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Recently the application of high strength steel sheets, such as DP, TRIP, and TWIP, is rapidly increasing in the automotive
industry. Despite this trend, springback is still one of major obstacles that has yet to be overcome. In this study, we
conducted U-draw bending experiments and analyzed the process with FEM, focusing on the springback. In the FE
analysis, the effects of the hardening model ware studied by comparing the results among an isotropic hardening model, a
combined isotropic-kinematic hardening model and the experiment. The effects of the restriking process on shape
correction was also =studied by comparing the results of the springback analysis and the experiment.

1. ME

Copyright © The Korean Society for Precision Engineering

Manuscript received: May 15, 2017 / Revised: March 12, 2018 / Accepted: March 19, 2018

(N
O
o S
l-E F_E
A
N
2 o
= oF
o
= g
N 1
<
N
i
o

=
N,
i
N
N,
1o
5
<
2 o,
)
o

)
fr
o

oo Py ool N
or Tl (B X
=)
o
ox
Mo
ol
]
&
=
&
o
i
=
5
<
o
=
o
1z
1o
o
{1
N
L

2 g IN
N
T G
U
Oox
o ° g
T
o=
)
rr
in)
N
o~
i
o
e
>.
il
x,
o
o
Y
b
N
N

)

H 2 2 1o
[e]
)

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



708 / July 2018

HaA7le el v 2 e 7L Qlnh. & Al 3}
2E 9ol Az IS viAle YIS 2Esh=
SAHAS, SR 2, 271, sk29 (Hot Stamping)
o} gliEd}ol7)(Restriking) 59 A3 WA 5 HRio]
o] AR QIh 0 2 AtolA] FEdH= glAERtelH] 3
< T ARE AFE AR BAE 7Iehe 3R ANER
ol 7F =y AHPA AN fIaf A ARgshe el

2 Aol HHEE el URAY] =29 Hds 34
HE FeEfshiA dde w3stal, E f3taasiy Ayt v

SPFC780DPL 2, Q1AA|H-S AlA|5}o] Table 13} Zo] SHIA
7Fs7gst ol A agt SRS =&k

Yoshida-Uemori 2@ (0]5} Y-URH )2 83 §3ta 4 34
& Sel] SfeALE HEAGIEHARS B A
of mtebdelf & Y, B, C, R, m, b, h, Eo, E
Aol whE QLIRS BE AT 99 Al
F3Y5t7] ol g, +47 PFC780DP7}2] o]
o A AR RHEIE-IE AR ATE el ol8sI
A9k AR A o] FU7E aAfoltlehe ARAIF O Ak
Hol7k o 4 glek. 7k Aol AMgshe 2
A8 AR Aol slde] Heke Pl weS

A A

o p
o
offl

o
)
w2

=

&
.
ox 1= d

Ay
ox

N
)
&
et
=2

C2ouly Adof ARESH= AR TEAFAHS A
o, o] A|PALE HHEQIA- =AY Avt'el HAe woz
z3sto] Y-U utebi el S 13t

2.2 Y-U Parameter?| 2%

Fig. 12 SPFC780DPA| o] tiste] o AtoflA] ARE3h=
A A At AFAFHO R 23 A=A H AN E 5
At FAEA 2] HHEQIA- =AY ATE g BHSH T
oy, BYUSt ZFolghd TZQAUAA] ] Fo QlAFor=

Table 1 Material properties of SPFC780

Yield strength (MPa) 547.7
Tensile strength (MPa) 840.8
Workhardening constant K (MPa) 1476.3
Workhardening exponent n 0.191
Lankford value R 0.87
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Fig. 1 Assumption of stress-strain curve in compressive region
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Table 2 Yoshida-Uemori parameters of SPFC780DP

Y Ey
(MPa) 450 m 9.44 (GPa) 210
E,
B 668.4 b 173.46 (GPa) 149.48
C 120 h 0 I 45
Ry 303.6

Spacer

Stopper block  Pad Bracket

e
! B |

(a) Front view

(b) Top view
Fig. 2 Design of U-draw bending die

Fig. 3 Experimental setup for U-shape draw bending
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Fig. 4 Deformed shape after U-draw bending
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Fig. 5 Deformed shape measurement with 3D scanner
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Fig. 6 Quantification of deformed shape
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Fig. 8 Change of angles to show the effect of blank size
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Fig. 11 Change of die round angle due to springback
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Table 3 Result of restriking experiment to show the effect of
restriking depth

Wall angle (deg) Flange angle (deg)

1st Drawing 19.18 14.57
Restriking depth 0.2 mm  13.55 (-29.40%)  11.27 (-22.70%)
Restriking depth 0.4 mm  12.57 (-34.50%)  10.44 (-28.40%)
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