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Forming Characteristics of Laser Welded Tailored Blanks I :
Tensile Deformation Characteristics.

K.C.Park, S.S.Han, K.S.Kim and O.Kwon

Abstract

In order to analyze the tensile deformation characteristics of laser welded tailored blanks, laser
welded blanks of different thickness and strength combinations were prepared and tensile tests were
done. The tensile elongation along the direction perpendicular to weld line of laser welded blanks was
reduced as increasing the deformation restraining force (strength X thicknes) ratio between two welded
sheets and fracture occurred at weaker side of base sheets if void ratio of weld section was less than
45%. The tensile elongation along weld line reached above 90% of the elongation of base material, if
welding was done perfectly. Total elongation along the direction perpendicular to weld line was able to
be predicted by force equilibrium and power law behavior of base sheets, and it was related with the
deformation of stronger sheet and formability of weaker side.

Key Words : Tailored blank, Tension, Elongation, Formability
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Fig. 1 Typical forming problems of tailored blank
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Fig. 3 Micro-Vickers hardness distribution of laser welded tailored blanks

Table 1 Specimens for laser welding and their chemical components

t composition {wt%%) [

Grade @mm | C | Si|Ma] P | S |wto%)
General sheet | CQ 0.75 | 0.008 | 0.01 | 0.08 | 0.014 | 0.013] 0.017
for drawing 100 0003 0 |0.10]0.014 | 0.012] 0020
120]0.002] 0 [ 007 0.015]0.009] 0.014

160]0004] 0 ] 0.05] 0.012 | 0.011 | 0012

High strength | CHSP3E] 0.71 | 0,004 001 | 066 | 0.042 | 0.006| 0.113
steel CHSP40R| 1.01 | 0047 |0.01 | 051 | 0.082 [ 0013 0.132
CHSPBOC| 1.20 | 0.0840.46 | 1,50 | 0,018 | 0.008 | 0.353

+) Ceq(wt®) = C + Si/24 + Mn/6
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Table 2 Laser-welding conditions

Beam Power 3.0kW

Welding Speed 2.5 ~ 3.0 m/min

Shielding Gas Ar 20 I/min
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Fig. 5 Modelling of tensile test specimen for (a) perpendic-
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Table 3 Mechanical properties of sheets used for test samples

speCimen Ys TS El ﬁtﬁng curve .
“sheet Dir. | fkgf/mm') gt/ | (%) Tis% |Nao-209% Ogégf/m')e: K(s.,ﬂi.l,)
RD [159 2.6 446 |1.66 | 0.238] 54.90 | 0.00724 | 0.2652
CQ | 4 (176 0.7 437 (151 | 0.232| 5750 | 0.00981 | 0.2699
0.7t | 90° 172 30.1 453 12.03 | 0.234] 56.19 | 0.01025 | 0.2681
mean | 17.1 30.3 44.3 11,68 0.234 | 56.52 | 0.00928 | 0.2683
RD |187 31.6 420 |1.36 | 0.219] 56.89 | 0.00892 | 0.2450
cQ | 4 (202 3.8 390 [1.29 | 0.209| 56.95 | 0.01158 | 0.2418
1.00t | 90° |20.2 316 408 |1.66 | 0.208| 57.14 | 0.01239 | 0.2464
mean | 19.8 317 402 {1.40(0.211 | 56.98 | 0.01112 | 0.2437
RD 176 29.4 458 (1.73 | 0.228| 5375 | 0.01228 | 0.2582
CQ | 45° 193 303 432 1133 ] 0218] 5586 | 0.01550 | 0.2620
120t | 90° (187 290 447 (2.00 | 0.223| 54.16 | 0.01957 | 0.2736
mean (187 | 298 442 1.60(0.222 | 54.90 | 0.01571 | 0.2640
RD (171 289 479 1124 | 0223| 53.39 | 000941 | 0.2594
CQ | 45° |182 204 479 11.28 | 0.227| 54.76 | 0.01405 | 0.2695
160t | 90° |[181 25 463 {157 | 0.226| 55.36 | 0.01607 | 02746
mean |179 | 293 475 [1.340.226 | 54.57 { 0.01339 | 0.2682
CHSE RD |219 365 387 158 | 0.224]| 66,63 | 001097 | 0.2545
%8 45" 1234 368 382 |1.64 | 0.218| 67.31 | 0.01378 | 0.2555
0t 90° |228 36.2 380 213 | 0217} 66.14 | 0.01417 | 0.2543
" mean {229 | 366 |383 |1.750.219 | 66.85 ! 0.01317 | 0.2549
CHSP RD (323 426 305 [1.01 { 0.179] 75.23 | 0.01686 | 0.2285
4R 45 |35 435 205 (0.88 | 0.169| 74.14 | 0.01497 | 0.2086
L0t 90° 330 429 30.7 (135 0172} 75.01 | 0.01972 | 0.2248
" |mean | 33.1 43.1 30.1 (1.0310.172 | 74.63 | 0.01663 | 0.2176
CHSP RD |463 58.8 23.1 [066 | 0.168(108.92 | 0.02488 | 0.2492
60C 45° 448 565 257 [1.13 | 0.168] 99.39 {0.02042 | 0.2224
19t 90° 468 59.2 211 095 | 0.163|106.66 | 002212 | 0.2308
™ mean (457 | 578 |239 [0.97/(0.167 |103.59 | 0.02196 | 0.2312
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Table 4 Mechanical properties of tailored blanks

