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Abstract The laser welding with pre— melting liquid filler is developed to solve the problems, such as the
reflection of incident laser energy by filler wire, and unstable keyhole in the process of laser welding with filler
wire. The melting and filling characteristics of aluminum alloy filler material about laser welding with pre-
melting liquid filler and filler wire are comparatively investigated. The results show that, in laser welding with
pre—melting liquid filler, the filler wire is melt by arc, the filling stage is continuous and stable due to liquid
metal wire relying on the guide role of the solid—state wire on the bottom inflow to the weld pool. It reduces
the reflection of incident laser welding energy. Compared with laser welding with filler wire, the liquid filling
material is far from keyhole edge so that it avoids the direct impact of fill material to the keyhole and the
molten pool has a big size for the escape of bubbles. So it will help reducing the aluminum porosity. Stability of
keyhole is improved in high speed welding. And it significantly improves the adaptability about the high—speed
welding and wire feeding accuracy.
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Table 1 Chemical composition of base metal A16156 (mass fraction, %)

Composition Mg Si Cu Mn Zn Fe Al

Al alloy 0.72 0.86 0.83 0.56 0.37 0.12 Bal.
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Fig.1 Schematic diagram of welding system
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Table 2 Technologic parameters of welding experiment

Welding parameters Values
Laser power /W 1600 ~ 5000
Welding current /A 30~ 130
Welding speed Vy /(m/min) 2~15
Wire feeding speed Vi /(m/min) 2~10
Filler wire-base metal angle « /(°) 20
TIG welding torch—base metal angle B /(°) 70
Tungsten height A /mm 3
Laser—filler wire distance Diy /mm 2.0
Laser— T1G welding torch distance Dyy /mm 3
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Fig.2 Schematic diagram of filler wire pre-melting. (a) Laser welding with filler wire; (b) laser welding with pre-melting liquid filler
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B3 IRZZFUERE . () BOGHIZZIE; (b) BOLHCS AL (P=1.8 kW, =50 A, Vy =2 m/min, V;=2 m/min)
Fig.3 State of filler wire pre—melting. (a) Laser welding with filler wire; (b) laser welding with pre—melting liquid filler
(P=1.8 kW, I=50 A, Vy=2 m/min, V¢=2 m/min)
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Fig.4 Molten pool size by two kinds of filling mode. (a) Laser welding with filler wire; (b) laser welding of pre-melting liquid filler
(P=1.8 kW, =50 A, Vi =2 m/min, V;=2 m/min)
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Fig.5 Keyhole size variation with time (Vi =2 m/min)
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o AR . (a) BOLHZM; (b) BOLRE I EM
Fig.6 State of keyhole. (a) Laser welding with filler wire; (b) laser welding of pre—melting liquid filler
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&7 WOt ez e A E M IE S . (a) V=6 m/min, P=3.6 kW, V;=6.0 m/min; (b) V4=8 m/min,P=4.0 kW, V;=7.0 m/min;
(¢) Vw=10 m/min, P=4.2 kW, V:=8.0 m/min
Fig.7 Molten pool appearances of high—speed welding by laser welding with filler wire. (a) Vy=6 m/min, P=3.6 kW, V:=6.0 m/min;
(b) Vw=8 m/min, P=4.0 kW, V;=7.0 m/min;(c) Vy=10 m/min, P=4.2 kW, V;=8.0 m/min

17 mm 18.8 mm

E 8 WOLW S S EE A M IE S . (a) V=6 m/ min, P=3.6 kW, V:=6.0 m/min, I=90 A; (b) V=8 m/min, P=4.0 kW,
Vi=7.0 m/min, /=100 A; (c¢) Vy=10 m/min, P=4.2 kW, V4:=8.0 m/min, /=110 A
Fig.8 Molten pool appearances of high—speed welding by laser welding of pre—melting liquid filler. (a) Vy=6 m/ min, P=3.6 kW,
V¢=6.0 m/min, /=90 A; (b) Vy=8 m/min, P=4.0 kW, V:=7.0 m/min, /=100 A; (c) Vx=10 m/min, P=4.2 kW, V;=8.0 m/min, /=110 A
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Fig.9 Molten pool size of different welding speeds
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Fig.10 Keyhole size variation with time by high speed welding (V=10 m/min)
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Fig.11 Laser welding with filler wire. (a) 7o +0 ms; (b) To+4 ms; (¢) To+15 ms (Vy=10 m/min, P=4.2 kW, V;,=8.0 m/min)

12 OGRS . (a) To +0 ms; (b) To+4 ms; (¢) To+15 ms (Vy=10 m/min, P=4.2 kW, V+=8.0 m/min, =110 A)
Fig.12 Laser welding of pre—melting liquid filler. (a) Ty +0 ms; (b) To+4 ms; (¢) To+15 ms
(V&=10 m/min, P=4.2 kW, V;=8.0 m/min, =110 A)
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Table 3 Weld appearances and cross sections of different welding speeds

Filling modes Parameters Appearances Cross sections
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Table 4 Porosity rate by different fuse mode

Filling modes X-ray inspection and image analysis S1%

Laser welding

Laser welding
with pre-melting

liquid filler 0.08
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Fig.13 Schematic of laser and wire offset
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Fig.14 Shape of laser beam and wire offset. (a) Wy=1.0 mm; (b) Wy= 0.5mm (V=2 m/min, P=1800 W, V;=2 m/min, =50 A)
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