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ABSTRACT
Microplasma arc welding (MPAW) is one of the important arc welding method commonly used in
sheet metal industry. The study concerned the possibility of using the microplasma welding method
for joining thin titanium grade-2 sheets.
The welding process parameters were chosen for carrying out full penetration butt joints on 0.40.3mm thick titanium sheets.
The influence of the microplasma arc welding (MPAW) parameters on the microstructure, mechanical
properties and surface morphology at the fracture location of welded joints were examined.
The microstructure of base metal, heat affected zone (HAZ) and fusion zone were examined by optical
microscopy.
The welded joints showed ultimate tensile strength of maximum 486 MPa and minimum 400 MPa.
The hardness value of fusion zone and base metal observed to be 188 and 205 HV0.5 for 0.3mm thick
titanium sheet. For 0.4 mm thick titanium sheet, hardness value of fusion zone and base metal
observed to be 153 and158 HV0.5.
Fracture surface was examined by using scanning electron microscope (SEM).
The weld joint have failed in ductile fracture, 0.3mm thick titanium sheet have been broken in heat
affected zone. The other welded 0.4mm thick titanium sheets have been broken at base metal. None of
samples have been broken at fusion zone showing good quality of welds.
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1. INTRODUCTION
Pure titanium has good corrosion resistance, bio-compatibility and excellent weld ability. Therefore
aerospace, marine, chemical and petro-chemical related engineering constructions frequently use [1]
titanium. Also they are used as a material for medical implants due to their high bio-compatibility.
However, titanium materials are highly reactive when processing temperature exceeds 500 0C.
The surface of titanium can easily absorb gases such as oxygen, nitrogen and hydrogen from
atmosphere[2].
Hence in order to minimize these issues an appropriate shielding medium must be introduced to cover
the utilized weld area[3].
Few researcher have been working on area of MPAW of titanium sheet and investigated the
microstructural studies and mechanical properties of welded region compared to parent metal[4,5].
Microplasma arc welding provides a very concentrated plasma arc using a low current in addition with
a small diameter plasma jet obtained. Thus high temperatures and high rate of heating is achieved with
minimal arc wander by doing so the heat affected zone. The welding distortions and residual stresses
are minimized these factors are especially important when the welds of thin sheets considering these
properties[6,7].
In this study microplasma arc welding was used as welding process for pure titanium Gr-2thin sheets.
MPAW process and microstructural analysis and mechanical properties of welded materials were
investigated.
Results were evaluated an discussion regarding the findings were provided.
2. EXPERIMENTAL WORK
Commercially pure titanium sheets that 0.4mm and0.3 mm thick are used in this study. The chemical
composition of pure titanium Gr-2 is given atTable-1.
13

European International Journal of Science and Technology

Table 1. Chemical Composition of titanium Gr-2
%C
%0
%N
0.1
0,25
0,03
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%Fe
0,25
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%Ti
Balance

The welding of titanium Gr-2 is carried out by using(MPAW)welding machine. Before the welding,
samples are cleaned with acetone,(MPAW) welding process parameters are given at Table-2.
Table 2. Welding process parameters
Welding Current (A)
Welding Voltage (V)
Welding Speed (cm/minute)
Number of Passes
Shielding Medium
Battom purging gas flow rate (lt/min)
Argon Output from torch (lt/minute)
Tungsten Diameter (mm)
Tungsten Quality
Plasma gas lt/min
Plasma protective gas lt/min.

13,5- 18
14
90
1
%100 Argon
25
22
1.50
W20 red
4
15

Each welded joint has three structurally different zones, unaffected metal, heat affected zone and
fusion zone. These zones highly influence the strength of welds. The destructive test was performed
and the mechanical properties were assessed by tensile and hardness test. 4 tensile test samples have
been prepared. Tensile tests are carried out by using universal testing machine with 50 kN capacity.
The tensile properties of welded titanium for two different sheet thickness such as 0.3 mm and 0.4 mm
are presented in Table-3. The yield strength of the titanium joints is calculated by drawing a line
parallel to elastic portion of load elongation curve at 0.2% offset meets the curve. Ductility of the
welded titanium is calculated as percent of reduction of area. Tensile test force-elongation diagrams
are shown Figure-1. 0.4mm thickness weld samples are broken in unaffected base metal zone as
showing by Figure-2.0.3mm thickness weld samples are broken at heat effecting zone as showing
Figure-2.
Table 3. Tensile and yield strength of welded titanium
Values
Sample Number
1
2
Metal Quality
Ti-Gr2
Ti-Gr2
Thickness of Metal
0.30 mm
0.30 mm
Tensile
Rapture Zone
HAZ
HAZ
Test
Yield Strength (%0.2) 416
341
Results
Ultimate
Tensile 486
409
2
Strength (N/mm )
Reduction of area %
9
14

