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Influence of high frequency vibration on microstructure and
mechanical properties of TIG welding joints of AZ31 magnesium alloy
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Abstract: A device for superimposing vibration on workpiece in both horizontal and vertical directions during tungsten-arc inert gas
(TIG) welding was developed, with maximum power output of 2 kW at frequency of 15 kHz. AZ31 sheets with thickness of 1 and 3
mm were used in the vibratory welding. Microstructures along with the mechanical properties of the weld joints under different
vibrating conditions (vibration direction, vibration amplitude and groove angle) were examined. It is observed that the grain size in
welding zone decreases remarkably with the application of vibration, while the amount of second phase §-Mg;;Al,, within the zone
decreases slightly; meanwhile, microhardness of the weld joints, macroscopic tensile strength and elongation of the weldment
increase. Vibration, especially the one along vertical direction, has more impact on the performance of the thick weldments. Influence
of vibration on microstructure and mechanical properties of weldments is affected by wave energy transferring in the melt and
depends on the processing and geometric parameters including amplitude and direction of vibration, thickness, and groove angles.
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1 Introduction

Welding methods of magnesium alloys include TIG
welding [1-3], MIG welding [4], friction welding [5],
laser welding or laser-TIG hybrid welding [6,7], electron
beam welding [8], resistance welding [9], and so on.
Among these technologies, TIG welding is the most
widely used one due to large penetration and small
consumption of electrodes. During TIG welding of Mg
alloys, clean surface of the plate can be obtained by
destructing, evaporating and removing the oxide film
with cathode spots. In general, however, due to the
. inherent properties such as strong affinity with oxygen
and nitrogen, low melting point, high thermal
conductivity and expansion coefficient, welding of Mg
alloys is more difficult than that of the ordinary steels.
Oxidation burning, porosity, crack, wide heat-affected
zone (HAZ) and large welding deformation, etc., are
prone to occur in the welding course, and it is difficult to
obtain weld joints that can match the performances of
base metal [2—4]. In the industrial environment, it is
important to develop proper welding methods of Mg
alloys.

For a long time, vibration, either at low or high
frequency, has been utilized in the field of welding for
specific purposes such as developing particular welding
processes and improving quality of the welding
structures. To date, numbers of researches have been
carried out on the topic, for example, the utilization of
vibration on welded parts to release the residual stress
[10]. Vibration can also be used as energy input for the
direct joining between sheets of similar or dissimilar
materials [11-14]. Recently, PATEL et al [15,16]
investigated the influence of ultrasonic spot welding on
microstructure in a magnesium alloy.

Generally, there is insufficient energy available for
activation of the microstructural changes when vibrating
after the welding, whereas vibration has significant effect
on the microstructure and properties of metal if it is
applied during the solidification of melt [17-19]. Based
on the knowledge, vibratory welding or vibratory weld
conditioning (VWC), which makes the workpiece vibrate
during the welding process via superimposing periodic
external force on the workpiece, was developed to reduce
welding residual stress and to improve the quality of
weldment [20-23].

Nevertheless, as an emerging technology, vibratory
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The improvement of mechanical properties of weld
joints is mainly a result of grain refinement. Besides,
vibration would speed up the convection of melt in the
weld pool and hence, bubbles and impurities are easy to
rise and removal of hydrogen is thorough during the
crystallization. Consequently, such defects as porosity
and slag are reduced and macro segregation in the fusion
zone decreases due to the wider turbulent layer.

4 Conclusions

1) With the application of vibration, microstructure
of the AZ31 TIG welding joints is markedly refined.
Average diameters of the grains within the joints
decrease from 49.4 pm (welded without vibration) to
27.3-34 pum (welded with varying vibration conditions).
Meanwhile, the amount of the second phase § within the
fusion zone decreases slightly, and the microhardness of
the joints, macroscopic tensile strength and elongation of
the weldments increase.

2) The degree of microstructure refining increases
with increasing the amplitude of vibration.
Corresponding to the microstructure, mechanical
properties of the welded samples reach the largest at
welding groove angle of 20° under V-vib due to the
highest cooling rate. The effect of vibration on the
microstructure and mechanical performances of weld
joints is more obvious for thick plate.

3) As a whole, the influence of vibration on
microstructure and mechanical properties of weld joints
is intrinsically related to the thermal condition and
solidification behavior of the molten metal. It is affected
by the wave energy transferring in the molten pool and
depends on the processing and geometric parameters
such as vibration amplitude, vibration direction,
thickness and groove angles of the sheets.
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