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Springback for the Warm 2D Draw-bending
of Steel Sheets

S. M. Lee, S. H. Chang, Y. C. Choi, Y. M. Heo, and D. G. Seo

Abstract

The purpose of this study is to investigate the characteristics of springback for various process
conditions of the 2D draw-bending operation. The process variables are the forming temperature, the
geometry of tools such as punch profile radius(Rp) and die profile radius(Rd). Especially, in order to
control the springback, the use of the warm forming method is applied. For the warm draw-bending, five
steps of temperature ranges, from room temperature to 200°C, were adopted. And two kinds of steel
sheets, namely SCP1 and TRIP(transfomation-induced plasticity), the newly developed high strength steel,
were adopted. As a result, the springback was affected by the elevated temperature and the geometry of

tools in two kinds of steel sheets.
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Fig. 1 Experimental apparatus for warm 2D draw-
bending

Table 1 Conditions for the warm 2D draw-bending

Rp Rd |Temp.|BHF.
() | Comm) | Comm) | Comom) | (C) | (kg

5 RT

SCP1 08 1.2 g 50 250
9 10 %%

12 500
TRIP | 10 15 15 15 20

22 ME gy

AY9) AL4% A8¥E SCP1 TRIPALZ 27 &4
7} 08 mm$} 1.0 mmel™ A|HE 7 & od 43
Ux&HA 3 300 mmx30 mmE AR L, WA
s} tho] Alelel AL AlH FAQ 1582 4k 2
g A ol 70 mm FA £EE 5 mmy/secolth
AFel HEAHQ ZAES Table 194 RAF3 9ok

AA AN 23 Ao wE AZTPwle] gt
doluy] dale AE IY FYHE o]L38ly tholg of
7 9738 5 mmZ w3 Hx FF ¥HE 3 mm
AMEE 15 mm7HA 3 mm HEeE HEHAAEA
AYe FPsigtt tgoez HAAY JA BEE 6 mm
RAANAN D thely o)A AEE 5 mm, 10 mm, 15 mm
2 WA A ol E£92(BIHF. blank holding force)
€ 250 kgfZ 7HapHch.
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Fig. 2 Comparison of the deformed shapes after
springback between SCP1 and TRIP
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Fig. 3 The deformed shapes after springback of SCP1
for various punch profile radii
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Fig. 4 The deformed shapes after springback of TRIP
for various punch profile radii
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Fig. 5 The deformed shapes after springback of SCP1
for various die profile radii
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Fig. 6 The deformed shapes after springback of SCP1
for various die profile radii
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Fig. 7 The deformed shapes after springback of SCP1
for varous temperature (no coated die,

B.H.F.=500 kgf)
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Fig. 8 The deformed shapes after springback of TRIP
for various temperature (no coated die,
B.H.F=500 kgf)
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Fig. 9 The deformed shapes after sprinback of SCP1
for various temperature (Cr coated die,
B.H.F.=250 kef)
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Fig. 10 ~The deformed shapes after springback of
TRIP for various temperature (Cr coated
die, B.HF=250 kgf)
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Table 2 Material properties for the FEM analysis for
the 2D draw-bending
(Y.S.,, P.C., T.S. unit : kgf/mm®)

Material| YS. | TS. | PC. | SHE. |Friction

factor
SCP1 162 | 2989 | 58032 | 0.249 0256
TRIP | 4435 | 6382 | 11309 | 0228 )

Table 3 Numerical parameters of the springback

.analysis
Blank element size { mm) 1
Number of comer element 20
Punch velocity ( m/sec) 5
Penalty parameter 0.01
Number of integration point 1
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Fig. 11 Comparison of the deformed shapes after
springback between experiment and simulation
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