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 Abstract – The dissimilar metal joints of have been emerged as a 

structural material for various industrial applications which 

provides good combination of mechanical properties like strength, 

corrosion resistance with lower cost. Selections of joining process 

for such a material are difficult because of their different physical 

and chemical properties. The stainless steel and aluminum alloy 

dissimilar material joints are very common structural applications 

joining of stainless steel and aluminum alloy is very critical 

because of carbon precipitation and loss of chromium leads to 

increase in porosity affects.  
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I. INTRODUCTION 

    The stainless steel is one of the most popular materials for 

structural applications, due to their excellent physical properties but 

increase the structural cost. The additional benefits and the design 

codes of stainless steels have focused their industrial use for 

conventional structural engineering applications such as civil 

construction, nuclear reactors, thermal power plants, vessels and heat 

exchangers for several industrial applications. The better joint 

efficiency, simple process, low fabrication cost, welding reliability 

and efficient metal joining process are essential for production of 

many engineering and structural components .The metallurgical 

changes such as micro-segregation, precipitation of secondary 

phases, presence of porosities, solidification cracking, grain growth 

in the heat affected zone and loss of materials by vaporization are 

the major problems which produces poor mechanical properties in 

stainless steel welds. Therefore, for structural applications, the 

stainless steels are utilized efficiently by dissimilar steel welds 

between stainless and carbon steels with effective and economical 

utilization of the special properties of each steel dependent in the 

same structure . 

 

II. LITERATURE REVIEW 

      Danijela Zivojinovicb [1] In this paper the fatigue crack 

propagation in thin-walled aluminum alloy structure with two 

friction stir welded (FSW) joints has been numerically modelled. 

Crack  propagation  in  unstiffened  part  of  the  structure  between  

two  FSW  joints  is  analyzed. The analyzed models made from 

aluminium alloy  2024-T351. During its (stable) growth, the crack 

remains within the base material. As it gets closer to the FSW joint 

(HAZ), considerable crack growth leading to structure failure starts 

to occur, before the crack can reach the HAZ. 

     Andrijana Durđevic [2] In this work, fatigue crack propagation  

in thin-walled aluminum alloy structure with two friction stir welded 

T joints has been simulated numerically. Crack propagation in 

stiffened part of the structure between two friction stir welded T 

joints is analyzed by using the extended Finite element method. He 

analyzed the stress intensity factors that obtained for each step of 

crack propagation along the crack. During its propagation, the crack 

remained within the base metal in the analyzed case, leaving more 

detailed analysis for future work, including crack propagation 

through different welded joint zones and the effect of stiffeners. 

       D. Fersini [3] in this paper the fatigue strength of 2024-T3 

aluminum alloy friction stir welded single-lap joints is determined 

by the presence of two crack-like unwelded zones at the overlap 

ends. In this work, a finite element analysis is performed to predict 

the crack path and the stress intensity factor at the crack tip, then the 

lifetime is estimated by examining the crack propagation behavior of 

the base material. 

      S. Lomolino [4] This paper collects available fatigue data on 

FSW of Al alloys and statistically analyses these deriving a first set 

of reference fatigue curves. It is envisaged that a comparison of the 

reference curves obtained with the design curves given by design 

standards. The aim of the present work was to give, for the Al alloys, 

as first draft, an overview of the fatigue properties of butt joints 

friction stir welded, trying to use the same criteria employed in the 

standards for providing design data.  

      Wei Dong [5] In this paper  the analysis of crack propagation of 

normal strength concrete at a crack tip  the initial fracture toughness 

and nil-stress intensity factor (nil-SIF) are two distinguished and 

widely adopted types of crack propagation criteria. The beams under 

three-point bending with different concrete strength grades were 

obtained from experiment, The corresponding results obtained from 

numerical analysis using the nil SIF and the initial fracture 

toughness criteria are also presented.  

      HE Zhen-bo [6] In order to study the welding process, 

microstructure and properties of Al-Mg-Mn-Sc-Zr alloy, 

comparative methods of friction stir welding (FSW) and tungsten 

inert gas (TIG) were applied to the two conditions of this alloy, 

namely hot rolled plate and cold rolled-annealed plate. For each 

condition of Al-Mg-Mn-Sc-Zr alloy, namely thick hot rolled plate 

and cold rolled-annealed plate, the tensile strength, elongation and 

welding coefficient of FSW welded joints are higher than those of 

TIG welded joints. 

