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Empirical Data Driven Model Reduction for Membrane Space Structure
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It is essential to estimate the behavior of membrane space structures by numerical analysis because the ground experiment is
difficult. However, for numerical analysis, the nonlinear structure dynamics particular to these structures and the necessity of
iterative calculation like the Newton method are affected, so that the computational cost becomes high. Therefore, in this paper,
we propose using data driven model reduction in which past measurement data are used to improve the calculation cost. This
model reduction techniques first reduce the spatial complexity by exploiting knowledge of model’s spatial behavior. Then by
exploiting knowledge of system temporal behavior and forecast accurate initial value of iterative calculation such as Newton
method, temporal complexity is also reduced. We applied this method to nonlinear finite element analysis method based on EMM

and confirmed the effectiveness of this method as the number of iterative calculation decreases.
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Fig. 3 Membrane Model(Modeled By Cabale Net Model)
Table 1 Parameters of the membrane model

Young modulus[GPa] 30
Density[kg/m®] 1.42x10°
Cross sectional area[m*] 1.0x10°
Compressive stiffness 1.0x1072
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Table 2 Cumulative contribution ratio

Dimension Cumulative contribution ration
number [%0]
1 51.782
5 90.458
10 98.270
17 99.921
20 99.970
32 100
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Fig. 5 Node B displacement of X-axis ( Full : Red, ROM : Black)
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relative error = absolute error x 100 / Tfull

Table 3 Error rate
Absolute error [m] Relative error [%]
X Y X y
0.0078 0.0108 1074 1613
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Table 4 Total number of iterative calculations

Full model Reduced order Reduced order
model(17 Dimension) model(forecast)
1181 1166 559
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