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Abstract Corrugated tubes are widely used in energy-absorbing devices because the initial peak load is
low, and the stability of the device is high. Since the performance of corrugated tubes depends on the
shape, the performance can be improved by applying an optimal design technique. In this study, shape
design optimization based on crashworthiness analysis was performed, and the results were verified
experimentally. The diameter and thickness of a corrugated tube and the amplitude and wavelength of
the waveform were considered as design variables. An optimal design problem that maximizes energy
absorption was constructed with peak crush force as a constraint. Using a metal 3D printing technique,
a corrugated tube was manufactured from 316L steel, and static and dynamic compression tests were
performed. The reliability of the developed optimal design technique was confirmed by showing that the
simulation results and the experimental results were similar. In addition, through a comparison of static
and dynamic compression tests, it was confirmed that the crash behavior varies depending on the impact
speed.
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y= g—i—Asin(%) (0<z<1L) 0))

Where, D denotes diameter of corrugated tube, A
denotes amplitude of corrugation, W denotes
wavelength of corrugation, £ denotes length of
corrugated tube
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Fig. 1. The geometry of corrugated tube
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Fig. 2. Finite element model of a corrugated tube
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Fig. 3. True stress-strain curve of 316L steel
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Table 1. Optimization results of design variables

PCF= t(mm) A(mm) W(mm) D(mm)
40kN 2.0 3.6 18.4 63.2
80kN 3.0 3.4 21.8 53.5

Table 2. Optimization results of crashworthiness criteria

PCPF= EAK]) MCFkN) PCF(N) CFE
40kN 2.86 38.15 40.16 0.95
80kN 5.77 76.95 80.32 0.96
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Fig. 5. Comparison of static test and simulation FD
curves

Table 3. Comparison of crashworthiness criteria
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» ; 40kN_Test 2.66 35.5 37.3 0.95
Fig. 4. Corrugated tubes manufactured using 3D 80KN_Test 569 756 806 0.94
printing 40kN_Sim 2.86 38.0 40.0 0.95
80kN_Sim 5.79 76.8 80.8 0.95
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Fig. 10. Deformation shape of static and dynamic test
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