
IJSRSET196442 | Received : 15 July 2019 | Accepted : 09 August 2019 | July-August-2019 [ 6 (4) :  312-315] 

 

 

© 2019 IJSRSET | Volume 6 | Issue 4 | Print ISSN: 2395-1990 | Online ISSN : 2394-4099 

Themed Section : Engineering and Technology 

DOI : https://doi.org/10.32628/IJSRSET 

 
312 

Analysis of Dissimilar Metal Welding of 1020 Mild Steel and 304 Stainless 

Steel 
Dandu Rohith Raja1,  S. Jithendra Naik2, L. Balasubramanyam3  

1M.Tech Student, CAD/CAM, Department of Mechanical Engineering, PVKK Institute of Technology, 

Ananthapuramu, Andhra Pradesh, India 
2Associate Professor, Department of Mechanical Engineering, PVKK Institute of Technology, Ananthapuramu, 

Andhra Pradesh, India 
3 HOD & Associate Professor, Department of Mechanical Engineering, PVKK Institute of Technology, 

Ananthapuramu, Andhra Pradesh, India 

 

ABSTRACT 

Joining of dissimilar metals has found its use extensively in power generation, electronic, nuclear reactors, 

petrochemical and chemical industries mainly to get tailor-made properties in a component and reduction in 

weight. However efficient welding of dissimilar metals has posed a major challenge due to difference in 

thermo-mechanical and chemical properties of the materials to be joined under a common welding condition. 

This causes a steep gradient of the thermo-mechanical properties along the weld. 
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I. INTRODUCTION 

 

Welding is extensively used in fabrication as an 

alternative method for casting or forging and as a 

replacement for bolted and riveted joints. It is also 

used as a repair medium e.g. to reunite a metal at a 

crack or to build up a small part that has broken off 

such as a gear tooth or to repair a worn surface such 

as a bearing surface. 

 

Advance welding techniques like Plasma Arc 

Welding, Laser Beam Welding, Electron Beam 

Welding, Electro-Magnetic Pulse Welding, 

Ultrasonic Welding, etc. are now being extensively 

used in electronic and high precision industrial 

applications. 

 

 

 

 

Metallurgy of a Welded Joint 

 

Metal is heated over the range of temperature up to 

fusion and followed by cooling ambient temperature. 

Due to differential heating, the material away from 

the weld bead will be hot but as the weld bead is 

approached progressively higher temperatures are 

obtained, resulting in a complex micro structure. The 

subsequent heating and cooling results in setting up 

internal stresses and plastic strain in the weld. 

 

Depending upon the slope of temperature gradient 

three distinct zones as shown in Fig. 2 can be 

identified in welded joint which are: 

 

1. Base metal 

2. Heat Affected Zone (HAZ) 

3. Weld metal 
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Fig .1 Zones in a welding joint 

 

A joint produced without a filler metal is called 

autogenous and its weld zone is composed of re-

solidified base metal. A joint made with a filler metal 

is called weld metal. Since central portion of the weld 

bead will be cooled slowly, long columnar grains will 

developed and in the out ward direction grains will 

become finer and finer with distance. 

 

So the ductility and toughness decreases away from 

the weld bead. However strength increases with the 

distance from the weld bead. The original structure in 

steels consisting of ferrite and pearlite is changed to 

alpha iron. The weld metal in the molten state has a 

good tendency to dissolve gases which come into 

contact with it like oxygen, nitrogen and hydrogen. 

 

So during solidification, a portion of these gases get 

trapped into the bead called porosity. Porosity is 

responsible for decrease in the strength of the weld 

joint. Cooling rates can be controlled by preheating of 

the base metal welding interface before welding. 

 

II.  METHODS AND MATERIAL 

 

2.1 Input parameters  

The input parameters in this analysis are the thermo-

mechanical properties of the materials getting into 

the welding joint. All the properties used in this 

analysis are temperature dependent. 

 

 

Composition 

The composition of the metals used in this simulation 

of welding joint is given below: 

 

304 Stainless Steel 

The composition of 304 stainless steel is shown in 

table 1. Chromium along with nickel is the principal 

alloying elements. The mechanical properties of 304 

stainless steel that have been used in this analysis 

have been given in table 1. 

