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Weld Shapes Prediction and Grain Size Prediction of
Deep-drawing Laser Tailor-welded Blank
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Abstract

The weld shapes of St12 and Stl6 deep-drawing steels were influenced by transient temperature
distributions. Based on the influence of temperature dependence, latent heat of fusion, convection and
radiation, the weld shapes prediction model was built. Additionally, the first and last nodes control
method was used in heat loading in order to make sure all nodes could be selected. Experimental results
showed that there were no significant differences between the predictive and actual weld shapes.
Furthermore , multiple regression prediction models of grain size in weld and heat affected zone ( HAZ)
were put forward based on PLS. The prediction accuracy of grain size in weld and HAZ was above 95% .
Therefore, the proposed models are reasonable and applicable to examine deep-drawing steel for
demonstrative purposes.
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e, LT el AN O PF KR B (laser tailor-
welded blank, fj #% LTWB ) % 5% JE AR 7000 46 7Y, I 4
& T W & /N = %€ B 3 ( partial least-squares
regression , i) /% PLS ) i 45 4% K H G2 i X kL RO
PRI RL, LSS0 KR LT IR AR 4% S H B i X &y
R ROSE B T

1 Z#HBRSEEDERNEL

L1 #ZEREX Mg

TR 450 PRC — Laser 2.5 kW 3 Bl 7 CO,
WO PR B A (0 ik th ) , >R F BT KR XU T | 48
BTS8P =1525 W, ULEN 0.7, KL
J10 0.2 MPa 323 o 2 m/min, AF =0, 63 H
o0 1 mm SR B A AR IE Dy 127 mm , BT A 45 5%
Yy 1T ARORE BL 0 O 1] o 4 AR AR IR PR Y A
JEJE i AE N 173 45 A iy s 4 b 1) ) 9T, D
2% ~4% SRR IR 1, 1 Leica 675 W AUBT |
SISCAC V6.0 R 43 AL A7 2H V0% 5 ik

SR bR SU2 SU6 TR SO BB TR 1
1.2 mm, i fF R~ 25 :500 mm x270 mm, #Ey =
e FROCBAY, 5 = 4E 453 B 5.0 SOLIDT70,
DR R m R, WA A
BB A DG B DX I8 (R B B I — /N B ) ST A RR
JUE T, MR R BORE ROSE O 25 mm x5 mm x
1.2 mm,

2 18 B AR TR IR Y S R M N B R e s
P, bk o TE U R FR G iR 25, AR SN e B AR 4 X dak
FH R W o A% R 73, 45 5% K
HEAAS e DX 40 9 4% )
oy RSP/ TOLBRE B AR,
0.1 mm x 0.1 mm x
0.2 mm (L) 4 i B ik ¥ B
i), ETHELRAA
SRR, AR AT L B AT R
SEPAAUASERY N 1 FT/R . Fig. 1 Finite element model
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Fig.2 Temperature distribution model of

LTWB in Stl12 type
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Fig. 3

Temperature distribution in weld thickness

direction of LTWB in St12 type
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Tab.1 Predictive and actual weld widths of LTWB in St12 St16 type

5§ 1fi BF 2 /mm
I R 28

0 0.2 0.4 0.6 0.8 1.0 1.2

T/ mm 0.65 0. 80 1. 09 1.39 1.62 1.75 1. 80

St12 S BR{E/mm 0.69 0.86 1.18 1.50 1.72 1.88 1.92
AT R 22/ % 5. 80 6.98 7.63 7.33 5.81 6.91 6.25

51 {& / mm 0.63 0.75 1. 05 1.35 1. 60 1.74 1.77

St16 PR {E/mm 0. 66 0.81 1.12 1.43 1.71 1.85 1.91
AT R 22/ % 4.55 7.41 6.25 5.59 6.43 5.95 7.33
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Fig.4 Actual weld, HAZ and predictive
weld of LTWB in St12 type
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Tab.2 HAZ grain size in intermediate layer of

LTWB in St12 type

SRR LB R /um 750 800 850 900 950 1000

foRL R SF/ m 52.5 37 28 23 20.5 19

FE 3 A B R ST PLS etk A5, il
T A8 SCA RO SR, 24 18 B AN BCh 3 i 8
ZER /N o WK TEREL 3 A 3 A3 B, B 000 A5E AR %
g S A A A BT R R T B . BT,
SR A i d5e /N 3 £ e Il A O AR 1 R RO [ ST
i A R T 0 A 7Y

y, =0.047 9x, —39. 877 3x, +

9.342 0x, +45.677 8 (5)
y, =0.032 9%, —30. 065 6x, +
5.093 24, +30.725 5 (6)
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CIWNIIECE S E S MR o R g E A
KRFR T 5 45 1 S5 O W 35 Ik A S R &R
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Tab.3 Predictive and actual grain sizes in

weld and HAZ of LTWB in St12 type

gy AR ORI E
B B SRR BN B SR AR

page k. PN KRR T g g

F9  /um /um  %E/%  /pm /um /%
1 64.264 63 2.006 37.886 37 2.395
2 60.527 62 2.376  35.849 37 3111
3 52.551 53 0.098  29.836 30 0. 547
4 60.934 60 1.556  35.593 35 1. 695
5 60.934 61 0.108  35.593 36 1.130
6  50.156 50 0.312  28.052 28 0. 187
7 60.143 62 2.995  34.515 36 4.124
8  57.341 57 0.598  32.987 33 0. 039
9 57.341 56 2.394  32.987 32 3. 085

Hi 22 3 n] L, A5 48 X B BAGRE R) IXC R ROST 1 9
A5 S PR fEL A ) 5 B2 32 50 e, AR B DX iR )T AR
X R 2E 0. 098% ~2.995% , #AFE MR X iy ki R
DA X R 250 0.039% ~4.124% , g KB, T ¢
PO AL R AT B4 b SE A (EL, T AT T I
b A= 7 o AR O DR AR 4 iR RO B0
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