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Abstract :

This paper is concerned with the light-weight design of a center-pillar assembly for the high-speed side

impact of vehicle using advanced high strength steels(AHSS). Steel industries continuously promote the ULSAB-AVC
project for applying AHSS to structural parts as an alternative way to improve the crashworthiness and the fuel
efficiency because it has the superior strength compared to the conventional steel. In order to simulate deformation
behavior of the center-pillar assembly, a simplified center-pillar model is developed and parts of that are subdivided
employing tailor-welded blanks(TWB) in order to control the deformation shape of the center-pillar assembly. The
thickness of each part which constitutes the simplified model is selected as a design parameter. Factorial design is
carried out aiming at the application and configuration of AHSS to simplified side-impact analysis because it needs
tremendous computing time to consider all combinations of parts. In optimization of the center-pillar, S-shaped
deformation is targeted to guarantee the reduction of the injury level of a driver dummy in the crash test. The objective
function is constructed so as to minimize the weight and lead to S-shape deformation mode. Optimization also includes
the weight reduction comparing with the case using conventional steels. The result shows that the AHSS can be utilized
effectively for minimization of the vehicle weight and induction of S-shaped deformation.
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Fig. 1 Schematic description of US-SINCAP test
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Simplified center-pillar

Simplified MDB—

Fig. 2 Simplified center-pillar model and MDB
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Fig. 4 Selected design variables after the sensitivity analysis

Table 1 Initial sheet thickness and mechanical properties of
conventional steels
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Fig. 3 Flow stress curves of DP steels with the variation of strain rates
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Fig. 5 Target shape for the thickness optimization
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Method 2 & 3)

1 1.4 2.53279 (+1.13279) 1 2.42110 (+1.02110) 1
3 1.4 1.47201 (+0.07201) 2 1.42987 (+0.02987) 2
5 23 1.90156 (-0.39844) 3 2.73219 (+0.43219) 1
6 2.3 1.88330 (-0.41670) 3 2.47744 (+0.17744) 2
10 12 0.92457 (-0.27543) 2 1.64509 (+0.44509) 1
11 2.8 1.50266 (-1.29734) 3 2.46092 (-0.33908) 3
12 1.6 1.43755 (-0.16245) 2 1.57651 (-0.02349) 3

* Thickness change with weight constraint (method 2): Set3 < - 0.3mm, - 0.3mm < Set2 < 0.0mm, 0.0mm < Set!
* Thickness change without weight constraint {method 3): Set3 < 0.0mm, 0.0mm < Set2 < 0.3mm, 0.3mm < Setl
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Table 3 Results of factorial design - Method 1 (height from the floor)

1 (L,1,1) | 0.41387 | 11412 | 141.79 | -21.09 15 (2,2,3) | 0.04057 | 12749 | 155.85 6.34
2 (1,1,2) | 0.10515 | 124.61 144.68 - 7.1 16 0.10373 | 116.39 | 146.01 -14.6
3 (L,L1,3) | 0.05832 | 132.11 153.90 9.01 17 0.03841 | 128.89 | 156.81 8.70
4 (1,2,1) | 0.13981 | 11439 | 142,60 | -20.01 18 0.04824 | 12521 153.95 2.16
5 (1,2,2) | 0.07970 | 126.33 148.92 -1.75 19 0.12680 | 114.17 | 14333 | -19.50
6 (1,2,3) | 0.06174 | 12847 | 152.39 3.86 20 0.05780 | 12527 | 151.51 -0.22
7 (1,3,1) | 0.14561 | 112.89 | 14236 | -21.75 21 0.03750 | 130.07 | 156.86 9.93
8 (1,3,2) | 0.07853 | 12632 | 149.04 - 1.64 22 0.09979 | 116.61 146.30 | -14.09
9 (1,3,3) | 0.07034 | 123.41 150.63 -2.96 23 0.04083 | 126.80 | 155.52 5.32
10 (2,1,1) { 0.11681 | 115.11 14425 | -17.64 24 0.05177 | 123.92 | 153.23 0.15
11 (2,1,2) | 0.05753 | 125.51 151.63 0.14 25 0.12629 | 112.63 144.65 | -19.72
26 0.04060 | 128.74 | 156.04 7.78
13 (2,2,1) | 0.10318 | 116.12 | 146.10 | -14.78 0.05214
14 (2,2,2) | 0.04751 | 126.56 | 154.16 3.72

1 (L,I,1) | 0.15036 | 113.69 | 14122 | -22.09

2 (1,1,2) | 0.12281 | 11592 | 14410 | -16.98

3 (1,1,3) | 0.12853 | 115.54 | 14348 | -17.98 17 (2,3,2) | 0.04700 | 127.37 154.38 475

