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Joint Simulation of Crashworthy Train Set

Based on Finite Element and Multi-

body Dynamic

WANG Wenbin'-?, KANG Kang', ZHAO Honglun'

(1. Railway & Urban Mass Transit Institute, Tongji University,
Shanghai 201804 . China; 2. Department of Rail Vehicles, Institute of
Sea and Land Transportation Systems, Technical University Berlin,
Berlin D-10587, Germany)

Abstract: Based on non-linear finite element and multi-body
dynamics, a simulation strategy is developed to solve the
sets. The

relationship of non-linear springs which describe characters of

crashworthiness design problem for train
forces-displacements for energy absorbers during crash event
is obtained by analyzing non-linear FEA techniques. Then, a
simulation was made for collision of two train sets with multi-
body dynamics. The results of impact force, deformation,
velocity, acceleration and absorbed energy are analyzed to
assess the passive safety of whole train set. Compared to the

high velocity impact, the medium and low velocity impact can
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be absorbed a higher proportion energy by the interface
between cab and the second vehicle. The results indicate that
the joining simulation strategy is feasible and effective to

simulate the whole process of train collision.

Key words: train set; non-linear finite element; multi-body

dynamic; joint simulation; crashworthiness
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Fig.1 Force-displacement character of

crashworthy vehicle
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Fig.2 Train crashworthiness design flowchart
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Fig.3 Crashworthy FEA model of cab car
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Fig.4 Impact force-crush characteristics of cab car
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Fig.5 The absorbed energy of anti-climber

and deformation
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Fig.6 The absorbed energy of cab and deformation
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Fig.7 End of middle car structure crash model
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Fig.8 The crash model of train sets
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Fig.9 Connection of the middle cars
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Fig.10 Interfaces of train sets force-time histories
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Fig.11 Deformation of train set interfaces

—a— A1%B1i
—e— A1ZEA2¥5
—a— A% Al

-500

0 0.1 02030405 0.60.70809 10
t/s

B 12 Al FEHinaEb g X B T/ B i8] A 2
Fig.12 Deformation-time histories of the Al car end

absorbed structure

7 ot
6
oo &A‘
i 3 [ )
), >
Lo
NI

t/s

13 JEZSFHUEREE
Fig.13 Train sets velocity-time histories

after collision
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