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Abstract 
Welding of dissimilar metals has attracted attention of the researchers worldwide, owing to its many advantages and 

challenges. There is no denial in the fact that dissimilar welded joints offer more flexibility in the design and 

production of the commercial and industrial components. Welding of Ferritic and Austenitic stainless steel in 

general and GMAW of such steel in particular, can well be considered as one of the areas where more extensive 

research may contribute, in a significant way, to the precise control of the welding process for better and acceptable 

quality of weldment. The purpose is to study the influence of the selected parameters: welding current, Gas flow rate 

and Nozzle to plate distance on the quality of weld Dissimilar Welding of AISI 316L Austenitic Stainless Steel to 

AISI 409 Ferritic stainless steel Weldment In Metal Inert Gas Welding. After the experiments, welded samples are 

visually inspected followed by X-ray radiography test. Then from the welded samples, specimens are prepared for 

tensile test. Microstructural studies have been done as well; hardness at different zones of the weldment has been 

measured. 

Keywords: Dissimilar MIG welding; Visual Inspection Test; Radiographic Test; Tensile Test; Hardness Test; 

Microscopy  
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1. Introduction 
 

Joining dissimilar materials is often more difficult than joining the same material or alloys with minor differences in 

composition. However, many dissimilar materials can be joined successfully with the appropriate joining process 

and specialized procedures. In the present work, dissimilar joints between AISI 409 ferritic stainless steel and AISI 

316L austenitic stainless steel, are made by GMAW using ESAB AUTO rod 316L as filler wire. Weld quality 

mainly depends on features of bead geometry, mechanical –metallurgical characteristics of the weld as well as on 

various aspects of weld chemistry and these features are expected to be greatly influenced by various input 

parameters like current , voltage, electrode stick-out, gas flow rate, edge preparation, position of welding, welding 

speed and many more[1, 2], the present work will give consideration of at least three of them: Welding current, Gas 

flow rate and Nozzle to plate distance. The purpose is to study the influence of the selected parameters on the quality 

of weld. The parameters will be varied at several levels by planning the experiments on the basis of any one of the 

several technique available like conventional design of experiments, Taguchi’s Orthogonal Array, Response Surface 

methodology (RSM). After welding, visual inspection and next, radiographic test have been carried out. Tensile tests 

have also been conducted. Microstructural studies have been done as well; hardness at different zones of the 

weldment has been measured. 

 

1.1 EXPERIMENTAL PLAN 
 

In the present work, experiments are done in a planned experimental order; Taguchi orthogonal array design L9 has 

been used as design of experiment. Welding current, gas flow rate and nozzle to plate distance are selected as input 

parameters and three levels are considered for each of them. Welding design matrix as per L9 Taguchi orthogonal 

array design is shown in Table 1. 

 

Table 1 Welding design matrix as per L9 Taguchi orthogonal array design 

Sample No.  Current  

(A)  

Gas flow 

rate (l/min)  

Nozzle to 

plate 

distance  

(mm)  

1  100  10  9  

2  100  15  12  

3  100  20  15  

4  112  10  12  

5  112  15  15  

6  112  20  9  

7  124  10  15  

8  124  15  9  

9  124  20  12  

Compositions of base material and the filler wire is given in Table2 

After the experiments, welded samples are visually inspected followed by X-ray radiography test. Then from the 

welded samples, specimens are prepared for tensile test and Vickers micro-hardness test. The details about them 

have been discussed in subsequent sections. 
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Table 2 Compositions of base material and filler metal 

 

2. EQUIPMENT AND INSTRUMENTS USED 

 
2.1 WELDING MACHINE 
 

Mechanized GMAW has been done on ESAB AUTO K - 400 MIG/MAG welding machine in M/s Das Enterprise, 

Howrah. Butt welded joints being done under varied input parameters of gas metal arc welding.  The tensile test 

specimens have been tested on tensile testing machine INSTRON as per ASTM standard. The photographic view 

of welding set –up is shown in Figure 1. 

 

 
Figure 1 The photographic view welding set-up. 

 

 

2.2 MIGGYTRAC 2000 

It is a small, compact, motor-operated trolley designed for the mechanization of GMAW, gas metal arc welding, in 

particular. The permanent magnet built-in magnet, which can be switched on/off, holds the tractor in the correct 

position on the work-piece.  

 

2.3 X-RAY RADIOGRAPHY MACHINE 
X-ray radiography tests have been carried out at SKB Metallurgical Services, Salkia, Howrah. The important 

specifications of the equipment used for this purpose are given below. 

Source     X-ray 

 

Equipment details    XXQ-2005 

 

Voltage     130KV 

 

 

2.4 INSTRON UNIVERSAL TESTING MACHINE 
 

Tensile tests have been carried out on Instron universal testing machine in Jadavpur University laboratory using a 

hydraulic chuck. The major specifications of the machine are given below. The photographic view of the machine is 

given in figure 2.  