4 (1,2,1) | 0.04609 | 130.78 156.59 10.37 18 (2,3,3) 1 0.05086 | 124.40 | 15339 0.79

5 (1,2,2) | 0.04765 | 127.77 155.59 6.36 19 (3,1,1) | 0.14238 | 113.52 141.35 | -22.13
6 (1,2,3) | 0.05775 | 128.03 153.61 4.64 20 (3,1,2) | 0.10953 | 115.76 154.10 -7.14
7 (1,3,1) | 0.04807 | 128.79 | 15522 7.01 21 (3,1,3) | 0.11017 | 116.35 14470 | -15.95
8 (1,3,2) | 0.05910 | 126.48 153.24 2.72 22 (3,2,1) | 0.07321 | 12128 149.37 -6.35
9 (1,3,3) | 0.06271 | 12412 152.43 -0.45 23 (3,2,2) | 0.03768 | 128.24 | 156.65 7.89

10 (2,1,1) | 0.13643 | 114.48 14158 | -20.94 24 (3,2,3) | 0.04711 | 12720 | 154.29 4.49

11 (2,1,2) | 0.12619 { 114.09 14357 | -19.34 25 (3,3,1) [ 0.04056 | 128.87 | 155.80 7.67

12 (2,1,3) | 0.11212 | 115.85 144.64 | -16.51 26 (3,3,2) | 0.04308 155.20 5.34

13 (2,2,1) | 0.04021 | 127.22 155.41 5.63 27 (3,3,3) | 0.04472 4.99

14 (2,2,2) | 0.03673 | 128.15 156.81 7.96
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(LL1)

112.30

1 0.16300 14032 | -24.38 15 (2,2,3) | 0.04245 | 12559 | 15530 3.89
2 (1,1,2) | 0.04140 | 134.21 159.21 16.42 16 (2,3,1) | 0.08747 | 118.36 | 148.01 -10.63
3 (1,1,3) | 0.03763 | 133.63 159.68 16.31 17 (2,3,2) | 0.04670 | 124.05 154.46 1.51
4 (1,2,1) | 0.12753 | 118.11 14222 | -16.67 18 0.04946 | 12433 | 153.81 1.14
5 (1,2,2) | 0.09272 | 129.16 | 146.75 -1.09 19 0.12504 | 113.01 144.83 -19.16
6 (1,2,3) | 0.06945 | 126.63 150.08 -0.29 20 0.02563

7 (1,3,1) | 0.12466 | 118.15 | 142.69 | -16.16 £

3 (1,3,2) | 0.09382 | 12327 | 146.12 -7.61 22 0.09135 | 117.45 147.63 -11.92
9 (1,3,3) | 0.08397 | 127.05 | 147.65 -2.30 23 0.03976 | 130.87 | 157.28 11.15
10 (2,1,1) | 0.12610 | 112.70 | 144.90 -19.4 24 0.04166 | 125.91 155.35 426
11 (2,1,2) ] 0.02611 | 130.17 | 160.65 13.82 25 0.09287 | 117.14 | 147.48 | -12.38
12 (2,1,3) | 0.02358 | 129.39 | 161.02 13.41 26 0.04395 | 127.65 154.88 5.53
13 (2,2,1) | 0.09183 | 11745 147.75 -11.80 0.05047

14 (2,2,2) | 0.04628 | 127.64 | 154.62 526
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Fig. 7 Comparison of deformed shapes
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Table 6 Results of the thlckness optlmlzatlon

149.56
(H1234) | (+19.53) | (+1749)
15289 | 16395 | 158.77
(+7.19) | (+1825) | (+13.07)
12411 | 13392 | 127.86
(+3.08) | (+12.89) | (+6.83)
0.04933 | 0.02775 | 0.02619
(-0.08858) | (-0.11016) | (-0.11172)
6.309 6.309 5.781
(-6.13%) | (-6.13%) | (-13.99%)

Head (137.22

Rib (145.70

{Pelvis [121.03

0.13791

6.721

Table 7 Optimum design and regulated thicknesses

1 14 253279 | 251598 (2.5)

3 14 147201 131936 (13)

5 23 1.90156 1.84388 (1.8)

6 23 1.88330 179619 (1.8)

10 12 092457 071158 (0.7)

1 28 1.50266 141567 (14)

1 16 143755 120161 (1.2)
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Fig. 8 Comparison of deformed shapes of full vehicle analysis

Table 8 Results of full vehicle analysis

Optimum | 128.16 | 145.73 | 153.87
design | (+8.12) | (+8.68) | (+16.30)

124.03 | 142.84 | 154.34
(+3.99) | (+5.79) | (+16.77)
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