. 2% 8 (2005 8 )
Applied Mathematics and Mechanics

1 1000.0837(2005) 08_0929_08

R, EKF

(1. , 230009;
2. , 511483)

( TR 4 75)

? s

TU13; 0302 A
1964 (4 ,
. [4]
Reissner ,
( )
[5]
Helliger_Reissner
(e) = V[_ % 's + "(Luy)- W' (L' )] dv, (1)
5 S 5 L 5 uq 5 u
2004 04 16; ;20050329
(1964 ), , s s ( .Tel: + 86.551_3248344; Fax: + 86_

5512848037 ; E_mail: cdztai@ 163. com)
929



930

(o) _ V[_ % 'S+ T(Lugy- (L' )'(L' )] do,

A1) (3 3 (H

No= gl (e (1 )



931

x . Ni 0 O]«

yo= 0 Ni 0|<¢yir, (6)
J 0 Tlo o wlla

x= ao+ a1 + a2 + a3z + a4 + as + ae + a7 ’

y= bo+ by + b2 + b3 + bs + bs + be + b7 (7)

z= co+ cC

+ ¢c2 + ¢33 + c4 + c¢5 + ¢6 + c¢7

T 0
= |: x y z yz xz xy] = o+ h= P = [PO Ph] 5 (8)
h
T
0= [ 1 2 3 4 5 6] = Py o, (9)
, ng= 3 8= 24, nc= 6,
no= 24— 6= 18  [6] 18
= o+ P11+ Pya2+ P33+ Pys= P, (10)
1 7 10 13 16
0= , 1= 8(, 2= 1ne, 3= 140, 4 = 17(,
6 9 12 15 18
_ [ T
- X Yy V4 yZ .74 x}‘ 2
[PL P, P; PJ-=
[ ]221 .]321 2j21j3l .]ZZZ 0 0 .1323 O 0 0 0-
it 0 0 ik i% Yidn 0 i% 0 0 0
0 it 0 0 i 0 it i% Ypxs 0 O
0 0 .Ilzl 0 _jzisz _jl?jﬂ 0 _ij33 _jllj:B 0 0 0
O _j11j3l _jllj2l O 0 .]222 _j13j33 O _jzxf33 O 0 0
-_j11f21 0 _jl]j3l _jl?jZZ 0 _jZZiSZ 0 0 .]323 0 0 0-
. 5
JH Bl
_1 . . .
a1 b1 ey Ju Jji2 Jji3
~-1 1 . . .
Jo=|a by ¢ = ——|ju j2 jn (11)
[ Jol
az by ¢ J31 J32 J3
du di dn
J'= D= |dy dn dx|,

ds dn ds



932

_x —| |l dn—+ dp —+ diz —
_y = J X —({da—+ do—+ dn—{:
- | |ds —+ dn 7+ dyn —
- 0 o0 0 - —
x z Y
LT: O - 0 - O =
Y z X
o 0 — — — 0
L z Yy X -

dii O 0 0
Di = 0 doi 0 ds
0 0 d3 do

(e) _ [_lT T
= > S +

2(LT )T(LT )_

0
T 0
L = DiPy 1+ D 0
LT = D2P> 2+ D>
T 0
L = D3P3 3+ D3 0
(15  (16)  (17) (14)

(o _ Lo TG -
=5 Hy, + G

d3i  dai
0 du
dii O

(Luq) -

1(LT )T(LT )_

s(L" )L )]dv,

0 0
0
4= A 1+DP14,
0
03
0 0
0
4= A2 2+ DP2 4,
033
0
= A DP
0 4 3 3+ 3 4
0; 3
i "Hi - 2 'Hi - 3 "H,

(12)

(13)

(14)

(15)

(16)

(17)



933

H . TG, (18)

“yo=0
- H'G, K= GH'G,
H= Ho+ 2 1Hi+ 2 2Hi1+ 2 3H1,

: . S V. Hs
Ho= P'spdo= ([Pl P.J"S[Po1 PJydv = a1

0 6 (L3 0 0 0 0
H1: —_— 5 HIZ — , H]: — ,
026 Higp 0 Hi 0 Hi

AlAT 0 0 AIDP 0 0 0 0
— 0 0 0 — 0 A4, 0 AIDP,
Hi= dv, Hi = dv,
v 0 0 4 0 0
DP|DP DP; DP
0 0 0 0
_ 0 0 0
Hi=—, Alas Abpps |1
DP3DP
0 0 0 0
DPi = Di—Ps= Di 8 0 = |0 du 01,
0 - 0 0 di
diz 0 0 |
(19)
DP> = D>—Ps= o o0 0|,
0 0 d32_
[dis 0 0
DPi= Di—Ps= | 0 dn O;
L 0 0 «a
[oL" )'L" )+ L™ )L™ )+ 5(L" (L' )] ()
1 2 3 s
1) y(i= 1,23) ,
2) (10) ,



