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Abstract:
coordinate, a generalized conforming principle and projection technique with variable 8 €[0,1]. The element

A 4-node plane parameterized element named AQGP6-1 is constructed based on quadrilateral area

performance has been tested by four numerical examples and compared with many famous elements. The results
show that: when 8 =0 the element degenerates into its original formulation with all excellent performances;
when § =1 the element can accurately pass strong patch test, its performance is same as that of many famous
elements and significantly better than a bilinear-displacement quads isoparametric element (Q4); when 8 =0.5
the element is both well insensitive to distortion and convergence speed. It has also provided a useful method to
alleviate a finite element trouble (The 4-node element has poor performance in bending problem but can pass the
strong patch test. Conversely, it has excellent performance in bending problem but cannot pass the strong patch
test).

Key words: quadrilateral area coordinate; generalized conforming; 4-node quadrilateral element; patch test;

mesh distortion; finite clement
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Fig.4 Congant stress/ strain problem for patch test
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Table 2 Results of Cook’s skew beam

O4max OBmin

o 2x2 4x4  8x8  16x16  2x2 4x4 8x8  16x16 2x2 4x4 8x8 16x16
Q4 11.85 1830 2208 2343  0.1032 0.1784 02219 02351 -0.0845 —0.1444 —0.1843  —0.1996
Q6 2294 2348 2380 2391 02029 02258 02334 02361 -0.1734 —0.1915 -0.1997  —-0.2028
QM6 2105 23.02 — - 0.1928 02243  — - ~0.1580  —0.1856 - -
P-S 2113 2302 — 2388  0.1854 0.2241 - 0.2364 - - - —

QE-=2 2135 2304 — 2388  0.1956 0.2261 - 0.2364 - - - -

B 4E 2135 2304 — 2388  0.1956 0.2261 - 0.2364 - - - —
AQGB6- I (5=0) 23.07 23.68 2387 2393 02035 02281 02352 02365 -0.1787 —0.1989 —0.2023  —0.2035
AQGB6- I (B=1) 2074 2299 23.69 2388  0.1950 02265 02348 02364 —0.1449 —0.1866 —0.1987  —0.2025

AQGB6- I (8=0.5) 2157 2321 2374 2390  0.1978 02262 02347 02364 —0.1601 —0.1917 —0.2002  —0.2029
SHfR 23.96 0.2362 —0.2023
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Table3 The deflections and stresses at sel ected | ocations for
bending problems of a cantilever beam

i M P
Va SxB Va SxB
Q4 457 -1604.1 50.68 -2152.9
Q6 98.4 -2428 100.4 -3354
QM6 96.07 - 2497 97.98 -3235
P-S 96.18 -3001 98.05 -3899
QE-2 96.5 - 3004 98.26 - 3906
B -4E 96.5 - 3004 98.26 - 3906
AQGP6- I (5=0) 100.0 - 3000.0 101.9 - 4046.1
AQGP6- I (5=1) 95.7 -3003.9 97.9 -3944.0
AQGP6- 1 (5=0.5) 99.1 -3008.1 1005 - 4004.2
A 100.0 - 3000 102.6 - 4050
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Table4 The normalized results of the tip deflection for beam
using different meshes

g P M
@ OB © @ @O ©
Q4 0.093 0.035 0.003 0.093 0.031 0.022
Q6 0.993 0.677 0.106 1.000 0.759 0.093
QM6 0.993 0.623 0.044 1.000 0.722 0.037
P-S 0.993 0.798 0.221 1.000 0.852 0.167
PEAS7 0.982 0.795 0.217 1.000 0.887 0.165

AQGP6-1 (5=0) 0993 0.994 0.994 1.000 1.000 1.000

AQGP6-1 (f=1) 0993 0.848 0.221 1.000 0.887 0.164

AQGP6- I (5=0.5) 0993 0.946 0.388 1.000 0.964 0.327
i 1.000° 1.000"
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