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1. ABSTRACT
	The materials are welded through various welding techniques. The most familiar method of welding is (Shielded Metal Arc Welding) SMAW welding. The most efficient welding is GTAW (Gas Tungsten Arc Welding) welding. In this paper, deal with the comparison and analysis of weld characteristics of SMAW and GTAW welding. To compare the weld characteristics of SMAW and TIG welding, stainless steel of stainless steel 304 is used. First the material is welded by SMAW and GTAW welding. Radiography testing is checked on the welding surface of the material to find out the internal cracks and holes in the welded surface. And then liquid penetrant testing is done on the material to find the defects on metal surface such as cracks, pores etc. And the hardness testing is done to find out the Rockwell hardness number for both the arc and GTAW welded surface. Rockwell hardness testing is done to find out the variation in hardness number on welded zone, fusion zone and the base metal. Finally we also find the value of tensile stress of the each welding process of weld joints are studied and compared with those properties of each process related to the base metal. Thus the weld characteristics of GTAW welding and SMAW welding of SS304 material is compared and analyzed.
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2. 
3. INTRODUCTION

Weld characteristics of SMA welding and GTA welding using SS304 material is going to be analyzed.

2.1 ARC WELDING
	Arc welding is a one type of welding that uses a welding power supply to create an electric arc between an electrode and the base material to melt the metals at the welding current point. They can use either direct (DC) or alternating (AC) current, and consumable or non-consumable electrodes. The welding region is usually protected by some type of shielding gas, vapor, or slag. Arc welding processes may be manual, semi-automatic, or fully automated. First developed in the late part of the 19th century, arc welding became commercially important in ship building. Today it remains an overriding process for the fabrication of steel structures, Fabrications and vehicles. This is good welding process. It is one of the methods of fusion welding process of joining two metal pieces by melting their edges by an electric arc between two conductors. The electrode is one conductor and the work piece is another conductor. The electrode and work piece are brought nearer with a small air gap, the gap should maintaining nearer 3mm approximately [1].
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Fig. 1 Arc welding
2.2 GAS TUNGSTEN ARC WELDING


	Gas Tungsten Arc Welding (GTAW) is a widely used process for stainless steel metal joining. Its arc is established between the tip of a no consumable tungsten electrode and the work piece with a shielding gas applied to protect the arc and the weld pool area. The GTAW process can be used in welding a wide variety of metals. It is typically used for root passes on pipes and thin-gauge materials [2]. 
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Fig 2 TIG welding
GTAW is most commonly used to weld thin sections of stainless steel and non-ferrous metals such as aluminum, magnesium, and copper alloys. The process grants the operator greater control over the weld than competing processes such as shielded metal arc welding and gas metal arc welding, allowing for stronger, higher quality welds. However, GTAW is comparatively more complex and difficult to master, and furthermore, it is significantly slower than most other welding techniques.
4. TESTING METHODS 

	First we select the non destructive methods (Radiography Test, Penetrant Test, and Hardness Test) two find out the specimen quality, surface finishing, hardness and at final we apply tensile test to find out the strength of SS304.

4.1. RADIOGRAPHY TEST

	Radiography is used in a very wide range of applications including medicine, engineering, forensics, security, etc. In NDT, radiography is one of the most important and widely used methods. Radiographic testing (RT) offers a number of advantages over other NDT methods, however, one of its major disadvantages is the health risk associated with the radiation. In general, RT is method of inspecting materials for hidden flaws by using the ability of short wavelength electromagnetic radiation (high energy photons) to penetrate various materials. 
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Fig 3 Radiography Test

The intensity of the radiation that penetrates and passes through the material is either captured by a radiation sensitive film (Film Radiography) or by a planer array of radiation sensitive sensors. Radiographic inspection is used extensively on castings and weldments for steam power equipments (boiler and turbine components and assemblies) like Super heaters, Water Walls, down comer Pipes, Connecting tubes and Headers and other high pressure systems and valves. So the quality of the welded specimens has been examined by gamma ray radiography. ASME Section V has been followed to perform the radiography tests on the welded specimens [3].

