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Table 1 Displacements u; at point A (load case 1)
mesh Os,,, Qs , present exact
a 100.0 100.0 100.0 100.0
b 89.0 92.2 96.9 100.0
c 78.8 81.4 91.6 100.0
d 77.0 77.0 85.7 100.0
e 92.2 92.9 98.3 100.0
R2 MBMNS oy (A1)
Table 2 Stresses o, at point B (load case 1)
mesh Os,,, Qs , present exact
a -3 000.0 -3 000.0 -3 000.0 -3 000.0
b -2 619.5 -2 710.8 -2 853.7 -3 000.0
c -2327.2 -2413.1 -2635.2 -3 000.0
d -2 348.0 -2 348.0 -2 654.0 -3 000.0
e -3 006.6 -3 015.1 -2998.1 -3 000.0
R3 A AWN uy (HfF2)
Table 3  Displacements u; at point A (load case 2)
mesh Os,,, Qs , present exact
a 96.1 95.9 101.0 102.6
b 86.5 89.5 98.4 102.6
c 78.7 81.5 94.5 102.6
d 78.5 78.4 89.0 102.6
e 94.1 94.9 102.3 102.6
x4 S BN oy (B 2)
Table 4 Stresses o, at point B (load case 2)
mesh Os,,, Qs , present exact
a -3375.0 -3375.0 -3 205.8 -3375.0
b -2925.6 -3024.8 -2979.1 -3262.5
c -2 847.6 -2 950.0 -2 869.1 -3375.0
d -2735.0 -2 7357 -2 821.0 -3 150.0
e -4125.3 -4 138.2 -4 108.1 -4 050.0
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Table 5 The computational efficient

method ref. [ 8] present
time t /s 2.88 1.98

43 EAMBEARST
FIREE SN S AEYZ A R[0°/90°] U RS a = b = 1.0,k = 0.10, FToEHHIHHE
BHE, =25Ey = 25E,,,G, = Gy = 0.5E,,Gy, = 0.2E 5y =y, =py = 0.25. 0 KK N —
X i1 [ S — X R S v, = 0,a BF, u, =u, =uy =050, =0,b B}, 0, =u, =u, = 0. MR LFMH
Jiti i 2 L) B A2 p = 1.0sin(wa/a) sin(wy/b) , FEREH 3 AN AN J1 5354 0. 4 DAY
(4 DRAR RS 4350 R 6x6x 12 ,8x8%12,10x10x 12, 12x 12x 12 K& i i 1 SCiik[ 16].
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Table 6  Displacements and stresses of a composite laminate

variable 6x6x12 8x8x12 10x10x12 12x12%12 exact! %] & error /%0
u(a/4,b/2, h) -0.978 -0.983 -0.977 -0.977 -0.976 0.10
uy(as/2, b/2, h/2) 0.642 0.646 0.647 0.648 0.649 0.15
a(a/8, b/2, h/2) 1.644 1.775 1.655 1.582 1.592 0.63
ayu(a/2, b/2, h/2) 0.644 0.645 0.645 0.645 0.64 0.78
a,,(a/2, b/2,0) -4.783 -4.734 -4.720 -4.714 -4.653 1.31
(a8, 0,0) 0.211 0.216 0.216 0.218 0.221 1.36
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fiff , BRZEARAE S BVE B 2 N, I HL S A% RS FEBORUBE IR, o n] DUAS 21 n] 332 Y 2528
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Improved Noncompatible Generalized Mixed
Elements and Performance Analysis

ZHAO Zhiqin, QING Guanghui
(College of Aeronautical Engineering, Civil Aviation University of China,
Tiangin 300300, P.R.China)

Abstract. The coefficient matrix of traditional mixed elements has zero values on the principle
diagonal. The most prominent feature of noncompatible generalized mixed elements is that they
avoid this problem. Thus, the convergences of the displacement and the stress are stable. Com-
bined with the enhanced assumed strain ( EAS) method, a new type of 8-node noncompatible
generalized mixed elements was established based on the minimum potential energy principle
and the H-R variational principle. The element retains all the advantages of existing noncompati-
ble generalized mixed elements. Meanwhile, the integral calculation is more simple. Numerical
examples show that, the improved noncompatible generalized mixed element gives highly accu-

rate results, and has a faster computation speed and less sensitivity to the geometric distortions.

Key words: minimum potential energy principle; H-R variational principle; enhanced assumed
strain; improved generalized mixed element
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