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Abstract  
Advancement in the  manufacturing of the mechanical product is required to meet the demand. The consumer needs the product to 

have more functions and also lighter. One key aspect of product manufacturing is the joining of material for parts. The Welding is 

one type of joining method and mostly used for metal joining. The new challenge in welding is fusing two different ones. The study 

in this paper is a starting point for research, especially in developed countries about the dissimilar metal joint. The Welding 

process that investigated is Gas-Tungsten Arc Welding. Base materials are two different types of stainless steel (AISI 304L and 

AISI 316L). They have different melting points, so the keys in this process are metal filler and heat input. Metal filler which is 

stainless steel class ER 308 (per standard ISO) is used as the control variable. Independent variable in this study is heat input 

which contains electrical voltage (fixed) and electrical current (changed). There are two dependent variables as observation 

points: mechanical properties of material (strength and hardness) and pitting corrosion. In conclusion, the study could be used as 

a guide for future research in the welding of metals. The optimum parameter is 0.807 kJ/min. 

Key Words: Dissimilar Metal Joint, Gas-Tungsten Arc Welding, Mechanical Properties of Material, Pitting Corrosion, 

Welding Parameter. 

 ______________________________________________________________________________________________

1. INTRODUCTION  

Advancement in manufacturing of mechanical product is required in order to meet the demand. The consumer needs the product to 

have more functions and also lighter. One key aspect in the product manufacturing is the joining of material for parts. Welding is 

one type of joining method and mostly used for metal joining. The new challenge in welding is fusing two different ones. The 

research in this topic has been conducted for several years. The type of materials that is joined in those researches could be 

classified into: ferrous to non-ferrous [1], two different steel classes [2], two different aluminum class [3-5], steel with copper [6 - 

27], steel with aluminum [28-32], steel with nickel [33], steel with titanium [34, 35], aluminum with copper [36- 41], aluminum 

with titanium [42, 43] and super alloys [44]. The methods of dissimilar metal joining method are several of them including: Gas-

Tungsten Arc Welding [9], Shielded Metal Arc Welding [12, 13], Friction Welding [3, 4, 10, 28, 29, 31, 32, 36-41], Electron 

Beam Welding [14, 18, 23, 24, 27] and Laser Welding [2, 5, 6, 11, 16, 17, 19-21, 22, 26, 30, 33, 34, 35, 42, 43, 44, 45]. From 

those two points of interest, it could be inferred that steel-copper welding and laser welding have the most widely studied in the 

world of dissimilar metal joint especially by welding. 

This paper, however, discusses the dissimilar metal joint of two different stainless steel. There are some debates about the degree 

of dissimilarity that the joint could be classified as the dissimilar metal joint. As explained in G. R Mohammed [2], the subjects of 

the study in this paper could be justified even though using a different method of welding. Gas-Tungsten Arc Welding (GTAW) 

still widely used in the industry, so the topic itself still relevant. So, there are 3 materials to be considered: first base metal, second 

base metal, and metal filler. The distinct problem in the dissimilar metal joint is the galvanic corrosion because of differences in 

electrode potential. The corrosion itself has specific shapes similar to pit so, it is called pitting corrosion. So, in conclusion, the 

quality of the welding process of two different stainless steel has to be tested by its mechanical properties (strength and hardness) 

and also its corrosion resistance.  
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2. METHOD 

The method of research could be explained in this sequence: specimen preparation per standard AWS D1.6, the welding process 

(GTAW) and the test (mechanical properties and corrosion resistance). 

2.1 Specimen Preparation 
 

  

Figure1. Base metals and metal filler 

The process of preparation is by cutting the plate with 3 mm in thickness into the size of 250 mm by 125 mm. This size is 

according to AWS D1.6. Make 3 for each specimen. Also, in this process, the metal filler must be prepared. In this study, ER 308 

is used with 2,4 mm in diameter. 

2.2 Welding Process 
 

Table1. Welding parameter in the experiment 

Current 

(A) 

Voltage 

(v) 

Welding 

speed 

(mm/m) 

Shielding 

Gas 

Argon 

flow rate 

(L/min) 

⌀ Filler 

(mm) 

⌀ Tungsten 

(mm) 

Heat Input 

(kJ/mm) 
Polarity 

85 14 73.53 99% Ar 10 2.4 2.4 0.971 DCRP 

75 14 69.44 99% Ar 10 2.4 2.4 0.907 DCRP 

65 14 65.79 99% Ar 10 2.4 2.4 0.830 DCRP 

 

A welding process in the study is conducted in Table 1. From the table, it could be seen that the variable changed is the current. 

