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Evaluation of Forming Limits of
Automotive Muti-phase Steel Sheets

S.Y. Lee, J. Y. Jeong, S. H. Park, S. Kim, Y. T. Keum

Abstract
In this study, in order to get the forming limit of AHSS sheet in the negative minor strain region, the shapes of die
corner and drawbead are redesigned by employing the Taguchi’s design of experiment method and the FEM forming
simulation. With the redesigned FLD tool, the forming limit tests of automotive multi-phase(Dual Phase and Complex
Phase) steel sheets which induce the normal fractures on the blank are performed.

Key Words : Forming Limit Diagram, Advanced High Strength Steel, Multi-phase Steel, Dual Phase Steel, Dome
Stretching Test, Drawbead
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Fig. 1 Design variables in Taguchi method

Table 1 Experiments designed in Taguchi method

Variable

Exp. Rd Rb H w

N @m)  (m)  Gm) ()
1 6.5 35 3 6
2 6.5 4.0 3 6
3 6.5 45 4 7
4 6.5 5.0 4 7
5 7.0 35 3 7
6 7.0 40 3 7
7 7.0 4.5 4 6
8 7.0 5.0 4 6
9 75 35 4 6
10 7.5 4.0 4 6
11 7.5 45 3 7
12 7.5 50 3 7
13 8.0 35 4 7
14 8.0 4.0 4 7
15 8.0 45 3 6
16 8.0 5.0 3 6




Table 2 Response characteristics of the experiments

PPECimEn | 5 00mmLx7SmmW | 200mmLx100mmW
Resp. . . SN
Die Die ratio
Ex Steain Radius DT dtran Radius D72¥
Nop' Strain Strain
1 0273 0277 006 | 0130 0277 009 | 13.687
2 0268 0256 006 | 0.104 0230 008 | 14.546
3 0.280 0251 006 | 0.104 0225 0.10 | 14.429
4 0.283 0237 010 | 008 0198 011 | 14.672
5 0298 0277 006 | 0.106 0251 008 | 13.810
6 0.258 0248 006 | 0.079 0216 0.10 | 14.890
7 0293 0251 006 | 0112 0228 008 | 14284
8 0270 0254 008 | 0090 0221 0.09 | 14581
9 0.336 0264 0.10 | 0.154 0307 0.12 | 12662
10 0301 0267 006 | 0120 0274 006 | 13664
11 0.250 0259 008 | 0.065 0193 0.12 {14946
12 0214 0245 016 | 0052 0.18 0.31 | 13.553
13 0314 0269 006 ] 0126 0306 012 |13.038
4 0287 0271 006 | 0082 0245 008 | 14.120
15 0261 0280 010 ] 00663 0217 0.10 | 14360
16 0238 0256 0.10 | 0.049 0.195 0.11 | 15.116
150
14.5 p"@}"""““’
SIN 0‘*”@ o
ratio 14¢ \\\‘,/’/‘ ‘//
51 Rd Rb
1.0 . ' . . . .
65 70 75 80 35 40 45 50
145
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Fig. 2 Optima of design variables(circles) and means
of SN ratios(doted lines)
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Fig. 3 Optimal tool for FLD test of AHSS sheet
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Table 3 Material properties of AHSS sheets

AHSS YS TS TE UEl p E
Sheet | (MPa) (MPa) (%) (%) (GPa)

780 DP 476.1 737.7 24.8 15.6 194.4
980 DP 806.4 1020.7 63 48 200.3
1180 CP | 10149 12113 7.4 4.2 197.4
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Fig. 4 Formed FLD specimens of 780DP sheet with
normal fractures
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Fig. 5 Experimental FLD of 780 DP sheet
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Fig. 6 Experimental FLCs of various AHSS sheets.
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