 114 100 2. 478 382 811412 2.478 711
200 8 109 936 8.311 033 2. 479 637 8 310 958 2.478 712
300 8 119 49 8.320 808 2. 479 327 8 320757 2.478 699
400 8 119975 8.321 M7 2. 476 263 8 321 245 2.478 702
500 8 119 99 8.321 M7 2. 475 960 8 321 269 2.478 94
2 q(t) = 6000H(t)
we? wg” - f& - fEr
0 7. 7719 347 7.779 348 8.175 707 8.175 709
10 8. 578 751 8.579 750 7.870 25 7.870 284
20 9. 110 237 9.111 665 7.669 165 7. 668 404
30 9. 469 930 9.471 570 7.525 205 7.524 457
40 9. 716 618 9.718 015 7.420 042 7.419 111
30 9. 886 874 9. 888 104 7.342 362 7.341 613
60 10. 005 08 10 006 11 7.285 389 7.284 758
70 10. 087 43 10 088 27 7.243 784 7.243 274
& 10. 144 95 10 145 61 7.213 589 7.213 181
0 10. 185 18 10 185 70 7. 191 803 7. 191 473
100 10.213 35 10 21375 7.176 156 7.175 889
200 10.277 58 10 277 60 7.138 785 7.138 772
300 10.279 4 10 279 44 7. 137 646 7. 137 647
400 10.279 50 10 279 49 7.137 611 7.137 614
500 10.279 50 10 279 50 7.137 611 7.137 613
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A Time Domain Method for Quasi_Static Analysis
of Viscoelastic Thin Plates

ZHANG Neng hui, CHENG Chang_jun
(Shan ghai Institute of Applied Mathematics and Mechanics; Department of
Mechanics, Shanghai University, Shanghai 200072, P R China)

Abstract: Based on the Boltzmanni s superposition principles of linear viscoelastic materials and the
von Klrm{in’ s hypotheses of thin plates with large deflections, a mathematical model for quasi static
problems of viscoelastic thin plates was given. By the Galerkin method in spatial domain, the origina
integro partial differential system could be transformed into an integral system. The latter further was
reduced to a differential system by using the new method for temporal domain presented in this paper.
Numerical results show that compared with the ordinary finite difference method, the new method in
this paper is simpler to operate and has some advantages, such as, no storage and quicdker computa-

tional speed etc.

Key words: viscoelastic thin plate; von Kumin' s hypothesis; Galerkin method, quasi_static re-
sponse; direct method; integro differential equation