 

                                                               Base Metal 

 C Mn  Si  P  Cr  Ni  Mo  Cu  Al  S  T 

316L  0.03  1.47  0.58  0.025  18.33  8.33  0.2  0.19  0.01  0.01 ---- 

409  0.02  0.78  0.37  0.02  11.72  ----  ----  ----  -----  0.02  0.48 

Filler Metal 

316L  0.02  1.85  0.42  0.025  18.73  12.20  2.30  0.19  0.01  0.01  … 
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Model No. : 5589 

Maximum capacity : 600 KN 

  

 

 

 

 

                       

Figure 2 Photographic view of Instron universal testing machine 

 

2.5 EXPERIMENTAL PROCEDURE, INSPECTION AND TESTING 
Photographic view of some of welded specimens is shown in figure 3 

 
 

Figure 3. Photographic view of a welded specimen 

 

After welding, visual inspection of all the samples has been done. X-ray radiography tests are conducted next. Now 

tensile test specimens are made by machining the welded samples. A schematic diagram showing the basic 

dimensions of the tensile test specimens is given in figure 4. Photographic view of a tensile test specimen is shown 

in figure 5. 

 
Figure 4 Schematic diagram of the specimen prepared for tensile test 

 

 
 

Figure 5 Photographic view of a specimen prepared for tensile test 

 

During preparation of tensile test specimen, small cut-outs are made which have subsequently been ground, polished 

and finally etched to obtain samples for micro structural studies. These samples have been studied under Leica 

microscope and microstructures of base metal, heat affected zone (HAZ) and weld metal are studied; photographs 

are taken. Hardness test has also been conducted for each of these samples. While doing this, hardness values have 

been measured in several points in different zones: weld metal, HAZ and base metal. Leco micro-hardness tester has 

been used for this purpose. 
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3.  RESULTS OF VISUAL INSPECTION AND X-RAY RADIOGRAPHIC TEST AND DISCUSSION: 316L 

AUSTENITIC STAINLESS STEEL 

 

For visual inspection, the weld surface is observed with the naked eye, in order to detect the surface defects of the 

weldment. X- Ray radiographic tests have been conducted for all the 9 samples by XXQ-2005 X-Ray flaw detector. 

Result of Visual Inspection and X-ray radiographic test are shown in Table 3 and Table 4 respectively 

 

 

Table 3 Results of Visual Inspection: 316L Austenitic stainless steel to 409 Ferritic stainless steel as per L9 Taguchi 

orthogonal array design of experiment 

 

 

 
Table 4 X-ray radiographic test: 316L Austenitic stainless steel to 409 Ferritic stainless steel as per L9 Taguchi 

Orthogonal array design of experiment 

sample 

no. 

Welding 

Current 

(Amp) 

gas flow 

rate 

(l/min) 

Nozzle 

to plate 

distance 

(mm) 

Result of X-ray 

radiographic tests  

S1C 100 10 9 No defects 

S2C 100 15 12 Porosity 

S3C 100 20 15 Lack of fusion 

S4C 112 10 12 No defects 

S5C 112 15 15 Porosity 

S6C 112 20 9 No defects 

sample no. Welding gas flow 

rate (l/min) 

Nozzle to 

plate 

distance 

(mm) 

Result of visual inspection 

Current 

(A) 

S1C 100 10 9 No defects 

S2C 100 15 12 Blow hole, Spatter 

S3C 100 20 15 Excessive deposition, Spatter 

S4C 112 10 12 No defects 

S5C 112 15 15 Spatter, 

Uneven penetration 

S6C 112 20 9 No defects 

S7C 124 10 15 Uneven penetration 

Undercut 

S8C 124 15 9 Uneven penetration 

S9C 124 20 12 No defect 
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S7C 124 10 15 Porosity 

S8C 124 15 9 Lack of fusion 

S9C 124 20 12 No defect 

 

If the results of visual inspection and X-ray radiographic tests are compared, some consistency in the findings can 

be noticed. The individual and combined effects of the levels of gas flow rate, current and nozzle to plate distance 

have been reflected in the samples as defects like lack of penetration, undercut, lack of fusion, uneven deposition 

and weld depression. Further, the skill of the welder is a significant factor influencing weld quality. Defects may 

come from any irregularities in the base metal and filler wire also. Any improper welding arrangements can also 

lead to the significant defects. Improper selection of welding parameters like welding current, gas flow rate and 

nozzle to plate distance can also create welding defects. Radiographic film for Sample Nos. S1C, Sample No. 

S4C, sample no. S6C and sample no.S9 is almost defecting free. These samples are welded with low current and 

low nozzle to plate distance. 

 

4. TENSILE TEST RESULTS AND DISCUSSION:316LAUSTENITIC TO 409 FERRITIC STAINLESS 

STEEL 

The tensile test specimens, prepared corresponding to L9 Taguchi Orthogonal Array design of experiments, have 

been tested for tensile strengths and the results obtained are given in table 5. Best tensile tests is obtained for the 

sample no. S3C and lowest tensile test result obtained for sample no. S8C. Tensile test indicates the result is 

between ultimate tensile strength of 316L Austenitic stainless steel and 409 Ferritic stainless steel. 

