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Abstract

With the increasing global interest in carbon neutrality, the automotive industry is also transitioning to the production of eco-friendly cars,
specifically electric vehicles. In order to achieve comparable driving distances to internal combustion engine vehicles, the application of
high-capacity battery packs has led to an increase in vehicle weight. To achieve light-weighting and durability requirements of automotive
components simultaneously, there is a demand for research on the application of Ultra-High Strength Steel (UHSS). However, when
manufacturing chassis components using UHSS, there are challenges related to fracture defects due to lower elongation compared to
regular steel sheets, as well as spring-back issues caused by high tensile strength. In this study, a simulated specimen that is not affected by
the property changes of four materials was designed to improve formability of the rear cross member, which is the most challenging
automotive chassis component. The influence and correlation of material-specific variables were analyzed through finite element analysis
(FEA) for each material with tensile strength of 440, 590, 780, and 980 MPa grades, resulting in the development of a predictive equation.
To validate the equation, the simulated specimens of 980 MPa grade were produced from the test molds. Then the reliability of the FEA and
predictive equation was verified with measured specimen data using a 3D scanner. The results of this study can be proposed to improve the

formability of UHSS chassis components in future researches.

Keywords : Ultra-high strength steel (UHSS), Design variable, Rear cross member, Full factorial design, Formability
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Fig. 1 Structure of rear cross member
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Fig. 2 Design simulated specimen of NO.2 member
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Table 1 Material properties of each material

Material 440 1.6t | 590 1.6t | 780 1.6t | 980 1.6t
K (MPa) 823.6 995.5 1166 1550
n(-) 0.185 0.162 0.113 0.115
& (=) 0.0083 0.0023 0.001 0.001
I 0.806 0.795 0.789 0.894

?4_ T
blank
lower die —

OP 10 Preforming

z
>

OP 20 Forming
Fig. 3 Finite element modeling for process OP10~OP20
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Fig. 4 Comparison of thickness reduction(thinning)
from FE results after metal forming: (a) 440
MPa~(d) 980 MPa
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Fig. 6 Comparison of thinning by each material properties: (a) Thinning of ¢,

Table 2 Objective function and constraints

Min F(x) =1,

Object Function
Min F(x) =¢,

110 < Profile R, R (mm) < 130
51 < Flange Height, H (mm) <55
76 < Width, W (mm) < 80

Constraints

160 < Trim line angle, o (° )< 170
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Table 3 Full factorial design
Case Parameters Case Parameters Case Parameters
R H w o R H w o R H w o
1 110 51 76 160 28 120 51 76 160 55 130 51 76 160
2 110 51 76 165 29 120 51 76 165 56 130 51 76 165
3 110 51 76 170 30 120 51 76 170 57 130 51 76 170
4 110 51 78 160 31 120 51 78 160 58 130 51 78 160
5 110 51 78 165 32 120 51 78 165 59 130 51 78 165
6 110 51 78 170 33 120 51 78 170 60 130 51 78 170
7 110 51 80 160 34 120 51 80 160 61 130 51 80 160
8 110 51 80 165 35 120 51 80 165 62 130 51 80 165
9 110 51 80 170 36 120 51 80 170 63 130 51 80 170
10 110 53 76 160 37 120 53 76 160 64 130 53 76 160
11 110 53 76 165 38 120 53 76 165 65 130 53 76 165
12 110 53 76 170 39 120 53 76 170 66 130 53 76 170
13 110 53 78 160 40 120 53 78 160 67 130 53 78 160
14 110 53 78 165 41 120 53 78 165 68 130 53 78 165
15 110 53 78 170 42 120 53 78 170 69 130 53 78 170
16 110 53 80 160 43 120 53 80 160 70 130 53 80 160
17 110 53 80 165 44 120 53 80 165 71 130 53 80 165
18 110 53 80 170 45 120 53 80 170 72 130 53 80 170
19 110 55 76 160 46 120 55 76 160 73 130 55 76 160
20 110 55 76 165 47 120 55 76 165 74 130 55 76 165
21 110 55 76 170 48 120 55 76 170 75 130 55 76 170
22 110 55 78 160 49 120 55 78 160 76 130 55 78 160
23 110 55 78 165 50 120 55 78 165 77 130 55 78 165
24 110 55 78 170 51 120 55 78 170 78 130 55 78 170
25 110 55 80 160 52 120 55 80 160 79 130 55 80 160
26 110 55 80 165 53 120 55 80 165 80 130 55 80 165
27 110 55 80 170 54 120 55 80 170 81 130 55 80 170
Table 4 Correlation analysis result (440 MPa) Table 5 Correlation analysis result (590 MPa)
R H w a Iy l R H W a ty t
R 1 R 1
H 0 1 H 0 1
w 0 0 1 w 0 0 1
a 0 0 0 1 a 0 0 0 1
t, | 0237 | 0.525 | 0358 | -0.567 1 t, | 0275 | 0.541 | 0.366 | -0.557 1
t. | -0.600 | -0.064 | 0.078 | 0.636 | -0.529 1 te | -0.599 | -0.063 | 0.067 | 0.627 | -0.516 1
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Table 6 Correlation analysis result (780 MPa) Table 8 Regression coefficient
R H W a te te Parameter| 980 780 590 440 | Average
R 1 B -11.86 | -10.03 | -8.85 | -7.54 | -9.57
H 0 1 By 0.05 0.05 0.03 0.03 0.04
W 0 0 ! | By 0.52 0.48 0.31 0.35 0.42
a 0 0 0 1
By 0.23 0.21 0.21 0.24 0.22
| 0292 | 0.619 | 0263 | -0.553 1
B, 020 | -0.17 | -0.13 | -0.15 | -0.16
fp | -0.515 | -0.129 | 0.100 | 0.609 | -0.549 1
By -16.95 | -18.33 | -14.47 | -17.16 | -16.73
Table 7 Correlation analysis result (980 MPa) le B -0.12 -0.11 -0.11 -0.12 -0.12
R q W o N : B, 0.27 0.27 0.24 0.26 0.26
R 1
Ll : B odTe] Bt a4 B4 WA 9%e Ao
e e R WA ek AZAA AZAL Adshe Aotk o
E fd A IARAE FE 22 A 2
f | 0301 | 0.607 | 0273 | -0.569 1 o) MRS ©EG ¢ W ¢ o Oﬂ%&}% A
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Table 9 Adjusted coefficient of determination

440 590 780 980
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