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Abstract: A new hybrid welding process was successfully used to join aluminum alloy and stainless steel. In the MIG
welding—brazing process, the lower thermal conductivity of steel can cause dramatic change of temperature gradient on steel surface,
while the auxiliary TIG arc can change this phenomenon by heating the steel side. The auxiliary TIG improved the wettability of
molten metal, resulting in the molten metal spreading fully on upper surfaces, front and back surface of steel, forming a sound
brazing joint; the content of Cr and Ni elements in IMCs layer was increased, which can enhance the quality of the layer; and the
microstructure of IMCs layer also was improved, increasing the bonding strength with the weld seam. The average tensile strength of

the joint obtained with auxiliary TIG arc (146.7 MPa) was higher than that without auxiliary TIG arc (96.7 MPa).
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1 Introduction

Joining of dissimilar metals provides not only the
structure welded with the characteristics of dissimilar
materials, including physical, chemical, and mechanical
properties, but also a way of reducing the mass of the
structure and its energy consumption [1-3]. Thus,
joining aluminum alloy to stainless steel is a topic that
has received much attention in recent years. However,
this process is challenging because of the large
differences between aluminum alloy and stainless steel in
terms of thermo-physical properties, such as melting
point, and near-zero solid solubility of iron in aluminum
[4—6]. In particular, a strong tendency for brittle Fe—Al
intermetallic compounds (IMCs) to form at elevated
temperatures during the fusion-welding process should
be considered [7]. The large thermo-physical differences
in melting point, thermal conductivity, and thermal
expansion coefficient can lead to high residual stress in
the resultant welds after fusion welding. The welding
structure may suffer from heavy cracking in service due
to brittleness [8].

Many welding methods have been used in the
attempt to achieve the reliable joining of aluminum and

steel, including solid-state and fusion-welding [9—14]. In
the above mentioned processes, the geometry and
dimensions of the workpieces are often limited, and
some of the methods need high pressure, high energy,
and long working time, all of which imply high
production cost and low production efficiency. Recently,
new focus has been placed on welding—brazing processes
[15-18], for their high productivity. In previous studies,
the focal point was on controlling the excessive
formation of IMCs to reduce joint brittleness.

In this study, a new hybrid welding process is
successfully formulated to improve the microstructure
and mechanical properties of aluminum and stainless
steel hybrid joints. In the MIG welding—brazing process,
a synchronous TIG arc is used to heat the steel. A higher-
temperature field is established on the steel side to
promote the spreadability of the liquid filler metal. The
surface appearances of the welds and the interfacial
microstructure of the joints with or without the
synchronous TIG arc are contrastively analyzed by
optical micrograph (OM), scanning electron microscopy
(SEM), energy dispersive spectrometry (EDS), and
X-ray diffraction (XRD). The results show that the
auxiliary TIG arc provides a new way to improve joints
obtained from dissimilar metals.
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