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Effect of Butt Joint Gap to High-Strength Automobile Steel of
Fiber Laser Welding
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Abstract Laser butt welding of 1.6-mm thick dual-phase high-strength steel B340/590DP is performed by using a
4-kW fiber laser. Weld topography and cross secsion of different butt joint gaps are analyzed. And mechanical
properties, microstructure and microhardness of weld are tested. Laser butt joint welding of a three-dimensional body
part under optimized process is carried out. Crash tests are performed after welding experiments. The results of laser
welding experiments prove that weld with good appearance and narrow heat affected zone (HAZ) can be obtained
when butt joint gap is narrower than 18% (about 57. 6% of focused spot diameter) of sheet thickness under the
proper welding condition. When butt joint gap is narrower than 16% (about 51.2% of focused spot diameter) of
sheet thickness, the tensile strength of weld is better than the base metal. Different butt joint gaps have no
significant effect on the micro-hardness and microstructure of the weld. The crash tests prove that crash strength of
laser welds is in accordance with the design standards. Fiber laser butt welding is better than arc butt welding for a
three-dimensional body part.
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Table 1 Chemical composition of B340/590DP

(mass fraction, %)

Grade of steel ~ C Si Mn P S
B340/590DP 0. 18 0.8 2.2 0.035 0.030
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Table 2 Welding parameters

Group /mm

Laser power /W  Welding speed /(mm/min)

Gas-flow rate /(L./min) Defocusing distance /mm

1.6+1.6 2000 1200

20 +5
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Fig. 1 Weld topography of different butt joint gaps
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Fig. 2 Cross sections of joint
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Fig. 3 Cross sections of different butt joint gaps
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Fig. 4 Tensile strength of weld of different butt joint gaps
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Fig. 5 Tensile fracture of weld of different butt joint gaps

IR T B +5 mm B T2 S5 et
PR FIAE B2 T A 06 BE B A2 5 AR B BLAR A ] L X %
X AR B $2 18] B Ao VR (A T2 R il

A:%, 1
APz%?, 2)
dzzd{1+(ﬂg?>ﬁw (3)

AT AT S AR 6 BE A AN 4 M ot BE AR
HxtERB e R, b A B O H LR S
B (BPP) D 10 43 7 3278 56 A (1 6 B A% iz
YR WA M G R A R EOE K . d, A
d. S R A BB AR RN« IR EE H AR

R (1) ~ (3) X BL Kk 50 6 £F 306 2% 1
BPP {f FLAEBE B AR . 0] DU 3 4t 56 v ol o 7 5 4
OS5 mm B EEEE AR 0.5 mm, M50 45
AT LU L 7E G BE M 1R R X482 18] B A AR R 1)
20% (0. 32 mm, 25 K BE ELAR ) 64 %) BE, BO6 AT
SR AT LI AL B R 5 T BARE 4% o IR JtG AT LA 56 B B0
BE 0 8 B R 1 b G VR AR A R L (RDOE B
N 2 DR R S BT R R . H
FT ] 42 18] B 9 18 K DA R b Ak O a0 o BR oL S 3K
B AR R 7 1] 1) 3% 2 5 B /N L NS 4 ] 3 R
T 2200 0F JRaE EIR RS ALIR . Tt E B T b
il v, FUA A5 A8 W JRE 7 In) 1) 3% 2 B 3K B R B
I Bt Ry W U5 16 06 R i A AR v (2928 1 mm, kg BF
MMUSE ) 62,5 %) B, 48 4% 1) Hir it 5 BE A i 5 BE 44
AR o AH 25X (R BT — 2 B O BE AR A2 L E
BEOLE T AR A0 B DT PR T R B AR )
()3 122 8 5 . L0 AR 4 O 5 B B R 2 L 0 A0
Soe/INARRBEARUJRE T T 1 1 2 5 B A DXL UG R [ 1 O BE
LRI T A [a] 14 XoF 2 [ B A B & 3 A4 [8] A A

AW .
3.3.2 RmAEE

AIH HXD-10007 %5 204 B 2 i B 52 31,
BT 12 F 4 Sk B9 2 BB R . A KR b SR T
0.8 mmfz E AL . WIFEEHCIT IR LA 0. 2 mm [H] i i
BEII A T 15 ARl KK 0~ 14 FF45 H D Rl
R B AR i 3 Y OB WL 20 ) A J T XL B 0
B LR REL A DXL 240 it DX B X v 38 IS [ 7 8 )
5 AU A ICHE P PR D 12 X 381 A {1

P 6.7 4353l S x4 18] B S AR JRE #0265 10 06 Rl
20 V0 AR B 5 DX S OB 2 - 49 {8 41 A0 DA AR 4
Hol Z R XCRE L (AR A S P . IR 6 n] LA i
X e 1) It X e AR 2 5 DX 317 e 2 SF- 2 4 I K K
M o A [a] XoF 2 18] B X 11 A AR 5% 4 il X J38 - 2% i 4T
29y B b XCRE RE S BB A 1. 5 A% I A 2R A KL i
DX B2 P J4 4L B Tt DX A - B4 X BT AT X g
G 38 e fER Y DX B DR AR 45 3o e O AT 3 St Sk Y
“HAR”. MANE 7 T LI 3 oG 1 E] B A
MIREE s R X R 53 A1 i 35 R BOM ) S 44 3t IX
ML DR (A 4 B0 2 DX AR R {0 e B
R R IE B W R R A X

350 -—%

. 10%
300 4 . 20%
250 4

200 A
150 4
100 4
50 +
04

Hardness /HV

a b c d
Zones of weld
a: fusion zone, b: coarse grain zone,
c: fine grain zone, c: base metal

[ 6 5 5% 2% DX I 2 Bl ol 2 SF 24 1 [

Fig. 6 Micro-hardness average of different zones of weld
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Fig. 8 Micro-structure of different zones of weld
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