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ABSTRACT 

Tungsten Inert Gas (TIG) welding is a generally used welding technique due to its flexibility and ease that 

can be maintained in almost all Industrial application. Stainless Steel possessing elevated strength and toughness is 

typically known to offer foremost challenges during its welding. The recent study presents some primary annotations 

on the effect of TIG welding process on the mechanical and metallurgical properties such as hardness, microstructure 

and tensile strength of the high temperature material Stainless steel 410 & 430 grades. The mechanical properties 

like tensile strength, Vickers hardness were carried out for the weld samples. Microstructure studies were carried out 

for Base Metal (BM), Heat Affected Zone (HAZ) and Weld Zone (WZ). From these test results, the welding 

properties were compared and the optimal parametric point was found. More over in this investigation, Post Weld 

Heat Treatment (PWHT) of SS410 & 430 grade materials were also studied. From the result, we understood that the 

mechanical and metallurgical properties were improved after PWHT due to removal of residual stresses in the welded 

region. 
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1. INTRODUCTION  
In Tungsten Inert Gas (TIG) welding process there is a problem of residual stress in the stainless steel 

material due to uneven heat input in the various welded zones. In the welding process the internal stress distribution 

affects the mechanical properties of the material. When stresses are present, there is a possibility of metallurgical 

changes that could lead to reduced weld strength. Srinivasa Rao (2015), studied the Post Weld Heat Treatment 

(PWHT) can be carried out in welded materials to enhance the property of weldments. Due to heat treatment the 

stress can be relieved in the welded metals. Abburi Venkata (2014), investigated internal stresses are created by 

localized heating effects that arise during the welding process. PWHT is the most suitable method for stress relief of 

the welded metals. Qingsheng Wu (2015), stated PWHT cannot completely remove the internal stresses. So, it is 

necessary to establish the influence of PWHT parameters like holding temperature and time on the stress relieving 

for optimizing the process. Ki-Hyoung Lee (2014), studied the mechanical characterization of SS430 welds through 

Gas Tungsten Arc (GTA) welding process was carried out. Titanium powder of -100μm mesh was added in the range 

from 1g to 3g between the butt joint of SS430. Sivaraj (2014), studied the variations of microstructures and 

mechanical properties of PWHT conditions for SA508 Gr.4N steel used as Reactor Pressure Vessel (RPV) material. 

Kimura (2015), stated that the yield strength and hardness can be decreased with increasing temperature and impact 

toughness can be improved by PWHT then the mechanical properties of hardness, strength, and toughness, in the 

low temperature region.  

2. EXPERMENTAL WORK 

 
Figure.1. Methodology for Experimental work 

Material Selection: Fig.1, shows the methodology for experimental work. Stainless steel 410 grade is the central 

martensitic stainless steel. Table.1, shows the chemical composition of stainless steel 410 grades and Table.2, 

represents mechanical properties of stainless steel 410 grades. It includes a minimum of 11.5% of chromium, just 

adequate to give superior corrosion resistance properties. Martensitic stainless steels are optimized for high hardness, 

and other properties are to be improved by better characterization. Corrosion resistance of the martensitic grade is 

lesser than that of the common austenitic grades. 

Table.1. Chemical Composition of Stainless Steel 410 grade (in %) 

Grade C Mn Si P S Cr Mo Ni N 

SS410 0.15 1.00 1.00 0.040 0.030 13.5 - - - 

Table.2. Mechanical Properties of Stainless Steel 410 grade 

Grade Yield strength (MPa) Tensile strength (Mpa) Elongation (%) Melting point (oC) 

SS410 290 510 34 1530 
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Stainless steel 430 grades is a non- harden able steel containing chromium, and belongs to the ferritic group 

of steels. Table.3, shows chemical composition of stainless steel 430 grades and Table.4, represents mechanical 

properties of stainless steel 430 grades. This steel is famous for its good corrosion resistance and formability. The 

stainless steel 430 is used in industrial and commercial applications series from inner architectural applications to 

nitric acid planed equipment, oil refinery equipment and roofing. 

Table.3. Chemical Composition of Stainless Steel 430 grade (in %) 

Grade C Mn Si P S Cr Mo Ni N 

SS430 0.12 1.00 1.00 0.040 0.030 18.0 - 0.75 0.50 

Table.4. Mechanical Properties of Stainless Steel 430 grade 

Grade Yield strength (MPa) Tensile strength (Mpa) Elongation (%) Melting point (oC) 

SS430 310 483 25 1510 

Selection of Welding: Tungsten Inert Gas (TIG) welding is the mainly used welding for Stainless steel and non-

ferrous metals such as aluminum, magnesium and copper alloys. The Tungsten Inert Gas (TIG) welded region is 

confined from the atmospheric pollution by an inert shielding gas. The main applications of Tungsten Inert Gas (TIG) 

welding are in aerospace Industry. In this Tungsten Inert Gas (TIG) welding the stainless steel 410 & 430 grades are 

welded together with by varying current. Later the post weld heat treatment process can be carried out. 

Selection of Welding Current Values: In this TIG welding process the various parameters used for fabricating 

Stainless steel 410 & 430 grades, where no filler material was used during welding. By increasing the current good 

penetration can be achieved. The various parameters of Tungsten Inert Gas (TIG) welding used to prepare the 

specimen. The various current values for similar and dissimilar metals are given in the table.5. The plate dimensions 

are 200mm x 100mm x 5mm.  

