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Abstract Automobile seat crossbeams play an important role in ensuring the living space of passengers in a collision
accident. The reasonable filling design may effectively improve the safety performance of automobiles. Based on the characteristics
of high specific energy and light weight of aluminum foam three different kinds of composite structure composed of foamed
aluminum and thin-walled steel pipe were designed and filled into automobile seat crossbeams. The bending and compressive
properties of the filled seat crossbeams under three-point bending and axial compression were studied by finite element simulation
and then the best filling scheme was optimized. The results show that the bending and axial bearing capacity of the filled seat
crossheam are improved by 193. 6% and 241. 4% respectively compared with the original one and the effectiveness of filled seat
crossheams to improve the crashworthiness of vehicle is proved by the side impact simulation.
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Fig.2 Three filling schemes for seat crossheams
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Fig.1 Schematic diagram of an automobile seat crossheam

structure and its installation position
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Fig.5 Comparison of simulation and experimental deformation

of foamfilled square tubes
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Fig.3 Finite element models
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Fig.4 Plastic stress-strain relation of aluminum foam with a

relative density of 0. 1 under quasi-static compression
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Fig.6  Comparison of simulation and experimental data of

foamfilled square tubes
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Fig.7 Stress and deformation of unfilled seat

crossbeam under three—point bending

under different roller displacements
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Fig.8 Stress and deformation of unfilled seat crossheam under

different axial displacement

9
Fig.9 Unfilled seat crossheam
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Fig.10  The stress and deformation of seat crossbeams with

different fillers when roller displacement is 50 mm
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Fig.11 Seat crossbeams with different fillers
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Fig.12  Axial bearing force-displacement curve of a filled seat

crossbeam of scheme 3 under axial compression
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Fig.13  Deformation of filled crossheams of scheme 3 with different

thick steel tubes when displacement is 100 mm
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Tab.1 Mechanical response of filled seat crossbeams of scheme

3 with different thick steel tubes

Bending performance Axial bearing performance
L
thickness Jl?ve(r;lge Bending Avf:gé P Axial bearing % 14 3
enang anng ; hanical responses of the filled seat crossheams of
force /KN improvement/ % force /KN improvement/ % Fig.14  Mechanical responses of the filled seat crossheams of
scheme 3 with different thick steel tubes
Unfilled 18 N .36 B B
1.0 mm 17.49 143.6 111.08 182.3 162.9 . N
1.1 mm 18.85 162.6 103. 14 162. 1 162.3
1.2 mm 20. 14 180.5 130. 56 231.7 206. 1
1.3 mm 21.08 193.6 134.38 241. 4 217.5
1.4 mm 22.05 207. 1 98.39 150.0 178.6
1.5 mm 22.88 218.7 101. 26 157.3 188.0
1.6 mm 23.85 232.2 103. 12 162.0 197.1
3 . 1 400 kg
50 km/h
15,
AY 3
N 16, 30 ms
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Fig.15 Simplified finite element model of vehicle chassis

collision simulation

OQ
7.5 ms
10. 23 m/s; 20 ms
; 3
7.79 m/s 15 ms
17a. 30 ms
70 mm 38.3% 17b.

16 20 ms
Fig.16  Deformation of seat beam under high speed

impact at 20 ms
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Fig.17  Vehicle floor under high speed impact
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