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Abstract : In this paper, optimization for frontal crashworthiness is carried out for the weight reduction design of an
auto-body member with the advanced high strength steels(AHSS) such as 780TRIP and 780DP. The frontal
crashworthiness is evaluated in order to optimize thicknesses for the front rail member of the ULSAB-AVC.
Thicknesses of the front rail member with AHSS are optimized by comparison of crushing distance, absorbed energy
and the deceleration for the auto-body with the response surface methodology. The results demonstrate that the
crashworhiness of the front rail member with the optimum thicknesses of the AHSS is similar to analysis results
obtained from the ULSAB-AVC project. The results also show that the weight reduction design is performed by
substituting the AHSS for conventional structural steels such as 440E in the auto-body members.

Key words : Frontal crashworthiness(? @ %543 %), ULSAB- AVC(Ultra Light Steel Auto Body-Advanced Vehicle
Concept), AHSS(Z 377} = 7)), Response surface methodology( 52 3 '8 Y), Weight reduction design(73d 3 2 A))
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Fig. 4 Deformed shape obtained from frontal crash analysis
of the ULSAB-AVC
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Fig. 5 Energy absorption characteristics of important members
during the frontal crash analysis
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Fig. 7 Dynamic stress-strain curves of the DP500/800 steel
' with various strain rate level used in the ULSAB-AVC
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Table 1 Results of frontal crash analyses for the auto-body
with 440E steel in the front rail member

Case ) @ ® @ ®

t 4 (mm) 2.0 2.0 2.0 2.1 2.1

tpmm) | 21 | 20 | 19 | 18 | 19
AE (%) 11.64 5.34 6.68 6.13 5.05
dpor (mm) | 6398 | 6415 | 6452 | 6359 | 6322
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Fig. 11 Overlapped response surfaces of AE and dinax for the
crashworthiness optimization of the front rail
member with the 440E steel
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Fig. 12 Deceleration curve for an auto-body with 440E steel
in the front rail member and comparison with
ULSAB-AVC procject
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Fig. 14 Overlapped response surfaces of AE and dmax for the
crashworthiness optimization of the front rail
member with the 780TRIP steel

Table 2 Results of frontal crash analyses for the auto-body
with 780TRIP steel in the front rail member

No. ) @ &) @ ®

t 4 (mm) 1.5 1.5 1.6 1.6 1.7
tp(mm) 1.5 1.4 1.4 1.3 1.3
AFE (%) 4.99 1.64 4.44 1.46 6.73
d . (mm) | 6568 | 658.3 | 647.0 | 6572 | 644.4
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Table 3 Results of frontal crash analyses for the auto-body
with 780DP steel in the front rail member

No. ) Q@ ©) @ ®

t 4 (mm) 1.4 1.5 1.5 1.5 1.6

tpmm) | 15 | 15 | 14 | 13 | 13
AE() | 824 | 393 | 429 | 565 | 649
Oy (mm) | 6573 | 635.1 | 6463 | 6585 | 629.5
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Fig. 17 The deceleration curves for an auto-body with
780DP steel in the front rail member and comparison
with ULSAB-AVC project
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Table 4 Comparison of weight reduction ratio for the front
rail members with optimum thicknesses

No. DP500/800| 440E | 780TRIP | 780DP
t 4 (mm) 1.5 2.1 1.6 15
tp (mm) 13 1.9 1.4 14
Weight (kg) 8.449 12235 | 9.080 | 8957
Weight reduction
ratio (%) 30.94 - 25.79 26.79
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