       Hideo Koguchi [7] Stress singularities usually occur at vertexes 

in three-dimensional joints. Cracks frequently initiate at the vertex, 

and the joint fails under an external force or a thermal load. In the 

present study, the stress distribution near a small crack occurring at a 

vertex in a three-dimensional joint under a tensile load is examined, 

and the stress intensity factors at the crack tip are investigated along 

the crack tip front. 

       Hassan Mirahmadi [8] In this study, obtaining stress intensity 

factors (SIFs) for functionally graded cylinders with two internal 

radial cracks using the weight function method has been discussed. 

For this purpose, reference SIFs are calculated from the results of 

finite element analysis, using a modified domain of the J integral. 

       Yufeng  Zhang [9] In this analysis an  excellent  butt  joint  of  

5A06  and  Ti6Al4V  was  achieved  via  MIG/TIG  double-side  arc  

welding-brazing process  with  Al-5Si  wire.  The  conventional  

MIG  welding-brazing  process  was  carried  out  at  the  same 

welding  heat  input  for  comparison.  Then  formation  and  

microstructure  of  joints  were  investigated,  and the  quality  of  

joints  was  examined  by  tensile  test.  The  results  showed  that  

weld  formation,  especially the  formation  of  back  weld,  was  

improved  . 
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       Zhenhuan Zhou [10] An analytical method is presented for 

finding the complex stress intensity factors (SIFs) and T-stress at an 

edge bi-material interface crack. A Hamiltonian system is first 

established by introducing dual (conjugate) variables of 

displacements and stresses whose solutions are expanded in terms of 

the simplistic series. 

 

III. THE MATERIAL PROPERTIES USED IN PRESENT 

STUDY: 

 

Material Properties 

Physical 

Properties 

Structural 

Steel 

2219-T8 

Aluminum 

Alloy 

2024-T351 

Aluminum 

Alloy 

Youngs 

Modulus 

(GPA) 

211 73.8 68 

Poisson's 

ratio 

0.3 0.33 0.33 

Density 

(Kg/m
3
) 

7850 2480 2785 

 

 
Fig.1 The principle of Friction TIG Welding 

 
Figure 2 - Heat distributions between the tungsten electrode and 

the work with each type of welding current. 

 

IV. CHARACTERISTICS OF CURRENT TYPES FOR GAS 

TUNGSTEN ARC WELDING  
        All three types of welding current can be used for GTA 

welding. Each current has individual features that make it more 

desirable for specific conditions or with certain types of metals. The 

current used affects the heat distribution between the tungsten 

electrode and the weld and the degree of surface oxide cleaning that 

occurs. A look at each type and its uses will help the operator select 

the best current type for the job. The type of current used will have a 

great effect on the penetration pattern as well as the bead 

configuration. In Figure 2 above shows the heat distribution for each 

of the three types of currents.  

DCEN, which used to be called direct-current straight polarity 

(DCSP), concentrates about two-thirds of its welding heat on the 

work and the remaining one- third on the tungsten. The higher heat 

input to the weld results. 

 

V DIRECT-CURRENT ELECTRODE POLARITY: 

     DCEP, which used to be called direct-current reverse polarity 

(DCRP), concentrates only one-third,-of the' heat on the plate and 

two-thirds of the heat on the electrode. This type of current produces 

wide welds with shallow penetration, but it has a strong cleaning 

action upon the base metal. The high heat input to the tungsten 

indicates that large-size tungsten is required, and the end shape with 

a ball must be used. The low heat input to the metal and the strong 

cleaning action on the metal make this a good current for thin, 

heavily oxidized metals. 

 

VI APPLICATION ADVANTAGES: 

      The TIG welding process has a very large area of application due 

to its many advantages, e.g.:  

 It provides a concentrated heating of the work piece.  

 It provides an effective protection of the weld pool by an 

inert shielding gas. 

 It can be independent of filler material.  

 The filler materials do not need to be finely prepared if only 

the alloying is all right.  

 There is no need for after treatment of the weld as no slag 

or spatter are produced.  

 Places of difficult access can be welded. 

 

Areas of application: 

       TIG welding is often used for jobs that demand high quality 

welding such as for instance:  

 The offshore industry  

 Combined heat and power plants  

 The petrochemical industry 

 The food industry  

 The chemical industry  

 The nuclear industry 

 

VII Objective of the Work 

 The main objective of the current work is: 

 Validation of the ANSYS models by comparing the present 

simulated results with the simulation result of base paper 

Danijela Zivojinovicb [1]. 

 To predict stress intensity factor. 

 To simulate the welded joints of the different material 

having different nugget shapes for variable loads. 
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