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Abstract Thin-walled tubes have been widely used as energy absorbing devices because they are light
and have high energy-absorption efficiency. However, the downside is that conventional thin-walled
tubes usually exhibit an excessive initial peak crushing force (IPCF) and a large fluctuation in the
load-displacement curve, and thus lack stability as energy absorbing devices. Corrugated tubes were
introduced to reduce IPCF and to increase the stability of collision energy-absorbing devices. Since the
performance of corrugated tubes is highly influence by geometry, design optimization methods can be
utilized to optimize the performance of corrugated tubes. In this paper, we utilize shape design
optimization based on an adaptive surrogate model for crashworthiness analysis. The amplitude and
wavelength of the corrugation, as well as curvature changes in the features, are the design variables. A
morphing methodology is adopted to perform shape design parameterization. Through numerical
examples, we compare optimal design results based on the adaptive surrogate model, with optimal
results based on conventional surrogate models, and we show that direct optimal design methods

produce more efficient results.
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Where, A denotes amplitude of corrugation, B
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denotes wavelength of corrugation, Z denotes

length of tube, K denotes curvature of

corrugation
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Fig. 1. The geometry of corrugated tubes
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Fig. 2. The geometry of corrugated tubes with various K
(a) K=10.0 (b) K=1.0 (c) K=0.1
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Fig. 3. Finite element model of a corrugated tube
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Fig. 4. Comparison of mean crushing force between
analytic and FEA solution
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Fig. 5. Shape design parameterization using morphing
(a) Parameter A (b) Parameter W (c) Parameter K
(d) Parameter D
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Shape design optimization
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Fig. 6. Flowchart for performing shape design optimization
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Table 1. Comparison of R-square values at different
sample points

Sample points 30 50 70 100
SEA 0.945 0.964 0.969 0.979
IPCF 0.987 0.986 0.988 0.991
ULC 0.657 0.745 0.773 0.842
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Table 2. Comparison of surrogate model based
optimization results at different sample

points

Sample points 30 50 70 100
Surrogate 8.36 8.57 9.14 9.15

SEA FEA 8.93 8.42 8.64 8.92
Error (%) 6.39 1.81 5.79 2.52

Surrogate 70.31 70.26 70.29 70.22

IPCF FEA 73.95 67.15 71.70 70.71
Error (%) 4.91 4.63 1.97 0.69

Surrogate 0.159 0.161 0.160 0.161

ULC FEA 0.142 0.143 0.160 0.140
Error (%) 12.05 12.36 0.15 14.76
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Fig. 9. Comparison of optimization results : Design
variables

Table 3. Comparison of optimization results :
Output responses

Adaptive Conventional Surrogate Model
Sample Points 50 30 50 70 100
SEA(/g) 9.05 8.93 8.42 8.64 8.92
IPCE(N) 69.75 73.95 | 67.14 | 71.70 | 70.71
ULC 0.161 0.142 | 0.143 | 0.160 | 0.140
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