 

Table 1. Mechanical Properties of 304 Stainless Steel 

 

Variation 

of 

properties 

with 

temperatur

e 

Densit

y 

(kg/m3

) * 103 

Poisson’

s Ratio 

Modulu

s of 

Elasticit

y (Pa) * 

1011 

Yield 

Strengt

h 

(Pa) * 

108 

0 °C 7.9 0.295 2 2.7 

200 °C 7.78 0.3 1.9 1.9 

400 °C 7.67 0.31 1.8 1.6 

600 °C 7.55 0.315 1.7 1.2 

800 °C 7.43 0.32 1.5 0.8 

1000 °C 7.32 0.327 1 0.6 

1200 °C 7.2 0.335 0.h4 0.55 

1400 °C 7.12 0.341 0.5 0.5 

1600 °C 7.04 0.346 0.5 0.5 

 

III. RESULTS AND DISCUSSION 

 

1.1. Analysis of 302 Stainless steel 

ANALYSIS- 302 Stainless Steel as Weld Filler Metal 

 

Thermal stress has developed inside the welded part 

as both of its ends across the weld have been fixed 

against any kind of motion by setting up in nodal 

displacement in all directions as zero. This is the 

boundary conditions used in model A 
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Considering Model A, where only the part has been 

subjected to thermal stresses the results are explained 

in the figures below. The figures below show the 

stress contour near the weld metal and the graphs 

which are path results along the line of length 30 mm 

at the centre of the filler metal and at a distance of 5 

mm from the weld root. The line is called line P in 

the subsequent paragraphs. 

 

 

Fig .2 Normal stress contour of Model A 

 

The normal stress varies from 218 MPa tensile to 199 

MPa compressive. The peak of the tensile lies along 

the centreline of the weld metal. However peak of 

the compressive stress lies in the weld interface of 

weld filler metal and 1020 mild steel. 

 

This is due to larger coefficient of thermal expansion 

of 304 stainless steel. The stress gradient in the filler 

metal is very steep due to rapid change in the 

direction of stresses. 

 

 

Fig .3Normal stress distribution along line P 

Table 1 Comparison of normal stress values in the two 

cases of welding 

 

Models Nature of 

Stress 

Case I: 302 

Stainless Steel 

A Tensile 118 Mpa 
 

Compressive 112 Mpa 

B Tensile 92 Mpa 
 

Compressive 107 Mpa 

C Tensile 127 Mpa 
 

Compressive 140 Mpa 

 

IV. CONCLUSION 

 

From the above table some of the results that can be 

inferred are mentioned below: 

 

Welding which is a significant cause of residual 

stress generates a large amount of residual stress in 

the weld metal and HAZ of the parent metals, which 

increases the final thermal stress and should be 

considered while determining the strength of the 

joint. 

 

Also by introducing a weld metal which is a nickel-

based alloy decreases the carbon activity gradient due 

to its low carbon diffusivity. Thus there is no abrupt 

change in material composition and hence a steep 

stress gradient is avoided. 

 

V. REFERENCES 

 

[1]. Chengwu Yao, Binshi Xu, Xiancheng Zhang, 

Jian, Huang, Jun Fu and Yixiong Wu 

“Interface microstructure and mechanical 

properties of laser welding copper-steel 

dissimilar joint” Optics and Lasers in 

Engineering, Vol. 47, 2009, PP 807-814.  

[2]. Wen-chun Jiang and Xue-wei Guan “A study 

of the residual stress and deformation in the 

welding between half-pipe jacket and shell” 

Materials and Design, Vol. 43, 2013, PP 213-

219. 



International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com) 

Dandu Rohith Raja et al  Int J Sci Res Sci Eng Technol. July-August-2019; 6 (4) : 312-315 

 

 315 

[3]. Man Gyun Na, Jin Weon Kim and Dong Hyuk 

Lim “Prediction of Residual 

[4]. Stress for dissimilar metals welding at nuclear 

plants using Fuzzy Neural 

[5]. Network Models” Nuclear Engineering and 

Technology, Vol. 39, 2007, PP 337-348. 

