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Fig. 3 Schematic diagram of the uniform axial force Fig. 4 Schematic diagram of the uniform bending moment
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Fig. 5 The periodic hemispherical convex plate shape Fig. 6 The hemispherical convex unit shape
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Table 1 Effects of R on the equivalent stiffness

representative unit size

FEM w, /m  theoretical solution w, /m error € /%
l/m R/m t/m
0.05 0.005 0.001 1.431x1073 1.423x1073 0.562
0.05 0.007 5 0.001 1.291x107? 1.279%x1073 0.939
0.05 0.01 0.001 1.149%x1073 1.131x1073 1.59
0.05 0.012 5 0.001 9.45x107* 9.75x107* 3.77
0.05 0.015 0.001 7.39x107* 8.09x107* 8.65
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Table 2 Effects of [ on the equivalent stiffness

representative unit size

FEMw, /m  theoretical solution w, /m error & /%
[/m R/m t/m
0.03 0.01 0.001 2.31x107* 2.54x107* 9.05
0.035 0.01 0.001 4.09x107* 4.25x10™ 3.76
0.04 0.01 0.001 6.16x10™ 6.28x107* 1.91
0.045 0.01 0.001 8.74x107* 8.63x107* 1.27
0.05 0.01 0.001 1.149%x1073 1.131x1073 1.59
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Table 3  Effects of ¢ on the equivalent stiffness

representative unit size

FEM w, /m theoretical solution w, /m error £ /%
l/m R/m t/m
0.05 0.01 0.001 5 3.57x107* 3.41x107* 4.69
0.05 0.01 0.002 1.55x107* 1.47x107* 5.44
0.05 0.01 0.002 5 8.18x107° 7.70x1073 6.23
0.05 0.01 0.003 4.86x107° 4.57x107° 6.34
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Table 4 Comparison between the equivalent plate solution and the finite

element solution under different boundaries

representative 4-side fixation adjacent-side fixation 1-side fixation 2 opposite simply

unit size wy, /m wy, /m wy3 /m supported sides wy, /m

equivalent plate  FEM  equivalent plate = FEM  equivalent plate FEM  equivalent plate =~ FEM
[/m R/m t/m

solution solution solution solution solution solution solution solution

0.04 0.01 0.001 9.46x107* 1.063x1072 6.112x107" 5.477x107" 5.341x107" 4.852x107" 4.27x1072  4.64x107>
0.045 0.01 0.001 1.397x1072 1.480x107% 8.181x107" 7.533x107" 8.451x107" 9.216x10™' 5.78x107% 6.34x1072
0.05 0.01 0.001 1.816x1072 1.955x1072  1.0626 9.926x10™' 1.1152 1.206 7.58x1072  8.27x1072
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Study on Equivalent Stiffnesses of Orthotropic
Hemi-Spherical Convex Plates

LIU Hang, DU Guojun, FENG Yan
( Key Laboratory of Mechanical Reliability for Heavy Equipment and
Large Structure of Hebei Province, School of Civil Engineering & Mechanics ,
Yanshan University, Qinhuangdao, Hebei 066004, P.R.China)

Abstract: The hemispherical convex plate was periodically divided into representative unit
structures. Firstly, the stiffness characteristics of representative units were studied, and the e-
quivalent stiffness of the hemispherical convex plate was obtained by means of the deformation
equivalence principle, the homogenization procedure and the stiffness combination method.
Then the 3 principal stiffnesses were brought into the theoretical solution of the 4-side simple
plate to solve the plate center deflection. The finite element numerical simulation solution and
the theoretical solution were compared and analyzed to verify the accuracy of the theoretical
principal stiffnesses. The effect of the material dimensions of the representative units on the e-
quivalent stiffness was then discussed. As the ratio of the length of the representative unit to the
convex radius increases, the accuracy of the theoretical results will improve, and the equivalent
stiffness formula is applicable to hemispherical convex plates of different thicknesses. Finally, a
relatively simple engineering application formula was given with the approximate range of the

convex radius based on several examples.

Key words: convex plate; deformation equivalence; representative unit; stiffness equivalence;

finite element simulation