14

3
Ti-Gr2
0.40 mm
Base Metal
327
459

4
Ti-Gr2
0.40 mm
Base Metal
272
400

39

39
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Figure1-a. Force-Elongation Diagram

Figure 1-b. Force-Elongation Diagram

Figure 2. Broken Tensile Test Specimens
Hardness of welded titanium samples are measured by using vickers method. Micro hardness of
weldments are measured at fusion zone, heat affected zone and base metal (500gr loads for dwell time
of 10 s) zone. The results are given at Table-4.
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Table 4. HV 0.5 hardness results
Sample Number Base Metal
HAZ
1
205
205
2
201
194
3
161
164
4
159
155

HAZ
204
199
160
157

Fusion zone
188
187
159
147
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Base Metal
203
200
165
158

Metallographic tests were carried out at all of the welded specimens. The specimens are polished by
various grades of emery papers. The etching solution 2ml HF, 14ml HNO3, 24ml H2O is used.
Optical microscope was used for investigation of micro structure. Microstructure photographs are
given at Figure-3, Figure- 4 and Figure- 5.

Figure 3-a. Macrostructure of the welded specimen (50X)

Figure 3-b. Macrostructure of the fusion zone, HAZ, base metal (100X)
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Figure 4. Base Metal and HAZ zone (200x)

Figure 5.Microstructure of fusion Zone (100x)
The fracture samples obtained from tensile tests are further investigated under SEM. The joints have
failed in ductile fracture. Presence of micro voids is observed to be comparatively higher in fracture
surfaces of welded specimens shown at Figure -6.
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Figure 6. Fracture surface
As a result of the welding cycles with a peak temperature, a significant grain coarsening is noticed in
the fusion zone.
3. RESULT AND DISCUSSION
Welding parameters are optimized and established on sheet trials for full penetration butt welds.
Table-2 shows the welding parameters used, low current and voltage.
Table-3 shows the tensile property variations. Tensile and yield strength values for 0.3mm welded
samples are higher than 0.4mm welded samples. None of samples have been broken at fusion zone,
showing good quality of welds.
Ultimate tensile strength of 486 MPa is obtained for sample-1 and lowest ultimate tensile strength of
400 MPa is obtained for sample-4.
Table-4shows the hardness variations from the center of fusionzone to the base metal for0.3 mm and
0.4 mm thickness joints, average hardness of base metal are found to be 202 HV0.5 for 0.3mm and
161 HV0.5 for0.4 mm thickness joints. Average hardness of fusion zone are found to be 188 HV0.5
for 0.3 mm and 153 HV0.5 for 0.4 mm thickness joints. Average hardness of heat affected zone are
found to be 200 HV0.5 for 0.3 mm and 158 HV0.5 for 0.4mm thickness joints. The maximum value of
hardness is found at 0.3 mm thickness joints from tabulated values. It was noticed that hardness of 0.3
mm welded samples are higher than 0.4 mm welded samples.
Base metal microstructure of commercially pure titanium Gr-2 Consist of equiaxed recrystallized
grain of alpha (titanium sheet cold rolled and annealed).
The interface between the base metal and the heat affected zone clearly indicates that the region from
where thermal cycles occurred during the welding process operate acerbically on the change of
microstructure. Due to this complex thermal cycle, the equiaxed grains had grown in the largest size in
the fusion zone. Fusion zone consist of acicular alpha. The faster cooling rate produced acicular alpha.
18
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A significant grain coarsening size is noticed in fusion zone. As a result the degree of grain coarsening
decreased as one move from zone to base metal.
The joints have been broken in the heat affected zone and base metal. Base metal and heat affected
zone have failed in ductile fracture according to SEM examined.
4. CONCLUSION
On the basis of conducted tests, it is stated that the method of MPAW of thin sheets of Grade-2
titanium can be successfully used in the technique of joining the inseparable material without heat
related distortions. The welded joints strength is at the level of the strength of base material.
Welding parameters like welding current, voltage, welding speed, shielding medium and the others are
optimized and established from bead on sheet trials for full penetration butt welds. Heat affected zone
distortions are found minimum.
None of samples have been broken at fusion zone, showing good quality welds. The maximum value
of ultimate tensile strength is found 486MPa for 0.3 mm and 400MPa for 0.4 mm thickness joints. The
maximum value of hardness at fusion zone is 188 HV0.5 for 0.3 mm and 159 HV0.5 for 0.3mm
thickness joint.
A significant grain coarsening size is noticed in the fusion zone which consist of acicular alpha.
As a result the degree of grain coarsening decreases as one move from the fusion zone to base metal.
Fracture surfaces were examined by using scanning electron microscope. The base metal and HAZ
have failed in ductile fracture. The method is often fully automated to reduce operator related defects.
MPAW can be performed with or without using filler metal.
5. REFERANCES
[1] C.Leyens, M. Peters, “Titanium and Titanium Alloys Fundamentals and
Wiley-VCH Weinheim, 2010.

