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Abstract 5A06 aluminum alloy sheets were welded using a 4 kW fiber laser with
SAl-Mg5 filler. Processing parameters such as laser power, welding speed and wire
filler speed were optimized with the objective of producing a welded joint with
complete penetration and smooth welding profile. Influence of heat input on
microstructures and mechanical properties of butt joints have been studied. The
results show that the microstructure of the welding seam was dense columnar
crystals near to the fusion area and fine dendrites in the center. The crystal of heat
affected zone (HAZ) was coarsening and increased slightly with increasing heat
input, but the width of HAZ was only about 80 μm. With increasing heat input, the
mechanical properties of butt joints were improvement and the damage position
was migrating from HAZ to base metal. Scanning electron microscope
(SEM) observation on the fracture surface of welded joint showed that the pores
exerted a great influence on the reduction in strength and elongation, but the
microstructure of the welding seam hardly affected the tensile properties.

1 Introduction

5A06 aluminum alloy belongs to Al–Mg alloy, which is one of the most widely
used aluminum alloy in the welded structure because of its good corrosion resis-
tance, high specific strength, and good weld ability. It has been widely used in
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many industrial fields such as aerospace, automotive, machinery manufacturing,
electrical and chemical industry. Until now, the welding of this alloy is mainly
using the conventional arc welding methods such as metal-arc inert-gas (MIG),
tungsten inert-gas (TIG) and so on. However, due to the low melting point, high
heat conduction coefficient, low density, large linear expansion coefficient and other
characteristics of the 5A06 aluminum alloy, it is very easy to formation the pores,
cracks, heat distortion, and other welding defects in the weld and heat affected zone.
In particular, the softening of heat-affected zone after going through arc welding
thermal cycle lead to the joint strength of arc welding is often much lower than the
base material strength, which seriously restricted its application in industry [1].

Use high-energy laser beam to welding the aluminum alloy can greatly improve
the performance of joints because of its high energy density, but it can also lead to
the evaporation of high-temperature volatile alloying elements (such as Mg), which
greatly reduce the performance of weld joints. In addition, the burning of alloying
elements in laser welding can result in some weld shape defects such as undercut,
crack and porosity, which further lead to a decline in mechanical properties of joints
[2, 3]. Added the filling wire in laser welding can eliminate the above problems, and
many studies about it have been carried out [4–7]. However, the relationship
between laser welding heat input and performance of joints are still lack of sys-
tematic research.

In this paper, 5A06 aluminum alloy sheets with thickness of 2.0 mm were
welded using a 4 kW fiber laser with SAl-Mg5 filler. The relationship between laser
welding heat input and performance of joints were studied through the tensile test
and microstructure observation of weld joint.

2 Experimentations

The base material used in this study was 5A06 aluminum alloy with thickness of
2.0 mm. SAl-Mg5 aluminum wire (1.0 mm in diameter) was used as filler wire. The
chemical compositions of base material and filler wire are exhibited in Table 1. The
welding direction is along the rolling direction of the aluminum alloy plate
(150 mm × 100 mm). Argon gas was used as shielding gas and the flow rate was
16 l/min.

Experiments were carried out by using a 4 kW YLR4000 IPG fiber laser and a
VR7000 fronius wire feeder. The filler wire was supplied just ahead the laser beam
at an angle of 30° with respect to the surface normal, which can avoid laser leaking

Table 1 Composition of 5A06 and SAl-Mg5 (%)

Alloy x (Si) x (Fe) x (Cu) x (Mn) x (Mg) x (Zn) x (Ti) x (Al)

5A06 0.4 0.4 0.1 0.5–0.8 5.8–6.8 0.2 0.02–0.1 Bal.

SAl-Mg5 0.4 0.4 – 0.2–0.6 4.7–5.7 – 0.05–0.2 Bal.
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through the gap of the butt joint. The focus point of the laser beam was set at the
substrate surface, as shown in Fig. 1. The parameters of the laser welding experi-
ments are shown in Table 2.

3 Results and Discussions

Laser power and welding speed are two main factors that affect the quality of the
joints in laser welding. The matching relationship between them has a directly
affection on the geometric morphology, microstructure and mechanical properties
of the joints. In order to better understand the synergistic effect of laser power and
welding speed on the quality of welded joints. The ratio of laser power and welding
speed has been defined as K. when the unit of laser power (P) is watts (W) and the
unit of welding speed (VW) is mm s−1, the unit of K is J mm−1.

