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Abstract: TC4 titanium alloy was welded by double-sided gas tungsten arc welding( GT AW) process in comparison

with conventional GTAW process, the microstructure and mechanical performance of weld were also studied. The
results indicate that double-sided GTAW is superior over regular single-sided GTAW on the aspects of increasing

penetration, reducing welding deformation and improving welding efficiency. Good weld joint was obtained, which

can reach 96. 14% tensile strength and 70. 85% elongation percentage of the base metal. The grains in heat-affected

zone( HAZ) are thin and equiaxed and the degree of grain coarsening increases as one moves to the weld center line,

and the interior of grains are aand a structures. The coarse columned and equiaxed grains, which interlace marten-

5 3 ’ . . : ;
sitic structures A and acicular a structures, are observed in weld zone. The fracture mode is ductile fracture.
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1 INTRODUCTION

Titanium alloy is an important structural met-
al developed in 1950s. Because of its high strength-
to-mass ratio, good corrosion resistance and other
excellent properties, it has been paid more and
more attention to in the aerospace and aviation in-
dustry!''. For its poor heat conductivity, wide
welding seam heat-affected zone( HAZ) and coarse
grains are often obtained during conventional arc
welding process, which directly lead to poor joint
mechanical properties, especially for the thicker
plates, so the heat input must be controlled ™ .
Doublesided arc welding( DSAW) , firstly invented
and studied by ZHANG of Kentucky University
(USA) in 1998, is a highly efficient welding
process, which can enhance the welding productiv-
ity without increasing costs and obtain deeper pen-
etration with low heat input'™'".

6061 aluminum alloy weldments were welded
with DSAW process by Zhang and satisfactory mi
crostructures and mechanical properties were ob-
tained' ™ ', PAN in Wuhan U niversity had an in-
depth study on the solidification microstructural
characteristics of double-sided arc welding process
on 304 austenitic stainless steels''* . The feasibility
of applying double-sided GTAW process on TC4
titanium alloy is studied in this paper. And then
the mechanical properties and microstructure dur-
ing DSAW process are also presented.

2 EXPERIMENTAL

An experimental system shown in Fig. 1 was
developed to verify the proposed doublesided
GTAW process. Two DC welding power supplies
were used, and electrical connections between
workpiece and power supplies allowed the welding
current to complete two separate loops. Two
GT AW torches were placed on both sides of work-
piece and kept coaxial.

Fig. 1 Schematic diagram of experimental setup

The base material is TC4 titanium alloy,
whose chemical composition is listed in Table 1.
The workpiece dimension was 120 mm X 60 mm X
4.35 mm. The workpiece was firstly ground by u-
sing stainless steel brush and sandpaper to remove
the oxide film, and then cleaned with acetone to
It is dif-
ficult for titanium alloys to be welded because they
are extremely

. . «1[ 15
remove the organism such as oily soil' .

chemically reactive at high
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During welding, titanium alloys
absorb large amount of oxygen(0O), hydrogen(H),
and nitrogen(N) from the atmosphere. In order to
prevent the weld zone and HAZ from being oxi
dized, big pore-sized nozzles and shielding hoods
were designed. Table 2 lists the welding parame-

ters in the experiments.

Table 1 Chemical composition of
titanium alloy T C4 (mass fraction, %)
Al \4 Fe C N H 0 Ti

6.0 4.1 0.05 0.01 0.027 0.006 0.12 Bal.

Table 2 Welding parameters

Welding Welding speed/ Diameter
currents(A& B)/ A (mm * min~ ") of nozzle/ mm
80 200 12
. Gas flow Gas flow of
Dlamlet(ir Odf ;ungsten of nozzle/ shielding hood/
electrodel mm L* min™' L* min™'
( ) (
3 10 15

The tensile tests were carried out on the IN-
STRON Series IX auto-material test machine at a
crosshead speed of lmm/ min. The microstructure
photos of fracture belt were taken by scanning e
lectron microscope ( SEM ). The test pieces with
better mechanical performance were cut in the
cross section direction, and then ground with fine
sandpaper, polished with emery polishing pow der,
and eroded with etching solution (V(HF):
V(HCL) : V(HNOs3) : V(H20)=1: 1.5 2.5:
95). The microstructures of welding joints were
observed with optical microscope.

3 RESULTS AND DISCUSSION

3.1 Surface appearance of welds

Fig. 2 shows the photos of weld surface ap-
pearance when the current of the two torches is 80
A. The surface of weld is smooth and uniform, the
weld zone and HAZ are well protected and no defects
of deformation, gas cavities and cracks are found.

