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Springback Characteristics of Tailor-Welded Strips in

U-bending

S. H. Chang, J. M. Shin and D. G. Seo

Abstract

Sheet or plate bending is one of the most important industrial metal forming processes. Considerable
attention has been focused on gaining a better understanding of bending characteristics. One of defaults

in bending process is the springback. In this study, the springback characteristics of tailor- welded strips

in U bending process was investigated. Furthermore, effect of the process variables such as the geometry

of the tools,

thickness combination of workpiece, and welding prcoessing on springback were

experimentally clarified. First, tailor-welded strips are joined by the laser welding process and consisted
of two types of thickness combinations of the SCP1 sheet, 0.8tx1.2t and 0.8tx1.6t to investigate the effect
of different thickness combination on the springback. Secondly, two different directionly welded strips, one
was welded along the centerline of the strip width and the ohter was along the centerline of strip length,
were adopted to compare the effects of the location of weld line on the springback. Some cases of the
experimental results were compared to the results simulated by using a commercial FEM code,
PAM-STAMP and the theoretical results using the springback formula as well.
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Table 1 Mechanical properties of heat affected zone and
laser welding conditions

Me}zclgalm (C\?éidlzf]o:%eﬁensl) of Laser welding conditions
Yield Strength | g0 | Process |The Ist| 5
(kg/mn) Machine | Trumpf TLC105
Plastic
Coeffcieyt | 8593 Beam 11 5 kw |2:86 kW
(kgy/mm”) po
Tensile Strength Shielding -
(ke f/mm“:}; 5313 Cas Ar 15 £/min
Strain . _
: Welding 58 33
Hardening 0.739 . .
Exponent speed m/min | m/min
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Fig. 1 The tensile specimen according to the various
distances from weld line (KS 13B)
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Fig. 2 Comparison of nominal stress-strain curves
between TWB(0.8t side, 30 mm) and SCP1 0.8t
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Fig. 3 Comparison of nominal stress-strain curves
between TWB(1.2t side, 30 mm) and SCP1 1.2t
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Table 2 The results of tensile test
ThjCkl:lCSS Y.S. . T.S. P.C. SHE.
/ Distance | (kgy/mm?) | (kgs/mm? | (kgy/mnd)| ™
SCP1 | 18656 | 2991 |54.0721 | 0.2545
25 mm| 14.188 | 29.38 |57.8605 | 0.3154
0.8t130 mm| 14.125 | 29.84 |60.2513| 0.3334
55 mm| 14.031 | 2944 |59.9668 | 0.3312
8 mm| 13969 | 29.50 |58.3513 | 0.3165
SCPIL | 18563 | 31.42 |60.4632 | 0.2910
25 mm| 18479 | 31.65 |60.4162 | 0.2868
12130 mm| 18333 | 31.13 |58.9469 | 0.2867
5 mm| 18750 | 31.56 |61.2470 | 0.2987
85 mm| 18896 | 31.65 |59.3222 | 0.2729
L6t SCP1 | 16.141 | 29.30 |57.6248 | 0.3138
30 mm, 16563 | 29.63 |59.4659 | 0.3304
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Type B : Centrally welded strip

Fig. 4 Tailor-welded strips for U-bending test(Unit:
mm)
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Fig. 5 Experimental apparatus of U-bending
test for the tailor-welded strips

Table 3 Experimental condition
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Fig. 6 The measured % springback of SCP1 for the
various punch profile radii and the various
thicknesses
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Fig. 8 Deformed shapes after springback
(Rp=15 mm)

444 /22X E R R/A 128 A&, 2003

20802 % SB.o) 3 #F wA 3,9 15
AL ete] 1.2t9F 1.6t8 % S.B.Ao]o
ek o)z §HsHH] Fe RA <]
ol ek &4
A(Type B)< Al arol oghk of
oz iz A 08te] AEA HAo) WEE

ok Atz 12ln Fig 10904 ol2id &3 34
o} SCP19] 2 ol% ol A &g ulagh AR
T 7 A #3H08tx1.2, 0.8tx1.600 sk YERY

Atk

$l
25g)

