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Abstract The ultrasonic assisted tungsten iners gas (U-TIG) welding is a newly developed arc welding method, which is

aimed at improving the weld quality and efficiency. TIG welding and U-TIG welding of 2014 aluminum alloy with 5 mm

thickness were experimentally carried out in this paper. The microstructure and porosity of welded joints were analyzed.

Compared with conventional TIG welding, the columnar crystals are changed into equiaxed crystals at the centre of weld zone

and the grain of fusion zone in U-TIG welding is refined and equiaxed. The porosities of joint decrease afier the ultrasonic was

applied on the arc. The mechanism of crystal grain refinement is discussed in this paper and the reasons of porosity decrease in

U-TIG welded joint may be due to the effect of acoustic streaming and cavitation, which need further research.
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0 Introduction

2014 aluminum alloy shows improved specific stiff-
ness and strength, better wear resistance and greater ther-
mal stability in respect to the corresponding unrein-forced
matrix alloys, thus finding application mainly in the aero-

[1-3) " Tungsten in-

space, automotive and motorsport fields
ert gas (TIG) welding is the most common industrial
welding process for aluminum alloy™’. Due to the disper-
sing of arc heat and low arc force, the conventional TIG
welding is poor in penetration, low in efficiency and coars-
ening in grains, which limit its applicationm . Researches
have been focused on achieving a more efficient welding
process and better weld quality in recent years. Although,
great efforts have been made to improve the efficiency,
such as activating flux TIG welding'®’, double-sided arc

‘8] and so on,

welding!”!, low frequency arc oscillation
each one has its limitation.

Ultrasonic is considered as a good way to refine the
grain size of metal. The dendrite is broken away from the
primary crystal and the nucleation process is accelerated to
refine grain by the effect of acoustic streaming and ultra-
sonic cavitations in molten alloys. When the ultrasonic vi-

bration is applied in the welding arc in TIG welding

process of 304 stainless steel, the welding arc is constric-
ted effectively and the weld penetration is increased under

(9] Therefore, it is inferred

the same welding parameters
that the ultrasonic wave should also have same effects in
the TIG welding process of aluminum alloy.

T this paper, U-TIG welding of 2014 aluminum alloy
was experimentally carried out. The differences of micro-
structure and quality of the welded joints between U-TIG
welding and conventional TIG welding of 2014 aluminum

alloy were analyzed.

1 Experimental procedures
1.1 Experimental setup

The main components of U-TIG welding system in-
clude three parts, the hybrid welding torch, the ultrasonic
power and the TIG welding power. The schematic diagram
of the experimental apparatus is shown in Fig. 1. The ul-
trasonic power outputs 20 kHz high frequency ultrasonic
wave. The design of U-TIG welding torch is based on the
ultrasonic vibration system consisting of ultrasonic convert-
er and the ultrasonic horn. The ultrasonic converter utili-
zes the reversed piezoelectric effect to transform high fre-

quency voltage into mechanical oscillation with same fre-
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Fig.1 Schematic sketch of the experimental system

quency. The ultrasonic horn amplifies the ultrasonic vibra-

tion amplitude. The ultrasonic wave is finally radiated

from the end of the ultrasonic horn into the arc environ-
ment. Tungsten electrode is installed at the center of horn
and is connected with TIG power source. Arc is ignited

between tungsten electrode and workpiece.

1.2 Experimental materials and parameters

The material chosen was 2014 aluminum alloy, which
chemical composition is shown in Table 1. Bead-on-plate
welding experiments were carried out to study the differ-
ences of microstructure between the U-TIG welding process
and the TIG welding process. The size of workpiece was
200 mm x 120 mm x5 mm. DCEP TIG welding was used
with helium as shielding gas. The welding parameters were
given in Table 2. The welded joint was then polished and
etched using Keller’ s reagent, i. e. , a solution mixture of
hydrofluoric acid (HF) , hydrochloric acid (HCL), nitric
acid (HNO,) and distilled water.

Table 1 Chemical composition of 2014 aluminum alloy (wt.% )
St Fe Cu Mn Mg Zn Ni Ti Other elements Al
0.6-1.2 0.7 3.9-4.8 0.4-1.0 0.4-0.8 0.3 0.1 0.15 0.15 the rest
Table 2 Welding parameters
Welding Gas Arc Electrode Tungsten Ultrasonic Ultrasonic
Welding current .
A speed flow rate length diameter elecirode angle frequency power
/ mm - min "’ /L min™" / mm / mm (°) / kHz /W
90 150 15 3 3 30 20 100

AC-TIG welding was also used with argon as shiel-
ding gas. Both of U-TIG welding and the conventional TIG

welding were carried out under the same welding parame-

ters, shown in Table 3. The size of workpiece was 200 mm

x 120 mm x 4.5 mm.

Table 3 Welding parameters

Welding Welding Gas Are Electrode Tungsten Ultrasonic Ultrasonic
current speed flow rate length diameter electrode angle frequency power
/A / mm * min~' /L mn™! / mm / mm (°) / kHz A
120 100 25 3 3 30 20 100
2 Results

Fig. 2 shows the cross section photos of welded joint
by both U-TIG welding and TIG welding of 2014 aluminum

alloy under the same welding parameters in Table 2. The

key dimensions of weld are shown in Table 4. The results
indicate that with the ultrasonic vibration applied, alumi-
num alloy welded joint with a thickness 5 mm can be fully

penetrated, while the maximum penetration depth of weld
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proved with the application of ultrasonic. The experimental

results of bead-on-plate U-TIG welding of 2014 aluminum

alloy show that ultrasonic can refine grain structure and

change the crystal mode from columnar crystals to equi-

axed crystals.
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