3.2 Macrostructure and microstructure of welds
Fig. 3 shows the weld macrographs of cross
section in singlesided GTAW and doublesided
GTAW process with the same welding parameters.
As we can see in Fig. 3(a), the top and back
fusion-zone mix together, the weld is full penetra-
ted and the width of the weld is 6. 8 mm. While the
penetration of the test piece in Fig. 3(b) reaches
1/3 of the plate, in order to get full penetrated
joint with conventional GTAW process, 275 A of
the welding current is necessary but the width is
15. 6 mm. Double-sided GTAW is superior over
regular single side GTAW on the aspects of in-

(b)

Fig. 2 Photos of welded test piece
(a) —Top surface; (b) —Back surface

(b)

Fig. 3 Weld macrographs of cross section
(a) —Double-sided GTAW;
(b) —Single-sided GTAW

creasing penetration, reducing heat input and sav-
ing energy.

Fig. 4(a) shows the microstructure of the base
metal. The equiaxed a+ B phases are observed at
the matrix in Fig. 4(a), in which the bright parts
are the aphase and the dark parts among the grains
are transition B phase. As we can see in Fig. 4(b)
and Fig. 4(c¢), the structures in HAZ have obvi-
ously changed and the grains are fine for growing
into equiaxed grains during the thermal cycles in-
volving rapid heating and cooling. The degree of
grain coarsening increases as one moves to the mid-
dle of weld, and the interior of grains are a and d
phases. The coarse columned and equiaxed grains,
which interlace martensitic structures d and a
small amount of acicular astructures, are observed

in weld zone(see Fig. 4(d)).

3.3 Tensile strength test

The tensile strength tests were done with the
base metal and weld, and the experimental data are
listed in Table 3. The joint can reach 96. 14% ten-
sile strength and 70. 85% elongation of the base
metal. Fig.5 shows that the irregular fracture is of
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Fig. 4 Microstructures of titanium alloy DSAW joint
(a) —Base metal; (b), (¢) —HAZ; (d) —Weld zone
Table 3 Experimental data of elongation test in base metal and weld
Test pi Peak load/ Maximum stress/ M aximum Yield load/ Yield stress/  Elongation/
est plece kN MPa displacement/ mm kN MPa %
Base metal 6.525 1088 3.206 5. 960 993. 4 17.43
Weld 6.275 1046 2.463 - - 12.35

Fig. 5 Photos of fractured test piece

shear appearance, and the test piece fractures in
the middle of the weld.

Dimples and polygonal contours are observed
in fracture photos taken by SEM. As we can see in
Fig. 6(a),

clear overlaying tear ridges, and the cavities below

uneven distribution of dimples with

dimples are also observed. And the large size dim-
ples are surrounded with some exiguous ones.
Figs. 6(b) and (c¢) show the latticed structures on
the contour faces of grains which may be brittle
compounds produced by titanium alloy absorbing a
small amount of harmful elements during welding,
such as hydrogen and oxygen. The coarse column-
ed grains in the fusion zone are rapidly formed,
which leads to the harmful elements concentrating

on the grain boundaries, reduces the binding force
of grain boundary and resisting force of fracture of
titanium alloy. Fig. 6 shows that the fracture mode
of the titanium alloy weld joint is of ductile and
brittle fracture characteristic because of the dim-
ples and contour faces of grains. However, the
dimples are the main appearances, therefore the
fracture mode is ductile fracture.

4 CONCLUSIONS

1) The TC4 titanium alloy can be successfully
welded by doublesided GTAW process at appro-
priate welding parameters. The welded joint has
good surface appearance without obvious deforma-
tion and defects of cracks and gas cavities.

2) The doublesided GT AW process is superi-
or over the regular single side GTAW process on
the aspects of low heat input, decreasing the width
and deformation of welds and refining grains.

3) The grains in HAZ are thin and equiaxed
and the degree of grain coarsening increases as one
moves to the weld center line, and the interior of
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Fig. 6 SEM photos of fracture of

tensile samples

. /
grains are d and d structures. The coarse column-
ed and equiaxed grains, which interlace martensitic
4 :
structures a and acicular a structures, are ob-

served in weld zone.

4) The joint can reach 96. 14% tensile

strength and 70. 85% elongation of the base metal.
The fracture mode is ductile fracture.
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