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Abstract The metallographic phases and tensile strength of tailored fiber laser welded blanks of Al-Si coated
Usibor1500 and Usibor1500 without coating are investigated, and the distribution of Al in the weld seams is
investigated by energy- dispersive X—ray spectroscopy (EDS). Ambient tensile strength is tested to study the
difference with or without top coating layer. The results show that, Al enters the weld seam and distributes in
the whole area of weld seam and be with local segregation, the mass percent of Al in two phases are 1.76% and
2.65%), respectively. Al-Si coating which entering the weld seam decreases the mechanical properties of weld
seam due to the formation of brittle phase, whose strength is 458~479 MPa, while the strength of base metal is
around 500 MPa. After removing the top layer of the coating, the mechanical properties increase distinctly,
whose fracture locations are consistently at the base metal.
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Fig.1 Platform for lap welding experiments and experiment site
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Table 1 Chemical component of experiment materials (mass fraction, %)

C Si Mn P S N Al Ti B Cr
0.23 0.27 1.13 0.013 0.001 0.0042 0.037 0.038 0.0025 0.16
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Fig.2 Coating condition of the experiment materials. (a) Original coating condition; (b) after removing the top layer

Mass fraction /%

2 3

Al 66.92 48.26 -
Si 20.45 883 0.31
Fe 0.76 28.07 90.51

Components

P 3 Sam bR 2 5 A TR 531 (AL Si, Fe)
Fig.3 Chemical components of the coating and base metal of experiment materials (Al, Si, Fe)
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Table 2 Welding parameters

Specimen number Coating condition Laser power P /kW Welding velocity v /(m +min™")
1# Al-Si 2 3
24 Al-Si 2 4
3# Al-Si 2 5
44 No coating 2 5

Xof S By B b K 0 S HEAT R AR SZ I AR GB/T 2651-2008 A7 A il 4% 25 10 # A R AR R R R SF 18 4 57
/R ffFH Zwick Z100 J5 BEA R 52 56 AL HE AT 28 U 0 25 B A 52 6, H 48 B A 2 mm/min, 5 3] 5 KR 8T g, IR0
LW RN E o A AR PR AR B B O OGS T T 3 BCR 4% W RE R COBEHEAT 3 s ST, 43 ) 46 A I B
Bt A1 A SR A L T R BUBR (SEM) JSM7600F HE 4706 2% 42 41 FR - #1148 1 SEM/EDS #1148 5 43 #7 -
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Fig.4 Tensile test specimen (unit: mm)
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500 pm

~ 500 um 500 pm

&5 R4l R 4 AH (x50)  (a) 1#, P=2 kW, v=3 m/min; (b) 2#, P=2 kW, v=4 m/min; (c) 3#, P=2 kW, v=5 m/min
Fig.5 Metallographic phase of laser tailor of weld seams(x50). (a) 1#, P=2 kW, v=3 m/min; (b) 2#, P=2 kW, v=4 m/min;
(c) 3#, P=2 kW, v=5 m/min
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Fig.6 Metallographic phase of laser tailor weld seam (x1000). (a) Al-Si coated Usibor1500; (b) decoated Usibor1500
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A B
Mass Atom Mass Atom
fraction /% fraction /% fraction /% fraction /%

Al 1.76 2.96 2.65 4.45
Si - = 0.62 1.00
Fe 92.36 74.87 91.28 74.00

7 JREE IS EDS AL (AL Si, Fe)
Fig.7 EDS spot scan in weld seam (Al Si, Fe)
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Fig.8 EDS line scan of Al component
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Fig.9 Liquid motion in laser welding as marked by tungsten pellet
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10 1~3#9FEAA I MR AL T 2407 % . (a) 14, P=2 kW, v=3 m/min; (b) 2#, P=2 kW, v=4 m/min; (c) 3#, P=2 kW, »=5 m/min
Fig.10 Fracture location in tensile experiments of 1~3# weld seams. (a) 1#, P=2 kW, v=3 m/min; (b) 2#, P=2 kW, v=4 m/min;
(c) 3#, P=2 kW, v=5 m/min

F3 RIS 4G

Table 3 Tensile strength of specimen

Tensile Tensile Tensile
Fracture location Fracture location Fracture location
strength /MPa strength /MPa strength /MPa
1# 457.99 Weld seam 463.36 Weld seam 46491 Weld seam
2# 496.39 Base metal 496.63 Base metal 450.12 Weld seam
34# 508.49 Base metal 508.13 Base metal 479.23 Weld seam

200 pm 200 pm| 200 pm

BT 1~3#A8 55 W 240 A B 2407 B (x100), (a) 1#, P=2 kW, =3 m/min; (b) 2#, P=2 kW, v=4 m/min; (c) 3#, P=2 kW, v=5 m/min
Fig.11 Location when fractures occur in weld seams (X100). (a) 1#, P=2 kW, v=3 m/min; (b) 2#, P=2 kW, v=4 m/min;
(c) 3#, P=2 kW, v=5 m/min

[ 12 Wi 44 5 (x500)
Fig.12 Fracture location (X500)
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Fig.13 Micro fracture appearances located in (a) weld seam and (b) base metal
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Fig.14 Fracture location in tensile experiments of 4# speciman
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Fig.15 Stress distribution of x—axis direction during tensile testing of the dumb—bell specimens (unit: Pa)
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