3.2    PENETRANT TEST

	Penetrant testing (PT) is one of the most NDT method used for the detection of surface discontinuities in nonporous solid materials. It is almost certainly the most commonly used surface NDT method today because it can be applied to virtually any magnetic or nonmagnetic material. PT provides industry with a wide range of sensitivities and techniques that make it especially adaptable to a broad range of sizes and shapes. It is extremely useful for examinations that are conducted in remote field locations, since it is a portable one. So the Penetration testing is a including method to show the vulnerabilities in a system [4]. It offers benefits such as prevention of financial loss; compliance to industry regulators, customers and shareholders; preserving corporate image; proactive elimination of identified risks.	
3.3  ROCKWELL HARDNESS TEST
	The Rockwell Hardness test is a hardness measurement based on the net increase in depth of impression as a load is applied. Hardness numbers have no units and are commonly given in the R, L, M, E and K scales. The higher the number in each of the scales means the harder the material. In the Rockwell method of hardness testing, the depth of penetration of an indenter under certain arbitrary test conditions is determined. The indenter may either be a steel ball of some specified diameter or a spherical diamond tipped cone of 120° angle and 0.2 mm tip radius, called Brale. The type of indenter and the test load determine the hardness scale (A, B, C, etc) For soft materials such as copper alloys, soft steel, and aluminum alloys a 1/16" diameter steel ball is used with a 100-kilogram load and the hardness is read on the "B" scale. In testing harder materials, hard cast iron and many steel alloys, a 120 degrees diamond cone is used with up to a 150 kilogram load and the hardness is read on the "C" scale.[5]
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Fig 4 Rockwell Hardness test


3.3   TENSILE TESTING 

      Tensile test is known as a basic and universal engineering test to achieve material parameters such as ultimate strength, yield strength, % elongation, % area of reduction and Young's modulus. These important parameters obtained from the standard tensile testing are useful for the selection of engineering materials for any applications required. And tensile testing is carried out by applying longitudinal or axial load at a specific extension rate to a standard tensile specimen with known dimensions till failure. The applied tensile load and extension are recorded during the test for the calculation of stress and strain. For instance, ASTM standard test method for tension testing of metallic materials and ASTM B557 is standard test methods of tension testing wrought and cast aluminum and magnesium alloy products A standard specimen is prepared in a round or a square section along the gauge length depending on the standard used[1].
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Fig 5 Tensile Testing

5. EXPERIMENTAL METHODOLOGY
	The steel can able to weld in different welding processes and give results having different type strengths. And the effect of welding on GTAW and SMAW welding process on steel 304 is changes its original property. The mechanical property of the welded area of Shielded metal arc welding piece and Tungsten inert gas welding piece is to be analyze and it has to shows the strengthened value that closer to parent metal property. To find out the hardness values of the weld area of shielded metal arc welding piece and GTA welding piece so as to say the better hardness value when we compared to Base metal hardness. To analyze micro structure of shielded metal arc welding and tungsten inert gas welding pieces on welded area and base metal so as to shows the micro structural effect of welding.[1]
	Composition 

	C
	Si
	Mn
	Cr
	S
	P
	Ni

	AISI SS 304

	.06
	.32
	1.38
	18.4
	.2
	.4
	8.17



There are 4 stainless steel plates having the length and width 200mmX150mm and 6mm thick plate. Two plates are joined by SMAW simply called as arc welding by SMAW welding of plates. With having the 450 angle of each plate forming V-groove at 0.5mm bottom thick for welding. The process can use butt welding of joining process. The electrode and work piece are brought nearer with a small air gap, the gap should maintaining nearer 3mm approximately. Both AC and DC power can be used equally effectively. The SMAW circuit diagram for the process. When current is passed, an electric arc is produced between the electrode and the work piece. The electrode and work piece is melted by the arc.
4.1 RADIOGRAPHIC TEST:

