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A Simplified Approach for Predicting Springback in
U-Draw Bending of Sheet Metals

S. H. Chang and D. G. Seo

Abstract
The U-draw bending operation is known as a representative test method for springback evaluation of sheet metals

since the sheet in U-draw bending operation undergoes stretching, bending and unbending deformations occurred at the

stamping process. In this study, a simplified approach was proposed for predicting springback and side-wall curls of tailor-

welded blank in U-draw bending operations, using moment-curvature relationships derived for sheets undergoing

stretching, bending and unbending deformation. Two different welded strips were adopted to compare the effects of weld-
line locations on the springback. One (type A) was welded along the centerline of the strip-width and the other (type B)
was welded along the centerline of the strip-length. To investigate the effect of different thickness combination on the
springback, the tailor-welded strips were joined by the laser welding process and consisted of three types of thickness
combinations of sheets, SCP1 0.8t * SCP1 1.2t, SCP1 0.8t * SCP1 1.6t and SCP1 0.8t * TRIP 1.0t. Some calculated
results by the simplified formula were compared with experimental results.

Key Words : U-Draw Bending, Side-Wall Curl, Springback, Tailor-Welded Blank(TWB), TRIP Steel Sheet
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Fig. 1 Springback in ¢ -¢ curve for elastic-linear
hardening plastic material
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Fig. 2 Schematic diagram for springback of sheet

Fig. 3 INllustration of the U-draw bending process
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Fig. 6 Stress distribution through the thickness of the
sheet metal under the plastic stretch-bend
process (R<<Re)
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Fig. 7 Moment-curvature relationship for the sidewall
zone of the sheet metal under U-draw bending

process
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Table 1 Mechanical properties of tailor welded
material and weld-line

Tailor-welded material & Weld-line
Mechanica| SCP1 | SCP1 | SCP1 | TRIP | Weld-
1 properties| 0.8t 1.2t 1.6t 1.0t line
Yield
Strength | 14.187 | 18.333 | 16.563 | 48.825 | 39.28
(kgf/mm?)
Plastic
Coefficient| 83.496 | 83.214 | 83.093 | 119.44 | 99.55
(kgf/mm®)
Young’s
modulus | 20998 | 20998 | 20998 | 21814 | 26911
(kgf/mmz)
Friction
. 0.241 | 0.241 | 0.241 | 0.256 -
coefficient
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Fig. 9 Experimental apparatus of U-draw bending
test for the tailor-welded strip

Table 2 Combinations and test variables for U-draw

bending
R, B.HF
Case Combination P Re
(mm) | (mm) | (kgf)
1 SCP1 1.2t * SCP1 0.8t 3 5 125
2 SCP1 1.6t * SCP1 0.8t 6 10 250
3 TRIP 1.0t * SCP1 0.8t 9 15 500
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Fig. 10 Experimental measuring method for U-draw
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Fig. 12 Die profile radius after springback for the
various die profile radii for longitudinally
welded strip (Rp=9mm, B.H.F.=500 kgf, type
A)
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back for the various die profile radii for
longitudinally welded strip (Rp=Y9mm,
B.H.F.=250 kgf, type A)

9 2A dexn
o] FHB5E Quwye

ol Yebg ot A AeAe

, AYAME Tol oz
FgwAel i

Ae dAst

=M1 358 x| /H 13 M8F, 20044/685



5
o,

}-

O

t}. 283 TRIP 1.0t*SCP1 0.8t & ZA$olAE 4
AR} ALt Aol zte]7t SCPL 1.2t*SCP1 0.8t
ASro AA Jdelhgdn A 9A 2 A3
A},
Fig. 14 ¢} Fig. 15 A& HA 4 ¥4 0] 9mm
ola the] oz wWEHo] Smm ¢ ZH$el TRIP
L.Ot*SCP1 0.8t =32 &4 TAlo dalix 2+ F o
2wl o] Fo] WY wWIE £ d dA 2
23 vwste] YehASITh Fig 14 £ A 2H
dEo| 1, Fig. 15 € AN 234E YEHAUT A

lzlign

A, 438 A3} 2YZQ Fig 14 AN, IR e
E WAE Dotk f44S e £3EAY
£ A F #AE vmed, dowed $HMAE
Zt= 2ARAY FERgMe ZTE WIHS F
23 A F FAe FE wAFY F ez F
Aol F @AY 2xFPul EAdo] xJHo &
oA 2z SXo] JephdE Y

