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Abstract : This paper is concerned with optimum design of a center-pillar assembly induced by the high-speed side
impact of the vehicle. In order to simulate deformation behavior of the center-pillar assembly, simplified finite element
model of the center-pillar and a moving deformable barrier are developed based on results of the crash analysis of a full
vehicle model. In optimization of the deformation shape of the center-pillar, S-shaped deformation is targeted to
guarantee reduction of the injury level of a driver dummy in the crash test. Tailor-welded blanks are adopted in the
simplified center-pillar model 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. The thickness of parts which have significant
effect on the deformation mechanism are selected as design parameters with sensitivity analysis based on the design of
experiment technique. The objective function is. constructed so as to minimize the weight and lead to an S-mode
deformation shape. The result shows that the simplified model can be utilized effectively for optimum design of the

center-pillar members with remarkable saving of computing time.

Key words : Side impact(ZH%5), Simplified center-pillar model(¥t<= Al E]
shape(S & ¥ & 34, Response surface method( 43 % ™), Crashworthiness(ZE 4 )
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Fig. 6 Comparison of the deformed shape between the full
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Table 1 Initial Thickness and material property(static)

Variable Thickness | Material | E y oy Ou
(mm) Name | (GPa) (MPa) | (MPa)

1,2,3 1.4 SPRC35| 207 | 029 | 197 | 350
4 3.7 SAPH38} 207 | 0.29 | 268 | 380
5,6 2.3 SPRC35| 207 | 0.29 | 197 | 350
7,8 2.0 SPRC35 | 207 | 029 | 197 | 350
9,10 1.2 SPRC35| 207 | 0.29 | 197 | 350
11 2.8 SPRC35| 207 | 0.29 | 197 | 350
12 1.6 SAPH38| 207 | 0.29 | 268 | 380
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minimize Y, (1— yi)2 Q)
i=1 14

subject to 125.00mmm < y,
14570 mm < y,
m < 0.95m;

where y; : distance of the target from seat centerline
yp :distance of the pelvis from seat centerline
yr :distance of the rib from seat centerline

i :point number (n=13)

m; : initial mass of the selected parts
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Fig. 15 Comparison of the deformed shape after optimization

Table 2 Thickness changes in each variable

After optimization
. Before
Variable . w/ mass w/o mass
optimization . . .
number (mm) constraint constraint
(mm) (mm})
1 1.4 2.53279 242110
3 1.4 1.47201 1.42987
5 23 1.90156 2.73219
6 23 1.88330 2.47744
10 1.2 0.92457 1.64509
11 2.8 1.50266 2.46092
12 1.6 1.43755 1.57651
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Table 3 Result of the thickness optimization

After optimization
Before w/ mass w/0 mass
Result L . R
optimization constraint constraint
(mm) (mm)

Distance | Head |137.22|149.56 (+12.34) [ 150.50 (+13.28)
from the

Rib [145.70] 152.89 (+7.19) | 159.39 (+13.69)

seat
centerline | Pelvis |121.03 | 124.11 (+3.08) | 127.95 (+6.92)
o 0.04933 0.03629
Objective 0.13791 (:0.88580) (-0.10162)
6.309 7.628
Mass 6721 (-6.13%) (+13.50%)
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optimal thickness

Table 4 Result of full car analysis with the optimal thickness

Analysis model | Head | Rib | Pelvis
Simplified

center-pillar

Variation of the
distance from the

+12.34 | +7.19 | +3.08

seat centerline Full car +16.99 | +5.00 | +7.44
1200 :
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— 1000 h
E il
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= 0\ —a— Regulation thickness
£ !
3 200 :
= :
o] |
L T

T T T 1
0 100 200 300 400 500
Distance from the seat centerline (mm)

Fig. 17 Comparison of the deformed shape
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Table 5 Result of full car analysis with regulation thickness

Regulation Head Rib Pelvis

Variation of the Before +16.99 | +5.00 { +7.44
distance from the

seat centerline After +14.00 | -0.02 | +4.59
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