Tailared Blank
Sheet Material (area of fracture occurred sheet

Tension | was used as reference area)
TS El YS 1
¥S T El fracture

(kgf/mm’)| (kgf/mm®) | (%6) | (egt/mm® |(kgf/mm® | (96)
QU0 a7 | 316 |420] 187 | 317 | 333 | COUO)

Specimen

QIO 3 sl
CQO75) 159 | 296 | 446
v 185 |313 |24 COO75)
QU | 187 | 316 | 420
ol | 159 | 206 | 446
Vi e a8 190|314 |241 | CROTS)
v %E‘l"g) ]1?? 2:3 :f’,*g 186 |308 |233| CQWOTS
CQO.75) 1159 | 296 | 446
. v CHSP3SEW0.7) | 21.9 65 38.7 17.3 814 29.1ﬂ CQ(MSZ
CQl0) 187 | 316 | 420
V' cnseme@n| 219 | 365 | 387 27 | 367 | 236 |CHSPSEOD
calz 176 | 24 |48
A CHSFREGT | 219 65 BT 234 372 21.7 |CHSE3SE(.7
v (OQU8 1171 | 289 |19 o004y 905 |cuspasen

CHSP3SE(0.7) | 21.9 365 BT
v CQ(1L.0) 18.7 316 420
CHSP4OR(1.0) | 32,3 426 30.5

CQ(1.2) 176 294 458
CHSPSOC(1.2)] 46.3 588 231

- —

204 32.2 219 | CQ(LO

194 300 266 | CQ(10)

Blow hole
CQ(LO) B2 |38 |125
P 202 | 316 | 408 oo
CQ(L0) a1 328 |35 | R

V means pervendicular to welding line, P means parallel to welding line

TWB Shape of tensile test specimen

CHSP35E(0.7t)-
CQU0.75t)

CQLot-
CO1.0D

CQLOt-
(L0t

CalLon

Fig. 6 Some examples of tensile test specimens
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CQ(0.75t-1.6t)-CHSP35E(0.71) tailored blanks at
perpendicular to weld tension

it

g

o BT e MFAFY] F2 A (CQL.0t)-
CQULOY)) of AAANFF A 74 fAje] fFE £¥U
Fig.9 dlMe &5 AAZE dide] UAsA ¥ &
AN E 25% F 22 49 AR HEE RS &
F At 28n A 92 (5, $35F 5 1A
go] th) A% (CQ(1.0t)-CQ0.75t)) of AFAH 3t
2o AEY AY X Fig. 10014 FAE FolME
5%% HMEHA ¥& A& & F 3

SRS ST QA S3 R FAC A 83
o] HAe FF(void) HIEH AFA] £HE DT
o] BAE FFH R Yolry] At A FH|HF
A S A EFsiAle FEAA e A st
o Fig.11 3} #o| 53% 45 Gl T3 (void) €S
AZA] sdR Ao BAE Fig.12 o el &

cg(1. 0t} CQi.0t)

engineering strain (%)

position from weld at undeformed state

Fig. 9 Strain distribution of a specimen tested in the
direction of perpendicular to weld line with the
same thickness and grade

140

Q1. 0t) Q0. 758) major strain

= 100

engineering strain (
Ld
<

minor strain

-30 ~20 -10 0 10 20 30 40
position from weld at undeformed state
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Fig. 12 Results of tensile test for the change of void ratio
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Fig. 13 Comparision of stress-strain curves of base sheet
and tailored blanks according to weld quality in
the direction of parallel to weld line
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TWB Shape of tensile test specimen (Elongation = 39.5%)
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Fig. 14 Parallel to weld tensile test specimen and its seam structure for perfectly welded case

TWB Shape of tensile test specimen (Elongation = 12.5%)
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Fig. 15 Parallel to weld tensile test specimen and its seam structure for imperfectly welded case
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Fig. 16 Perpendicnlar to weld tensile test specimen shape, (a) experiment and (b) simulation, and experimental and simulated
tensile curve for CQ(1.0t)-CQ(0.75t) tailored blank
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Fig. 17 Strain and stress distribution at uniform and local necking occurred CQ(1.0t)-CQ(0.75t) specimen
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