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Steel-to-Aluminum Fiber Laser Butt Welding with Si
Powder Pre-Filling
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Abstract Technical problems like difficulty of fusion and brittle intermetallic compounds between Fe and Al are
urgently to be solved in order to get high quality steel-to-aluminun weld seam with high efficiency. Low-carbon steel
and aluminun alloy sheet (thicknesses are 5 mm and 6 mm, respectively) are welded in butt way by a fiber laser.
Welding conducted with Si powder as the filler placed in the end before welding is also researched. Good welding
beads have been obtained through adjusting the process parameters and pre-filling Si powder. The welding bead is
detected and observed by metallurgical microscope, scanning electron microscope, X-ray diffraction and some other
ways. The results indicate that dissimilar steel and aluminun can be connected by laser welding under heat conduction
welding mode under the conditions that laser power is 1.8~2.0 kW, welding speed is 8 ~10 mm/s, defocusing is
—2 mm, protective gas is Ar, gas flow rate is 15 L/min and offset to crevice between steel and aluminun is 0.2 mm.
The grains in weld zone are fine. Micro-hardness in weld zone is higher than those in heat affected zone and base
material. The boundary between steel and aluminum is clear. Two base materials are combined by the molten metal,
embedded in each other like gears. The quantities of the melting metals Fe and Al in the pool are controlled. The
fluidity of the pool is improved by the Si powder filler and it is good for melting metal to spread out in the end of the
sheets. Compounds of Al,Si and Fe,, Si,,; with better stability are found and the generation of intermetallic
compounds of Fe-Al is inhibited.
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Table 1 Main technical parameters of the laser

Laser Divergence angle Focal length Focal spot Wavelength
Parameter Laser mode
power /kW a /rad f /mm diameter d /mm A /nm
Value < 4. 0(continuous) TEM,, <0.15X107° 200 0.4 1070
80 mm
g
g
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(a) design drawings of specimen

(b) specimen by wire cutting
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Fig. 1 Schematic diagram of welding specimen
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Fig. 2 Schematic diagram of laser butt welding
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Fig. 3 Appearance of weld
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Table 2 Optimized process parameters of steel-to-aluminium laser butt welding

. Welding Protective gas type and
Laser power P /kW Defocusing f /mm speed V /(mm/s) Offset d /mm flow rate Q /(L,/min)
1.8~2.0 —2.0 8~10 0.2 Ar/15
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Fig. 4 Crystalline phase of weld without filler
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Fig. 5 Crystalline phase of weld with Si filler
FREEXHL LA DR A g X AR I S SR a8 . T LU 4 AR A & S Ak
AXE PRI AT o FFEE R KO SE R AL B 0 SRR LR O RE BT AR 4 A S T AL A Y 5 R EL A
RLA /N SRR B BRLZ T O BT . PTHURARER L BAE R A S  SE R ],
6 R 7 0500 g O KR TUE. SiORy IS 89 /665 X & ?Fﬁj’ﬁj‘ﬁﬁmiﬁqj AP TR ERCT L A

| &

6 JG T A AR A IX 4 e B TR
Fig. 6 SEM of weld without filler
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Fig. 10 XRD of weld without filler

B/ 50 SR R R R R i TRl T SR
AT RSB 5 A B e v r) 3L 3 L e
SREENEMAT. B LEm T REREARS, 335
Fe Al TR RYIR G 985 (LI T 23840 BOR P
oy Bt A5 T 38 K (G W& Ry i R 10 pm; TUE Si M S
1000 pm) ., WAk, T2 S B0k ] B fE 4, K2
SRR RIEE PRI LT 2 mm &b, Sk
114 e Yk A2 R 4 e A AL 3 B s T A X3 4 4K
X P FITE R ) J7 1) R A o B 8, R T Si
Ky E HE T2 Fe ALIRASER T L2,

800 : 1400
Al Si— Fe Al Si— Fe
1 o ! £ 1000
§ 5001 § ]
aluminum g 400F 5
£ 300} g 600
ks | 2 00}
E 200 E A
100 - ] H, | | 200F " ‘ ' ‘\;w\.‘»i
o 1] i it i e S T
0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
Distance /pm Distance /um
(a) position of line scanning (b) EDS of line a (c) EDS of line b

B1T f5E AR 4E X EDS 4 #2521
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