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Nonlinear dynamic response of umbrella membrane

structure under hail load
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Abstract: This paper investigates the vibration response of umbrella shaped tensioned membrane structure
under the impact of natural disasters and other external loadings, and provides the basis for the damage analysis
of actual membrane structures. Based on von Karman's large deflection theory and thin plate vibration theory,

the nonlinear dynamic response control equation of umbrella shaped tensioned membrane structure under hail
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load is established. Bessel function and Euler equation are used to obtain the mode function, and KBM

perturbation method and Galerkin method are used to solve the governing equation to obtain the approximate

analytical solution of its dynamic response. The equations are solved by Mathematics software, and the data are

sorted out. The time history displacement diagram of membrane surface after forced vibration is drawn by Origin

drawing software. ANSYS software is used to establish the finite element model of umbrella shaped membrane

structure; then, the dynamic process of hail impacting on the film surface is simulated by LS-DYNA display

dynamics module, and the dynamic response of the film surface is obtained. In the same way, the displacement

diagram is plotted, and the data results of the sorted theory and numerical analysis are compared and analyzed.

The results show that the theoretical and numerical results are more consistent.
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Fig.1 Elevation and top view of umbrella film
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Table 1 Properties of umbrella tension film material

h/ o/ E/

g B E,/ MPa ¥
mm  (gem ?) MPa
SHELL41 1 950 1.4X10°  0.9x10° 0.34
SOLID185 900 53 53 0. 30
Link10 7 850 1.5%10° 53 0. 30
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Fig.5 Process of displacement changes of impact point on membrane surface
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Fig. 6 Time-history displacement of the film surface under hail impacut with different particle size
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Fig.7 Variation trend of displacement after hail impact

with different particle size
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Table 2 Comparison analysis of theoretical and

numerical results

WAk EEAR A
@em  GE/mm gm0 R
1.7 2.28 2.58 0.30 13.15
2.5 4.34 4.13 0.21 4.83
3.0 6.19 6.69 0.50 8.07
4.5 14.03 14.96 0.93 6.62
6.0 19. 25 21.42 2.17 11.27
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Table 3 Experimental data analysis of ice hockey with

different sizes impacting film surface

VKERFLAE /cm £ B WA/ mm
1.7 1.99
2.5 3.54
3.0 5.45
4.5 11.03
6.0 16. 81
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Fig. 8 Umbrella shaped membrane surface with

four sides splicing
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