Table.5. Parameter used in this investigation 

Grade Current values (A) 

SS410 (similar) 150 170 190 

SS430 (similar) 150 170 190 

SS410 & SS430 (dissimilar) 150 170 190 

Post Weld Heat Treatment: PWHT is done to progress the property of weldment. The residual stresses in the 

material that have been introduced by welding. PWHT is to remove the stress and avoid the curl and distortion. The 

material is taken to heat treatment process after welding in order to change its property. The varying temperatures 

and time limit are fixed. The heat treatment process is done on the dissimilar welded materials. The various 

temperature and time used in the heat treatment process is shown in the table.6.  

Table.6. Temperature and time for PWHT 

Current 150A 170A 190A 

Temperature  

& Time 

750oC (60min) 750oC (60min) 750oC (60min) 

900oC (120min) 900oC (120min) 900oC (120min) 

Various Tests: In this welding, various tests were conducted with post weld heat treatment and without post weld 

heat treatment. Fig.2, shows that list of test before and after PWHT for similar and dissimilar joints. 

 
Fig.2. List of test before and after  PWHT for similar and dissimilar joints 

 

3. RESULTS AND DISCUSSION 

Fig.3, shows that the tensile specimen after test for SS410 (170A) & SS430 (150A) without PWHT. Fig.4, 

and Fig.5, shows that Microstructure &Macrostructure image for SS430 grade at 150A and SS410 grade at 170A 

before PWHT for similar joints. From the microstructure, macrostructure, tensile specimen and hardness test, we 

understand that the joints fabricated with SS410 at 170A & SS430 at 150A of similar joints showed fine 

microstructure, macrostructure, high tensile strength and higher hardness compared to other joints. 

  
Fig.3. Tensile specimen after test for SS410 (170A) & SS430 (150A) without PWHT 
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Table.7. Tensile Properties of SS410 (170A) SS430 (150A) 

Grade  Current (A) Tensile strength (N/mm2) Yield Stress (N/mm2) Elongation (%) 

SS410 170A 281.73 224.29 3.36 

SS430 150A 277.89 185.84 2.06 

 

   
HAZ WZ Welded Joints 

Fig.4. Microstructure &Macrostructure image for SS430 grade at 150A before PWHT for similar joints 

 

Table.8. Hardness test result for optimized similar joints without PWHT 

Grade & Current Hardness of base metal Hardness of welded area 

SS430 (150A) 196.4 314.1 

SS410 (170A) 308.2 414.5 

Fig.6, shows that tensile specimen after test for SS410 & SS430 at 7500C & 9000C with PWHT for dissimilar 

joints. Fig.7, and Fig.8, shows that Microstructure & Macrostructure image for SS410 & SS430 grades at 

7500C/60min (190A) and 9000C/120min (170A) after PWHT for dissimilar joints. From the Microstructure, 

Macrostructure, Tensile specimen and Hardness test we understand that the joints fabricated with SS410 & SS430 

grades at 750oC (190A) & 900oC (170A) after Post Weld Heat Treatment (PWHT) of dissimilar joints showed finer 

Microstructure, Macrostructure, High Tensile strength and Higher Hardness compared to other joints in Table.9 and 

Table.10. 

  
Fig.6. Tensile specimen after test for SS410 & SS430 at 750oC & 900oC with PWHT for dissimilar joints 

Table.9. Mechanical properties of SS410 and SS430 for dissimilar joints 

Grade Current 

(A) 

Temperature 

(oC) 

Tensile strength 

(N/mm2) 

Yield Stress 

(N/mm2) 

Elongation 

(%) 

SS410 & 430 190A 750oC 395.4 333.9 2.7 

SS410 & 430 170A 900oC 360.8 318.4 2.6 

 

   
HAZ WZ Welded Joints 

Fig.7. Microstructure & Macrostructure image for SS410 & SS430 grades at 750oC/60min (190A) after 

PWHT for dissimilar joints 

   
HAZ WZ Welded Joints 

Fig.5. Microstructure & Macrostructure image for SS410 grade at 170A before PWHT for similar joints 
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HAZ WZ Welded Joints 

Fig.8. Microstructure & Macrostructure image for SS410 & SS430 grades at 900oC/120min (170A) after 

PWHT for dissimilar joints 

Table.10. Hardness test result for optimized similar joints without PWHT 

Grade & 

 Current (A) 

Temperature (oC) 

& Time (min) 

Hardness of base 

metal (HV) 

Hardness of welded 

joints (HV) 

SS410&430 (190A) 750oC (60min) 498.0 666.4 

SS410&430 (170A) 900oC (120min) 293.0 409.8 

 

4. CONCLUSION 
The effect of Tungsten Inert Gas (TIG) welding method on stainless steel 410 and 430 grades using different 

process parameter has been analyzed. From this investigation, the subsequent conclusions are derived. 

 The ultimate tensile strength at optimum condition of the joints fabricated with 170A showed relatively 

higher strength of 281.73N/mm2 compared to other joints. 

 The highest hardness value after PWHT the joint fabricated with 750oC (60min) at 190A current of 666.4HV 

was recorded. 

 The Hardness values after PWHT in the welded region increased. It may be due to relieving of residual 

stresses in the fusion region. 

 The grain sizes were relatively finer in the welded region after PWHT compared to as welded condition. 
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