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Methodology of Springback Prediction of Automotive Parts Applied 3rd
Generation AHSS Using the Progressive Meta Model
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Abstract
In this study, the methodology of the springback prediction of automotive parts applied 3rd generation AHSS was investigated

using the response surface model analysis based on a regression model, and the meta model analysis based on a Kriging model.

To design the learning data set for constructing the springback prediction models, and the experimental design was conducted

at three levels for each processing variable using the definitive screening designs method. The hat-shaped member, which is

the basic shape of the member parts, was selected and the springback values were measured for each processing type and

processing variable using the finite element analysis. When the nonlinearity of the variables is small during the hat-shaped

member forming, the response surface model and the meta model can provide the same processing parameter. However, the

accuracy of the springback prediction of the meta model is better than the response surface model. Even in the case of the

simple shape parts forming, the springback prediction accuracy of the meta model is better than that of the response surface

model, when more variables are considered and the nonlinearity effect of the variables is large. The efficient global optimization

algorithm-based Kriging is appropriate in resolving the high computational complexity optimization problems such as

developing automotive parts.

Keywords: Springback Response Surface Model Meta Model

Kriging Model Advanced High Strength Steels
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Table 1 To configure regression model and meta-model,
set of processing parameter range of successful

forming according to processing types

Processing BHF DH DR BH

types (kN)  (mm) (mm) (mm)
0.05~
Draw 10~45 10~70 5~10  0.1~3
0.15
0.05~
Stake bead  10~110  10~70  5~10  0.1~3
0.15
0.05~
Form 10~110  10~70  5~10 -
0.15

3. 4t & 1H

ZA¢l TRIP11802] +<dwsk
AS5AGAIE Al A= 43 ©]& Voce-Swift
2| Aol 9je o=

o 2ol Vet 1AW Asks 7w W 5
3 97t ds Srd AdHe ndS
2 oAgold faesddel 9 gez A
TRIP1180 4] Voce-Swift =% 3¢
Table 201 RoFTh 54 BAMse g
sewo) A SuEst e 28 wAe] 9
8, S7moly Mene £ A &g doly A
E T4e] Fast.

mhebA, BE el ARk st dHlolE AlE A
Table 1914

o~
of e sxwusre] g @ RS BA
g 5 AT Ada) eilE ANz AES A

1400 : .
— Simuition |
S 1300
"
8 1200} Hill's anisotropic |
b coefficients:
=0.83
" 1100 =083 |
) fy0=0.93
o Py
0,0, =1.
p= 1000 u.gu:=1.os1 1
00 005 040 015
True Plastic Strain

Fig. 4 Material properties of TRIP1180 with 1.2 mm

thickness in rolling direction

As ek A2, Stake bead Ad FHolA 2 &
AWe W 3FEe] g delH AEES FA3H
A%k 137k 8] g 2305 Table 30 &.9Fs)
Atk AAlE 13719 FARAWR Fa s
& AdYsto] TS A8, o8 V|tew
=29 43 ¥4, Stake bead 48 I, ¥ 43
TR FFRAS =& Y 7 3 HE = E
® 3ARd AL ofe} Aok

dsg praw = —17.92 + 0.4877BHF + 0.2611DH +
1.548DR — 0.056BH + 33.59u — 0.002BHF * DH —
0.0367BHF * DR — 0.0189BHF * BH — 1.03BHF » i (8)

dSB,Stake bead = 544 — 0076ZBHF + 00553DH —
0.406DR — 0.417BH — 18.94u + 0.0066BHF * DR +
0.0116BHF * BH + 0.0172DH * DR 9

0.347DR + 8.5u — 0.0007BHF * DH — 0.284BHF  (10)
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Table 2 The Voce-Swift model fitting parameters of TRIP1180 with 1.2 mm thickness
Material parameters of Voce Material parameters of Swift
Material o hardening law hardening law
Y Ryar M K £ n
TRIP1180 0.938 934 236 8.92 1695 0.00628 0.098
Table 3 The example of learning data set of the stake bead forming process

Condition BHF (kN) DH (mm) DR (mm) BH (mm) I dgp (mm)
1 60 10 5 0.1 0.05 0.982
2 10 10 10 3 0.05 1.692
3 110 10 5 3 0.1 0.548
4 110 10 10 1.55 0.15 0.645
5 10 10 7.5 0.1 0.15 1.39
6 110 40 10 0.1 0.05 8.67
7 60 40 7.5 1.55 0.1 7.928
8 10 40 5 3 0.15 5.322
9 10 70 5 1.55 0.05 10.79
10 110 70 5 0.1 0.15 5.664
11 60 70 10 3 0.15 13.92
12 10 70 10 0.1 0.1 15.27
13 110 70 7.5 3 0.05 14.65

Table 4 The prediction of optimal processing parameter for Hat-shaped member forming of each processing type using

the regression model and meta-model. The example is in case of draw depth: 70 mm, friction coefficient 0.1

Optimal processin
P P & Springback, Springback,

Processing Prediction parameter L. Prediction
prediction measurement
types model BHF DR BH error (%)
(mm) (mm)
(kN) (mm) (mm)
Regression 10 5 3 10.88 11.53 5.97
Draw
Meta 45 5 3 9.93 10.22 2.92
Regression 110 5 0.1 7.31 9.38 28.25
Stake bead
Meta 110 5 0.1 9.52 9.38 -1.47
Regression 110 5 - 9.35 10.05 7.49
Form
Meta 110 5 - 10.07 10.05 -0.20
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