934

4) (14) 1 )
2] 2
V| L
A= KE—ZL—Q} , (21)
IT= 1k= ai+ bi+ ci; l5= 1G= a3+ bi+ o3
3= li= a3+ b3+ cx L= (1w Ic+ LP/3
(21) , INIGLFV .
# s
# : V= 8INGE INIGLF 3 (
2) 2 9 b
#
3
, 18B _ Irons 18B ;18B _ [ 6] 18B
( (10) );Qs 8 ;18B _ #
P S S 4 .
3
1 3 R 1# A B D
a b d 123 ( , JE
= 1500, L= 0.25), 1 .ue C «x ve €y ,Ri A
x R #
1
Uc V¢ R Ry Rep Ryp Ryp Ry
Qs -4.01 14. 57 297. 05 - 1554.00 14.19 - 974.15 160. &4 - 506. 10
18 _ - 5.57 -27.4 839. 65 - 181172 502. 58 - 1426.97 438. 18 - 1058.19
18p_ -6.55 - 3R.RN 1 668. 88 - 139318 1 441.24 - 1251.25 328.49 - 1900. 4
18 _ » 6.70 - 33.58 953. 95 - 1901. 98 804. 04 - 1703.53 709. 4 - 138.08
- 6. 667 - 33.17 900. 00 - 1900. 00 700. 00 - 1700.00 550. 00 - 1440.00
2 4 , s



935

' 23 23 1I®m1 IR2 TR3
o 50 -rsT
. 500 75T 1
o3 W o
b2 03 2 . L3 (E:lsgti:o.zs)
4 4 5
1.3333= w7, u9= 1.6667= uy,un= 2.3333= uj, Ru= Re= Ri.= R = 100010
) # 2, 3 24
2
2 3
vy Ryl Ry2 vy Ry Rx2
Qs 16. 86 798.81 -509. 12 10. 88 542.50 - 148.32
18p_ 23.17 1 449.04 -929.19 14.26 1023.22 - 557.81
185 _ 26. 53 1 679.53 - 909. 01 16.31 1188.47 - 55.74
18B_ , 28. 62 1 867.26 - 1251.07 18 15 1 373. 29 - 763. 80
36. 00 1 875.00 -1 125.00 21.38 1371.10 - 780. 47
Rei Re2 1,2 (N=0G= 0,F=0);mu A z #
3 5 , , g=1
, # 4 @4, 0.4, E = 10. 92@106,
L= 0.3 3, St
3 we Rec
Qs 18B_ 18B_ 18B_
w 0.242@10° 0.557 @103 0.549@107 3 0.577@10°° 0.59@10° 3
> 8.273 6.59 13.043 14.325 13.860
1 2 3 s
#
, #
I8SB_ ,
) )
# )
, #
[ ]

[1] Pain T H H. Derivation of element stiffness matrices by assumed stress distribution[ J]. AIAA J,
1964,2(2):1333) 1336.



936

2] Pain T H H, Chen D P. Alternative w ays for formulation of hybrid stress elements[ J]. Internat J] Nu—
mer Meth Engrg, 1982, 18(11) : 1679) 1684.
[3] Pain T HH.Sumihara K. Rational approach for assumed stress finite elements| J]. Internat J] Numer
Meth Engrg, 1984, 20(9) : 1685) 1695.

[4] , , . [J]. ,1986,15(31): 1142) 1144.

[5] . [J]- ,1991,14(1): 86) 95.

[6] , . [J. ,1988,5(2) : 10) 20.

[7] , - m1. - ,1997.

[ 8] WU Chang_chun, Bufler H. Multivariable finite elements: consistency and optimization| J] . Scien ce in

China,Ser A, 1991, 34(2):284) 299.

Application of Penalty Function M ethod in Isoparam etric

Hybrid Finite Elem ent Analysis

CHEN Dao_zhengl, JIAO Zhao_ping2
(1. College of Civil and Architectural Engineering, Hefei University of Technology,
Hefei 230009,P .R. China;
2.Panyu Vocational Techndogy College, Guangzhou 511483,P . R . China)

Abstract: By aid of the penalty function method, the equilibrium restriction conditions were intro-
duced to the isoparametric hybrid finite element analysis, and the concrete application course of the
penalty function method in three_dimension isoparametric hybrid finite element was discussed. The
separated penalty parameters method and the optimal hybrid element model with penalty balance were
also presented. The penaty balance method can effectively refrain the parasitical siress on the
premise of no additional degrees of freedom. The numeric experiment shows that the presented ele-
ment not only is effective in improving greatly the numeric calculation precision of distorted grids but

also has universality.

Key words: hybrid element; equilibrium restriction condition; penalty function method