1] ¥l
ST

15
- Type B, 0.8t side of 0.8tXx1.2t
12 || = Tyoe B, 1.2t side of 0.8tx1.2t
-=Type B, 0.8t side of 0.8tx1.6t
o | L==Type B. 1.6t sice of 0.8tx1 .6t
@
®
6 -
3l
0 .
0 3 6 9 12 15
Punch profile radius [mm]
Fig. 9 % Springback versus various punch profile
radii
; 1.2tx0.8t

Fig. 10 The deformed specimens after springback of

TWB and SCP1 (Rp = 15 mm)
4 3l A
41 O|2X Axalul AL
B QApolaiz axgulel olB4 £AHT A9 &

WAZ Thgstel &3

Be GUHY

AgrAsay Ane ww 79

HAUTWB)Y U digelAe] 2zl



o

(=)

\ >~

oV“

J —4:
5 —~
X

w3

= "{"J
=
huj
=
32
_ﬁ
2,
E=)
Zﬂ

k), FHFeAM e MPBHE(e), 7HAFATFMm), 7
ARG FHe Ame A FHoRNEH A
b . 3 Q

(0<y<YR/E)
o=Y+ k(e—¢p)" ( YR/E<{y<t/2)

(1

A71oA = Y/E, e=y/Rel™, B4 Al M yghe
w3l olo R RE 8 4 Qi) (I)OM 5] WILL
[AM WING LEUNG! %o] xﬂehe} 2 (2)9] ¥ 7}
AERA Aol MBT P Fol % SB = A9M
<100%% qgste] 2z Fg geon veha
L A

o4 % SBE& A% A% 2 #3

w3 S1akshgnt.

40 _ A(1/R)

15 _ ALl @)

) 3wl
J (& )]"H(n+1+ £

9] Aol Re AzZyw deol AHe 73 ,
Az A wbAed A FAL 125 Wgh ghelal Rei:
B sl el 8 whEoR #3 2RE
Et2Yolth. 919 ® 7}4AE a4 sxuw AN S
o]-g-gk &Sl % SB.o A AiH: Fig. 119 et
9ok ga el A¥H ge Ao %o WA
(0802] 2w ko] %’ﬂ Wi} ol oF 18%2] A
AL FAS BAY] A £ HAY wAje AX
gl 2o A9 9l o}-:—— A& Ve

= Ulo] »V\o]:‘:_ ArQ
FEM code?! PAM STAMP3: o]-&¢ #i4& a3hel
th &3 S 49 alMs AxEe A 99
Type A¢] 7lo] w}aky} Type Bo & vkl g|HAlS 21

| esegul el @he A

15
12 CSCP1 (non-welded base metal)
72 TWB (distance=30 mm)
m: 9
*»
R g
3
0

0.8t 1.2t 1.6t
Thickness {mm)

Fig. 11 Comparison of theoretical % springback calcula
-ted by the formula between tailor-welded
strips and non-welded SCP1

o,

Be 12 B9 ARgeela, ek e A
3 1/4 RES *Pl"} :

T12jal Fig. 12649 o] meel #olx g3hog
218k A <J3H-(Heat Affected Zone, HAZ), & % 4
mme &FBE aEste 4 2R 9o Table 1A
AN @ T BEAS OF @ AEsta A<l
SCP19] 84& @ @ell 22t didste] 34 et
Atk TLNke) AR e 23158 Table 49 AlA S
o},

Fig. 13& Type A &% dxje] 2z &
A @ 07 15mmel Aol diste] dy 2
(CrgollAl Q) @)} 7 A & o
(el A (D (209 4 AFE ]i 5}04
ot Type A &5 A1 a3l A D5
Heldaet de AdA 2z 3 ‘ﬁ”"] %}% %3 2
& T SR & A AWNAEFY (D9 A
dAsilen, &3 wajel 4y A ¢ AN Ay
4 AHEE, A H oz FAo] ”34?14 ZZ o]
A vhehta 9l

b1

Fig. 12 FEA model of tailor welded strips
(4 zones)

ol

S aMIESER/A 1271 A53, 200351/ 445



Table 4 Numerical parameters of the springback analysis

Element type Shell element

Blank element size (mm) 1

Number of corner elements 20 - 30

Punch velocity (m/sec) 5 (1 for Rp=3 mm)

Punch stroke (mm) 70
Penalty parameter 0.01
Number of integration points 7
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Fig. 13 Deformed shapes after springback
(Rp=15 mm)
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