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Abstract: The biggest topics in the automobile industry are light weightening and fuel efficiency improvement. There's a 
lot of research going on. It is focused on light weight materials. Light weight material is seen as the best way to reduce 
fuel consumption and to solve the problem of environmental pollution and resource depletion. For the light weight 
materials, new materials such as aluminum, magnesium, and carbon-hardening materials can be found. Research on the 
joining techniques of dual materials, improvement of material properties by improving the method of manufacture of 
existing materials, and studies on ultra-high strength steel sheets are expected to take up the most weight in lightweight 
materials. As the strength of the ultra-high strength steel sheets increases during forming, it is difficult to obtain 
dimensional precision due to the increase in elastic restoring force compared to mild or high strength steel sheets. Spring 
back is known to be affected by a number of factors due to poor plastic molding, and can be divided into the effects 
of the material spraying and the process. The study on the plasticitic variables were studied as plasticitic factors that can 
be controlled by a part company. Tensile testing of ultra-high strength materials was conducted to derive properties for 
plasticitic analysis and to analyze spring back with two factors controlling the height of the bead and blank holding force 
by adding tensile force and controlling the flow rate.
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(rolling-direction) 0 ,̊ 45 ,̊ 90˚

. 
(Rankford value) (1) swift equation

fitting . 
Hill 1948 5).

Fig. 1
Table 1 .

 

 (1)

Swift coeff. R-value

K (GPa) 1.7 R0 0.738

ε0 0.003 R45 0.978

n 0.09 R90 0.867

-
(kinematic hardening) 

Yoshida-Uemori 6).
Fig. 2 Table 2 .

X11 0 X22 0 X12 0

Xsat 0.470 Bsat 0.115 Rsatx 0.100

Cx1 420 Cx2 180 EpRef 0.005

Hnih 0.2 Rnih0 0.002 AM 20

Xi 140 Younga 178
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(LDH : Limits Dome Height)

(FLD : Forming Limits Diagram)
. Fig. 3 .
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PAM-STAMP 2G 2017 7). 

(drawin
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(blank) Fig. 4 . 
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(mass scaling) . 
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Fig. 5 Fig. 6 .
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Table 3 .

Opening amount
(mm)

BHF (kN)
100 150 200

Bead R
(mm)

3 0.546 0.143 0
5 0.341 0.129 0
7 0.232 0.112 0

(spring back amount)
. Fig. 7

(dir R) .
 

Table 4 .

Springback amount
(degree)

BHF (kN)

100 150 200

Bead R
(mm)

3 20.92 18.81 15.77

5 21.63 21.11 18.15

7 21.91 21.21 20.42
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.  

. , 

. 

.
Fig. 8 Fig. 9

.



- 38 -

1.2GPa

. , 

, 
swift coefficient, Yoshida-Uemori 

parameter, FLD . 
100kN, 150kN, 200kN

3mm, 5mm, 7mm
. 

. 
.

1) 
.

2) , 
.

3) 
, 

.
4) 

.

, 

. 

.

. 

, 
.

1) AHSS Application Guidelines Version 5.0, 
http://www.worldautosteel.org/projects/ahss-guidelines

2) K. H. Kang, “Design Guideline with the Structural 
Analysis of the Press Die for Stamping an 
Auto-part with Ultra High Strength Steel of 1.5GPa 
UTS-grade”, M. S. Thesis, Graduate School, Daegu 
University, Gyeongbuk, Korea, 2015. 



- 39 -

3) J. H. Lee, S. H. Kim, “Automatic Tool 
Compensation for an UHSS Automotive Component 
Using a Compensation Module”, Trans. Mater. 
Process., Vol. 25, No. 2, pp. 109-115, 2016. 

4) J. H. Song, J. H. Kwak, B. W. Kang, W. Noh, S. H. 
Kim, D. H. Park, J. H. Lee, C. Y. Jung, “Finite 
Element Analysis of Variable Blank Holder Force for 
Springback Reduction of 1.2GPa Steel Grade 
Auto-body Part.”, KSMTE Spring Conf., Poster, 2017.

5) R. Hill, “A Theory of the Yielding and Plastic 

Flow of Anisotropic Metals”, Proc. Roy. Soc. Lond. 
A, Vol. 193, No. 1033, pp. 281-297, 1948.

6) F. Yoshida, T. Uemori, “A Model of Large-Strain 
Cyclic Plasticity Describing the Bauschinger Effect 
and Workhardening Stagnation”, Int. J. Plast., Vol. 
18, No. 5-6, pp. 661-686, 2002.

7) ESI Group, PAM-STAMPTM, User’s Manual, 2017. 
8) T. Belytschko, J. I. Lin, C. Tsay, “Explicit Algorithms 

for the Nonlinear Dynamics of Shells”, Comput. Meth. 
Appl. Mech. Eng., Vol. 42, No. 2, pp. 225-251, 1984.