 FOR GTAW
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FIG. 6 GTAW RT film
The fig 6 shows the RT. And some very small range of dark dots is in film. That will intimate the interpass slag of inclusions.  If improper welding procedures are used, tungsten may be entrapped in the weld. Radiographically, tungsten is denser than aluminum or steel; therefore it shows up as a lighter area with a distinct outline on the radiograph.
FOR SMAW
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FIG. 7 SMAW RT film
The figure 4.1shows the dark line mention lack of penetration in film RT. So the welded area in minor gap. So this type of welded is not preferable for ss304.
PENETRANT TEST	 
	 The penetrant test result shown in below figures.  GTAW welding method is suitable process for ss304. Because no surface holes are shown in welded area after the penetrant treatment. Thus the Penetration testing is a comprehensive method to find out the vulnerabilities in a welded area [4].
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Fig PT photo for GTAW (No visible severe defect)
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Fig. PT photo for SMAW (Hole on the surface of the welded area)

4.2. ROCKWELL HARDNESS TEST
	The following tables and graphs shows the SMAW & GTAW welded hardness values and discussed with detail.
4.2.1. TABULATION 
 FOR SMAW WELDED SURFACE:
	SL. NO
	POSITION
	HARDNESS NUMBER
(C scale)

	1
	A(Base metal surface) 

	14

	2
	B(Heat affected zone)
	42

	3
	C(weld metal surface)
	59

	4
	 D(Heat affected zone) 

	43

	5
	E(Base metal surface)
	14




4.2.2. FOR TIG WELDED SURFACE:
	SL. NO
	POSITION
	HARDNESS NUMBER
(C scale)

	1
	A(Base metal surface) 

	18

	2
	B(Heat affected zone)
	46

	3
	C(weld metal surface)
	65

	4
	 D(Heat affected zone) 

	48

	5
	E(Base metal surface)
	20





	Tested 
workpiece
	Final Specimen Width in (mm)
	Final Specimen Thick in (mm)
	Final Gauge Lenth in mm
	Final Crosssection Area in mm2
	Yield load in KN
	Yield Sress in N/mm2

	
	7.8
	3.8
	78.0
	30.05
	42.3
	455


For in this region, the SMAW hardness value 59 on the surface . on TIFG  welding hardness value 65. So the Tig welded ss304 material is much more give hardness than SMAW welded ss material if any number.


4.3. TENSILE TESTING[image: ]

	The ASTM (American Society for Testing and Materials) standard tensile testing specimen for tensile testing on as per norms of ASTM A 240 on welding work piece. Mainly there are two types of standard dimensions one for plate and another for rod type specimen. Now the profile is used for welding of plate type specimen. So the selection of standard tensile testing specimen is plate type standard specimen for welding.[1]

Base metal Tensile Tested Results

	Peak load in KN
	Tensile Stress in N/mm2
	Reduction in Area in %
	Elongation in %

	50
	708
	68
	52



Testing Results for BASE METAL

	SL.No
	Tensile Stress in N/mm2
	Strain

	1
	0
	0

	2
	415
	0.25

	3
	690
	0.46



Testing Results for SMAW

	SL.No
	Tensile Stress in N/mm2
	Strain

	1
	0
	0

	2
	305
	0.24

	3
	599
	0.46



Testing Results for GTAW
	SL.No
	Tensile Stress in N/mm2
	Strain

	1
	0
	0

	2
	355
	0.22

	3
	652
	0.47




X axis – strain 
Y axis - tensile stress N/mm2
	The average values of the two tested material of each welding process were calculated & tabulation values on above. The average value showing the SMAW and GTAW welding of tensile properties in stainless steel 304 plate results. It is plots the difference between the tensile properties of two welding and their result that such nearer to the actual metal’s tensile recommended properties.
6. CONCLUSION

	The weld characteristics of, namely Radiography Test, Penetrant Testing, hardness Test and tensile strength of the Shielded metal arc welded and Tungsten inert gas welded austenitic 304 stainless steel were studied. And it shows the yield strength and ultimate strength of TIG welding properties were better than the SMAW welding properties. And in the radiographic testing, we have found non acceptable defects in the SMAW welding. In SMAW, porosity and blowholes are detected through radiographic testing which are considered as repair and surface pores are detected But in TIGW, lack of fusion is detected through radiographic testing which is considered as repair but it is not based on the welding process, it is due to the improper welding technique. From this paper, we have found out the weld characteristics of the TIG (GTAW) welding shows the good quality, hardness and strength. TIG welding is better than the arc (SMAW) welding. It is better to go for TIG welding in the areas where corrosion is high and where the surface finishing is highly required.
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