AAT. ol 2 AIAE Fig 1514 BoAF
AN Zspst wua] Be, AL A A A9
A% BFge 2 ASA ’0‘} A gk X*F*Z‘l"i
Hlushd, @yl 5§

o sl HA ALHNSTS

ﬂl?a r—-'
g o
32
% @

4.2 Jt2d 8FME ze % (type B)

7hed g3 Ae] dE B Fol i
2 AlA el 2199 A0y o] &8kl AE &
HE Ay Aae v)aste naAsgich

Fig. 16 ¥ T}o] ¥tA & 5 mm & A3IT HXA
o] A MAL 3,6, 9 mm B HIAT|HA HX
g AR AXu o]Te] WA 3
A4k Axg A¥ Axel wlug zZolr)
SCP1 1.2t*SCP1 0.8t ¢ %ol A$=ZH, AA &
g el FNEFE % AzHW T A
Foz AU o]gF wAHo] AALE Tt
e ATe U 2FPdME wAstR e AE
B} &xqt e Ave) AgE By fA &
A Bk o] F7lEeEE o AxPWo] Pardte A

P

B H
= As 328+ i

Fig. 17 dlXE #A g4 #+48E& 9 mm 2 2H
stz t}o] o)A WAL 5 10, 15 mm E H3A]7)

686 /=2 AN IS 8B X|/H 137 HM8Z, 20044

- Ao

tho] P4 wtR@ R WA WIE Al 4
A Ao} vastd] Yetdich 858
TRIP 1.0t*SCP1 0.8t & 7 -$-old, A A=
P70l /MRS wlEa Axyy ¥ F}
= Reg vepbgth sARL Ad Ade At
Z 7o} %}ﬂ gk Z WA(SCPL 080l E T4
s Aol vetnth *‘ZM tho] o7 Hiﬂel
3717} 10 mm °]/ge] % -
9 & VA Mfm“ O]-r‘-’] 73 éE%"ﬂ
o]de] WHART} ol e HAAS #AY F

u >

0

L rr R

<]

i‘l

Ach ol % ~THR] Fi 3
4 rEE-g g to] oA wAREE fdshe
ANae Age & ZF 83} vjo] Alolo] mpo
HA P WAHRAMEYG © AA 2ZHH
gL WG woET vk, o w3
jﬂra 16%?‘{ AT cﬂﬂz Ao A7 B8
Z LAY (TRIP 100N M=

300 29237

Experiment, non-welded, TRIP 1.0t .
| | ClExperiment, type A, TRIP 1.0t*SCP1 0.8t |
‘ W Experiment, non-welded, SCP1 0.8t

~
5
S

200

Radius after springback [mm]
= -
g 8

[
o

1033 9.45 898 734 753 667
N\ — AT

o

Punch profile Die profile Side-wall

Fig. 14 Comparison of the measured radius after
springback between the tailor-welded strip
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B.H.F.=500 kgf)
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Fig. 15 Comparison of the calculated radius after
springback between the tailor-welded strip
(TRIP 1.0t*SCP1 0.8t, type A) and non-
welded  strips  (Rp=9mm, Rd=5mm,
B.H.F.=500 kgf)
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Fig. 16 Calculated % springback of the punch profile
radius for the various punch profile radii for
centrally welded strip (Rd=5mm, B.H.F.=250
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centrally welded strip (Rp=9mm, B.H.F.=500
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