 
Table 5 Tensile tests result: 316L Austenitic to 409 Ferritic stainless steel as per L9 Taguchi orthogonal array 

design of experiment 

Sample no. Yield 

strength(Mpa) 

Ultimate 

strength(Mpa) 

Percentage of 

elongation(%) 

S1C 283.0 412.3 18.8 

S2C 247.5 369.9 21.5 

S3C 335.9 468.7 22.1 

S4C 257.8 385.4 19.4 

S5C 257.4 389.6 18.3 

S6C 294.1 429.1 18.5 

S7C 286.5 414.2 15.9 

S8C 233.4 366.7 17.5 

S9C 304.0 430.6 20.5 
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Figure6 Tensile Test Diagram of Sample no. S1C: 316L Austenitic to 409 Ferritic stainless steelas per L9 Taguchi 

orthogonal array design of experiment 

 
Figure7 Tensile Test Diagram of Sample no. S2C: 316L Austenitic to 409 Ferritic stainless steel as per L9 Taguchi 

orthogonal array design of experiment 

 
 

5. RESULTS OF MICRO-HARDNESS TEST AND DISCUSSION: 316L AUSTENITIC STAINLESS 

STEELAS PER RSM DESIGN OF EXPERIMENT 

 

In the present study, hardness of all the samples has been measured by a Leco LM 248AT micro-hardness tester. 

Measurement is taken at 2 points of the base metal, at 2 points of HAZ and at 2 points in the weld area. The results 

of the micro-hardness test are given in the table 4.16 

 

Table 6 The results of the micro-hardness test: 316L Austenitic to 409 Ferritic stainless steel as per L9 Taguchi 

orthogonal array design of experiment 

 

Sample     Hardness (HV) at position     

Nos.             

  
1 2 3 4 5 6 

  

S1C 235.9 226.8 246 248.3 238.4 256.7 

S2C 253.7 245.6 259.9 257.3 227.2 243.1 
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S3C 269.1 231.3 267.7 233.4 229.8 259.9 

S4C 249.8 220.5 265.7 257.6 233.8 250.2 

S5C 240.8 220.6 265.7 265.8 237.7 253.5 

S6C 250 230.5 275.7 234.5 225 247.8 

S7C 260.8 229.7 270.7 275.8 253.6 262.8 

S8C 236.5 221.6 264.6 247.8 235.5 254.4 

S9C 235.8 236.6 245 257.4 230.8 243.2 

 

6. RESULTS OF MICROSTRUCTURAL STUDY AND DISCUSSION:316L AUSTENITIC STAINLESS 

STEEL AS PER RSM DESIGN OF EXPERIMENT 

 

 

    
Figure8Metallographic view of sample number 3 

 

      
Figure 9 Metallographic view of sample number 4 
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Figure10 Metallographic view of sample number 6 

 

 

    
                                    Figure 11 Metallographic view of sample number 7 

         
Figure 12 Metallographic view of sample number8 
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                                             Figure13 Metallographic view of sample number 9 
   
Study of microstructures has been made for all the welded samples and the photographs are taken in weld and HAZ 

regions, for each of the samples by the Leica DM LM metallurgical microscope. Microstructural views are shown in 

Figures 8 –13  

In Figure 8 and figure 13 dendritic structure of ferrite is observed along with layers of austenite. Figure 9 gives 

evidence of ferrites in austenitic matrix. Figure 10 reveals austenite with ferritic stringers in the microstructure. 

Grain boundary austenite is found in Figure 11 and Figure 12 within ferrite matrix. Microstructure of weld metal its 

consists of austenite and δ ferrite, Ferrite shape is lacy and vermicular, in figure 13 is given coarse grain HAZ. 

Primary austenitic grains are clearly seen. Proeutecoide and Widmanstaten ferrite on grain boundaries can be seen 

too. Inside the grains microstructure consists of bainite and martensite. Martensitic layer near grain boundary is 

detected too. 

 

 

 

7. CONCLUSIONS  
 Visual inspection and X-ray radiography test reveals that in few samples defects like porosity, lack of 

fusion, undercut occur. However almost defect free joints are also observed, under some parametric 

conditions. 

 Tensile test results are found to be satisfactory, excepting for few samples. The variations in input 

parameters have influenced the mechanical properties to a certain extent.  

 Best tensile tests is obtained for the sample no. S3C and lowest tensile test result obtained for sample no. 

S8C.  

 Tensile test indicates the result is between ultimate tensile strength of 316L Austenitic stainless steel and 

409 Ferritic stainless steel. 

 

 Measurement of hardness at different zones of weldment indicates that hardness in weld metal is more than 

hardness in HAZ and base metal. HAZ hardness is found to be a little bit smaller than base metal. However 

variation in hardness at different zones is not found to be too excessive. The graphical plots show similar 

pattern for all the samples. 

 Dendrite structure of ferrite is observed along with layers of austenite. Microstructure of weld metal its 

consists of austenite and δ ferrite, Ferrite shape is lacy and vermicular. Micro structural characteristic are 

more or less consistent with result of tensile test. 
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