[6]. M.M.A. Khan, L. Romoli, M. Fiaschi, G. Dini 

and F. Sarri “Laser beam welding of dissimilar 

stainless steels in a fillet joint configuration” 

Journal of Materials Processing Technology, 

Vol. 212, 2012, PP 856-867. 

[7]. Yoshiyasu Itoh and Kabushiki Kaisha Toshiba 

“Joined structure of dissimilar metallic 

materials” Patent Publication Number, 

EP0923145A2, 1999. 

[8]. P. Delphin, I. Sattari-Far and B. Brickstad 

“Effect of thermal and weld induced residual 

stresses on the j-integral and ctod in elastic-

plastic fracture analyses” Final Report Vol. 

SINTAP/SAQ/03, 1998, PP 1-47. 

[9]. T.A. Mai and A.C. Spowage “Characterization 

of dissimilar joints in laser welding of steel-

kovar, copper-steel and copper-aluminium” 

Materials Science and Engineering, Vol. 374, 

2004, PP 224-233. 

[10]. Paul Colegrove, Chukwugozie Ikeagu, Adam 

Thistlethwaite, Stewart Williams, 

[11]. Tamas Nagy, Wojciech Suder, Axel Steuwer 

and Thilo Pirling “ The welding process 

impact on residual stress and distortion” 

Science and Technology of Welding and 

Joining, Vol. 14, 2009, PP 717-725. 

[12]. Mekala P., Kunuthur M.R., Chandramohana 

Reddy B. (2019) Evaluation of the Mechanical 

Properties of Recycled Jute Fiber-Reinforced 

Polymer Matrix Composites. In: Vasudevan 

H., Kottur V., Raina A. (eds) Proceedings of 

International Conference on Intelligent 

Manufacturing and Automation. Lecture 

Notes in Mechanical Engineering. Springer, 

Singapore DOI https://doi.org/10.1007/978-

981-13-2490-1_26 

[13]. AI-Fahed, S. and Chakroun, W. (1996), Effect 

of tube tape clearance on heat transfer for 

fully developed turbulent flow in a horizontal 

isothermal tube. Int. J. Heat and Fluid Flow, 

Vol.17, pp. 173-178. 

[14]. Rao, M. M. and Sastri, V. M. K. (1995), 

Experimental investigation for fluid flow and 

heat transfer in a rotating tube twisted tape 

inserts. Int. J. Heat and Mass Transfer, Vol. 

16, pp. 19-28. 

[15]. Kunuthur M.R., Reddy B.C. (2019) 

Investigation of Moisture Absorption in Jute 

Fiber Polymer Matrix Composites. In: 

Vasudevan H., Kottur V., Raina A. (eds) 

Proceedings of International Conference on 

Intelligent Manufacturing and Automation. 

Lecture Notes in Mechanical Engineering. 

Springer, Singapore 

DOIhttps://doi.org/10.1007/978-981-13-2490-

1_34 

[16]. Sivanshanmugam, P. and Sunduram, S. (1999), 

Improvement in performance of heat 

exchanger fitted with twisted tape. J. Energy 

Engg, Vol.125, pp. 35-40. 

[17]. Agarwal, S. K. and Raja Rao, M. (1996), Heat 

transfer augmentation for flow of viscous 

liquid in circular tubes using twisted tape 

inserts. Int. J. Heat Mass Transfer, Vol. 99, 

pp.3547 

 

Cite this article as : 

 

Dandu Rohith Raja, S. Jithendra Naik, L. 

Balasubramanyam, "Analysis of Dissimilar Metal 

Welding of 1020 Mild Steel and 304 Stainless Steel ", 

International Journal of Scientific Research in Science, 

Engineering and Technology (IJSRSET), Online ISSN : 

2394-4099, Print ISSN : 2395-1990, Volume 6 Issue 4, 

pp. 312-315, July-August 2019.  

Journal URL : http://ijsrset.com/IJSRSET196442 

http://ijsrset.com/IJSRSET196442