The geometric shape and mechanical properties of the weld joint with different
heat input is respectively shown in Tables 3 and 4.

The fracture location of tensile specimen with different heat input is shown in
Fig. 1.

The geometric shape of joints and the fracture location are both changed with the
decrease of heat input. The geometric shape of joints is similar “I” type when the
heat input (K) is higher or equal to 76 J mm−1 and the fracture occur in base metal,
therefore, it is safe to think that the mechanics properties of weld joint is equivalent
to the base materials. When the heat input decrease down to 58 J mm−1, the

(a)

(c)

(b)

(d)

Fig. 1 Fracture position of tensile specimen (a, b in base metal and c, d in HAZ)

Table 2 Laser welding parameters

No. Laser power P/W Wire feed speed
VF/mm s−1

Welding speed
VW/mm s−1

Heat input
K/J mm−1

1 2700 100 33 81.8

2 3800 130 50 76

3 3400 120 58 58

4 2700 120 50 54
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geometric shape of joints change into a “T” type, and the fracture location is also
migrating to HAZ, then, the joints tensile strength and elongation is lower than the
base materials.

Based on the above results, it can be say that the geometric shape of joints,
mechanical properties and fracture location are all closely related to the heat input.
The increase of heat input is beneficial to the formation of the geometric shape of
“I” type. Its upper weld width is approximately equal to the lower and the transition
between the seam and base material is relatively smooth in the joint of “I” type,
therefore, the stress concentration in the joint is relatively small, which is the reason
for fracture occurred in the base metal rather than the weld metal (see Fig. 2). With
the decrease of heat input, the joint of “T” type shall be get. Its upper weld width is

Table 4 The mechanical properties of the weld joint with different heat input

No. Heat input K/J mm−1 Tensile strength
σb/MPa

Elongation
δ/%

Break
location

1 81.8 310.75 25.27 Base metal

2 76 303.46 23.41 Base metal

3 58 286.76 17.47 HAZ

4 54 280.42 15.29 HAZ

1

Fig. 2 Microstructures of typical joint of “I” type
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bigger than the lower and a mutation between the seam and base material lead to a
very high stress concentration in the joint, which is the cause of that the fracture
occurred in the HAZ (see Fig. 3).

3

Fig. 3 Microstructures of typical joint of “T” type

pores

(a)

(c) (d)

(b)

Fig. 4 Fracture SEM images of No. 1 (a, b) and No. 3 (c, d)
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As for the joint of “T” type, the fracture location in the HAZ, both its strength
and elongation are decreased, the strength reduced less than 10 %, while the
elongation is reduced to about 40 %.

In order to further analyze the effect of heat input on the performance of the
joints, the SEM of tensile fracture surface for sample No. 1 and No. 3 (see Fig. 4)
has been made to further analysis of the fracture properties of joint. According to
Fig. 4, it can be see that the uniform distribution of dimples (see a, b in Fig. 4) is the
dominating character of the fracture surface except for scattered porosity in
No. 3 (see c, d in Fig. 4).

The uniform distribution of dimples in the fracture surface indicating the fault
belongs to plastic fracture; therefore a higher strength and elongation have been
getting for No. 1. The scattered porosity (see c, d in Fig. 4) may be the reason for
the decrease of strength and elongation in No. 3.

4 Conclusion

1. Heat input have an important influence on the geometric shape and mechanical
properties of joints. When the heat input (K) is higher or equal to 76 J mm−1, the
geometric shape of joints is similar “I” type which has the low stress concen-
tration due to the smooth transition between the weld seam and base metal, and
the fracture occur in the base metal with a high tensile strength. On the contrary,
when the heat input (K) is less than or equal to 58 J mm−1, the geometric shape
of joints change into a “T” type which has severe stress concentration due to the
cross-section mutation for the joint, and the fracture location is also migrating to
HAZ with a low tensile strength.

2. With the decrease of heat input, the escape of hydrogen bubbles become difficult
due to rapid solidification of weld pool during the laser welding 5A06 aluminum
alloy with filling wire, the formation of pores in the joint lead to significantly
reduced in the joint elongation.
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