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Research Status of Aluminum Alloy Welding Technology
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Abstract: This paper summarizes the latest research status of aluminum alloy welding technology in
China, and summarizes the welding joint microstructure evolution law of aluminum alloy welding
technology and the key points of corresponding welding technology, which provides a reference for
the current aluminum alloy welding research. In addition, this paper also points out the research
focus of aluminum alloy welding technology in the future.
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1. INTRODUCTION

Aluminum alloy has the advantages of low density, high specific strength, good corrosion resistance
and plasticity. As a light metal material, aluminum alloy has broad application prospects in aerospace,
automobile manufacturing, rail transit and other industries [*1. In practical production and application,
aluminum alloy is widely used as welded structural parts. However, in the welding process,
aluminum alloy has problems such as pores, cracks, coarse grains and softening of joint heat affected
zone 121 which seriously restricts the large-scale use of aluminum alloy. Therefore, the research on the
welding process and weldability of aluminum alloy has increasingly become a research hotspot of
Chinese and foreign scholars. At present, the welding methods of aluminum alloy mainly include
electron beam welding, plasma welding, laser welding, MIG welding, friction stir welding, etc. 1. By
summarizing the above welding methods and analyzing the characteristics of their welding process,
this paper points out the shortcomings in the current research and the research focus in the future.

2. LASER WELDING TECHNOLOGY

Laser welding tools have the advantages of high wired energy, small deformation, fast welding speed
and easy automation [, which are widely used in aluminum alloy welding. Zhou Yingcai etal®™ used
single pass multi-layer double-sided welding and high-purity argon to protect the molten pool to
conduct laser welding on 6016 aluminum alloy. The microstructure, mechanical properties and
corrosion resistance of the joint were studied. The results show that the component segregation of the
welded joint is serious, the structure distribution is uneven, and the weld center is mainly fine
equiaxed crystal. Han shanguo etal ¢! studied the relationship between different optical wire distance
and laser surfacing by using the methods of high-speed camera, appearance inspection and macro
gold equality. The results show that when the optical wire distance is the same, the weld penetration
under the three modes of single beam, double beam serial and double beam parallel decreases in turn,
and the weld offset occurs, The effects of single beam mode and double beam serial mode on welding
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wire melting and molten pool are similar. Zhang Chao [ studied the laser welding of 2219 aluminum
alloy by optimizing the welding process parameters. It is concluded that within a certain range, with
the increase of pulse frequency, the macro morphology is gradually optimized, and the defects such
as element segregation on the micro scale are also significantly improved. When the pulse frequency
is 27 Hz, the macro and micro defects are well suppressed, and the tensile strength of the weld is
270.3 0.9 MPa, About 69% of base metal. Fan Jikang etal®®carried out welding process test on 3003
aluminum alloy sheet. The results show that when the pulse frequency is 5000Hz, the swing
frequency is 100Hz and the laser power is 1350W, the overall microstructure of the joint is refined
and a good welded joint can be obtained.

3. FRICTION STIR WELDING TECHNOLOGY

Friction stir welding is a new solid phase joining technology. Simultaneous interpreting with
traditional fusion welding, friction stir welding has advantages of small grain size, good mechanical
properties, no soot, no spatter and little residual stress after weldingl® . Guo Huaizhi etal™ used
Deform-3D software to simulate and analyze the flow field and temperature field of 2219 aluminum
alloy friction stir welding. The results show that the overall flow of metal is vortex, the flow velocity
on the workpiece surface is greater than the internal velocity, the overall temperature distribution is
the highest on the surface in contact with the shoulder, and decreases along the thickness direction of
the workpiece. Wang Yao ™ carried out friction stir welding experiments on 5083 aluminum alloy.
The results show that the nugget zone of the welded joint is an equiaxed crystal structure with fine
grains, the grains in the heat affected zone are fine and elongated along the shear direction, and the
grains in the heat affected zone grow obviously. The mechanical properties of the joint are
significantly better than the traditional fusion welding, the tensile strength is about 90% of the base
metal, and the plasticity is equivalent to the base metal. Liu Ben etal 1 carried out friction stir
welding experiments on 6061 aluminum alloy with CoCrFeNi high entropy alloy powder as additive.
The results show that CoCrFeNi alloy powder can be successfully added to the substrate and well
combined with the aluminum alloy matrix. The spindle rotation speed and welding speed play a
decisive role in the weld formation. When the spindle speed is 11000 R / min, the welding speed is
150 mm / min and the shoulder depression is 0.06 mm, the optimal weld can be obtained.Wang
Changsong etal™*®lused 3mm 6082 aluminum alloy for friction stir welding. When the welding speed
is 1000mm / min, its tensile strength is the best, which is more than 235 Mpa and the welding
coefficient is more than 75%. At this time, the fusion width is the smallest and there are no weld
defects. In the nugget zone, the hardness decreases with the increase of welding speed; In the non
nugget zone, the hardness increases with the increase of welding speed.

4. MIG WELDING TECHNOLOGY

MIG welding technology has stable arc, small deformation and weak oxidation in the welding process.
Zhou Jinxu etal™lused MIG welding technology to weld 6005A aluminum alloy. The research shows
that the tensile strength of butt joint reaches 68% of the base metal, and the tensile shear strength of
lap joint reaches more than 50% of the base metal. The weld structures of both joints are fine dendrite
and equiaxed crystal, and the structure near the fusion line is coarse columnar crystal. Xu Teng etal(*®]
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conducted MIG welding with 7075 aluminum alloy as the research object. The results show that
compared with single-sided welding process, the metallographic structure of double-sided MIG
welding 7075 aluminum alloy weld is more uniform and fine, but there is little difference in
mechanical properties between the two, and the fracture occurs at the weld. The corrosion resistance
of the near seam area of single / double-sided MIG welded joint is better than that of the weld and far
away from the weld area. At the same time, double-sided welding improves the corrosion resistance
of the joint. Taking 6005A aluminum alloy as the research object, Hu Yunrui etal™lcarried out
experiments on multi pass MIG welding temperature and residual stress of aluminum alloy under
rapid cooling by means of test and simulation. The research shows that the rapid cooling process can
quickly reduce the welding temperature and narrow the range of high temperature area in the welding
process. Finally, the peak value of longitudinal residual tensile stress in the weld area decreased from
96.8 MPa to 77.2 MPa, with a decrease range of 20.2%. Huang Shaofu etal [*1 used 3mm thick 6082
aluminum alloy sheet for pulse MIG welding. The results show that the current and voltage are stable
and the arc characteristics are good in the welding process; The weld is well formed and the back is
fully welded. Through X-ray flaw detection and macro metallographic microscope, the weld and joint
have no defects such as incomplete penetration, incomplete fusion and crack, and the comprehensive
mechanical properties of the joint are good. The average tensile strength is 245 MPa, close to 80% of
the base metal strength, showing high connection performance.

5. CONCLUSION

With more and more research on aluminum alloy in different fields, aluminum alloy welding
technology began to become one of the research focuses. At present, the main research in China
focuses on the microstructure, mechanical properties and welding process parameters of welded
joints. As for the micro mechanism, the micro analysis mainly stays at the level of optical microscope
and scanning electron microscope, which requires higher-level micro mechanism analysis, such as
TEM, EBSD, etc. Therefore, two aspects should be emphasized in the future research of aluminum
alloy: 1) using more advanced testing equipment to study the microstructure and mechanical
properties of welded joints from a more microscopic point of view; 2) The relationship between
welding parameters and microstructure and mechanical properties of welded joints was
systematically studied.
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