Applications”,

[2] J. Szusta, N. Tüzün, Ö. Karakaş, Monotonic Mechanical Properties of Titanium Grade-5 (6Al -4V)
Welds Made by Microplasma, Theoretical and Applied Fracture Mechanics,
100 (2019), P27-38.
[3] K. S. Prasad, C. S. Rao, D. N. Rao, Study on Weld quality Characteristics of Microplasma Arc
Welded Austenitic Stainless Steel, Procedia Engineering, 97(2014), P752-757.
[4] M. Baruah and S. Bag, Microstructural influence on mechanical Properties in Plasma
Microwelding of TiGr 5 6Al 4V Alloy, Journal of Materials Engineering and Performance,
25(11)(2016), P4718-4728.
[5] F. Karimzadeh, M. Salehi, M. Meratian, Effect of Microplasma Arc Welding Process Parameters
on Grain Growth and Porosity Distribution of Thin Sheet Ti6Al 4V Alloy Weldments, Mater.
Manufacturig Process, 20(2005), P205-219.
[6] M. Baruah, S. Bag , Influence of Heat Input in Microwelding of Titanium Alloy by Microplasma
Arc, Journal of Material Process Technology, 231(2016), P100-112.
19

European International Journal of Science and Technology

ISSN: 2304-9693

www.eijst.org.uk

[7] Winco K. C., Yunga B. Ralph W.B. Lee, R. Fenn, An investigation into welding parameters
affecting the tensile properties of titanium welds”, J. Mater. Process Technol 63 (1-3) (1997)
P759-764.

6. BIOGRAPHICAL NOTES
Ahmet Topuz completed his undergraduate in Mechanical Engineering at Yıldız Technical University,
and his Masters and Doctorate in Mechanical Engineering at the same University. He worked at the
Yıldız Technical University from 1974 to 2016. He has been working at the İstanbul Arel University,
department of Mechanical Engineering since 2017. His area of expertise includes materials science,
composites, heat treating, failure analysis, material testing methods and coating Technologies.
Abdülhamit Adsoy completed his undergraduate in Mechanical Engineering at Karadeniz Technical
University, and his Masters in Mechanical Engineering at Istanbul Technical University. He is
currently studying his doctorate at Istanbul Technical University. He worked as an R&D engineer in
the railway freight car design&manufacturing and power transmission for several years. He has been
working at the İstanbul Arel University, department of Mechanical Engineering since 2013. His area
of expertise include design, manufacturing, CAE, FEA, NDT testing applications.
Umit Senturk completed his undergraduate in metal education at Zonguldak Karaelmas (Bulent
Ecevit) University, and his completed welding engineering training at Gedik Education Foundation.
He worked on automotive industry and laser technologies from 2010 to 2014. He has been working in
Ayvaz for 6 years, including the first 3 years’ quality department and the last three years Research and
Development department. His area of expertise include specialization is welding, nondestructive
testing and robotic systems.
Tahir Köksal is a mechanical engineer completed his undergraduate in mechanical engineering
education at Technical University of Istanbul. He worked at many plants in different production
branches including plastics injections &extrusions, die design, CAM and CNC production. He has
been working as production manager of level gauges, steam traps & valves at Ayvaz Ind. A.S. for 8
years. He is a member of Ayvaz R&D center for last 2 years.

20