The variations are from 85 A to 65 A. Welding speed is also adjusted according to previous experience, so it has also changed to 

maintain the quality of weldment. However, the main focus of this study still the electrical current. 

 

  

Figure2. GTAW machine and the shielding gas tank 

The pieces of equipment and the tools that have to be prepared are as followed: 
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1. GTAW machine 

2. Filler ER NiCr-3 Ø 2.4 mm. 

3. Electrode Ø 2.4 mm. 

4. Shielding gas High Purity (HP) Argon 

5. Gloves 

6. Automatic welding helmet 

7. Apron 

8. Plier 

9. Steel wire brush 

10. Chipping Hammer 

11. Hand grinding machine 

12. Ear Plug 

 

  
Figure3. Welding process and its results 

The process of welding is worked by the certified welder. The skill of welder would not be the source of error in this study. 

2.3 Mechanical Properties Test 
There are two types of test to determine its mechanical properties: strength by tension test and hardness by hardness test. 

2.3.1 Tension test 

The first step to conduct the tensile test is by making the test specimen. The specification of the specimen is regulated in ASTM 

E8. 

  
Figure3. Tensile test piece before and after cut according to ASTM E8 
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Figure4. Tensile test process in the machine 

After that, 3 test pieces for each heat input (Figure 3) then tested. So, in total, there are 9 tests.  

2.3.2 Hardness test 

There are several zones for hardness test: heat-affected zone (HAZ), weld metal, fusion line, dan base metal. The tests are 

according to ASTM E384 (Standard Test Method for Microindentation Hardness of Materials). The test machine Digital Micro-

Hardness Tester by hardness Vickers (HV) number. 

 
Figure5. Hardness test process in the machine 

 

2.4 Corrosion Test 
The first step to conduct the corrosion test is by making the test specimen. The specification of the specimen is regulated in 

ASTM G48. 

  
Figure6. Corrosion test piece before and after polishing 
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Figure7. Corrosion test piece before and after dipped into the solution. 

 

 
Figure8. Incubation process 

After that, each specimen is weighed and noted. Then, each test piece is dipped into 600 ml FeCl3 6% solution (Figure 7). Then 

all of them is incubated by controlling the temperature to 22
o
C for 72 hours (Figure 8). 

 

3. RESULT AND DISCUSSION 

There are 3 results according to previous tests: strength, hardness, and corrosion. 

3.1 Tensile and yield strength 
 

 
Figure9. Tensile (red) and yield (yellow) strength results 

Based on the results in the graph, the highest tensile test is when the heat input 0,830 kJ/mm because with this value give the low 

penetration. It also concluded that the higher the heat input, the tensile strength is getting lower. The high value of heat input also 

means a higher rate of cooling. The result is that the grain is getting bigger, so the tensile strength is low. It is fit with the Hall-

Petch Equation. 

 

3.2 Hardness 

The test is conducted to determine hardness value for every zone in the weldment. There are 30 points in base metal (BM), heat 

affected zone (HAZ), and weld metal (WM) with space every 0,25 mm. 
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Figure10. Hardness value graph 

The graph shows that in the area of WM, hardness is higher than those in HAZ and BM. It is also to be noted that AISI 316L HAZ 

is harder than at AISI 304L. Different from the strength test, the lowest value of hardness occurs when heat input is 0,907 kJ/mm. 

3.3 Corrosion 

Corrosion test purpose is to determine the corrosion resistance in the joint by applying FeCl3. It could be concluded that 

differentiation in electrical current affecting the resistance to corrosion in the dissimilar metal joint. 

 
Figure11. Weight of specimen before (blue) and after (yellow) the test 

From the observation under a microscope, there are some differences in corrosion resistance for every heat input. It is to be noted 

that when the heat input 0.971, pitting corrosion occurs at AISI 304L in HAZ area. However, in AISI 316L the corrosion occurs in 

the base metal. At heat input 0.907, AISI 304L corroded at the area of HAZ and fusion line. Hence, no corrosion in HAZ of AISI 

316L. 
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Heat input 0.971 kJ/min (85 A) Heat input 0.907 kJ/min (75 A) Heat input 0.830 kJ/min (65 A) 

Figure12. Observation under the microscope by magnifying 20 times 

When heat input 0.830, there is erosion in the weld metal. However, there are some holes caused by pitting corrosion AISI 304L 

at HAZ and base metal. 

4. CONCLUSION 

From the study, it could be concluded that: 

1. Heat input variations in GTAW for dissimilar metal joint has a significant impact on its mechanical properties and also 

corrosion resistance 

2. The optimum heat input for the process is 0.830 kJ/min 
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