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Abstract: 

The aim of my work is to study the factors that affect the welding joint of dissimilar steels. Stainless Steel SS-304L   was welded 

to Mild steel MS-1018 using a Metal Gas Inert Gas Welding. Conducting experiment to develop good quality weld by changing the 

process parameters. Scope of my thesis work includes characterization of dissimilar metal welding using gas metal arc welding, 

where the base metals are selected as mild steel and austenitic Stainless steel. The  combination of mild steel and austenitic 

stainless steel has got large number of application in industry such as power plant, nuclear plant, and heat exchanger assembly etc. 

due to the fact that low cost of mild steel and corrosion resistance property of stainless steel. All these application requires 

welding of the two which can perform the desired service requirement of the industry. The difference in the properties such as 

melting point, thermal conductivity, carbon content difference makes austenitic stainless steel and mild steel difficult to weld and 

gives rise to various failures in the future service life.  

 Carbon migration  

 Failure due to thermal stress  

 Oxidation at this interface  

 Dissolution of M23-C6 carbides  

This work involves choosing suitable filler, setting the welding parameters to achieve good quality weld between the mild steel 

and austenitic stainless steel, then studying the microstructure and investing the changes.  The results indicate that the increase of 

the welding current tends to increase the size of spot weld, and also increases the sheer force. Whereas the sheer force increased 

inversely with the time of welding. Furthermore, the results indicate that increasing the current and time of welding increases the 

diameter of weld zone and decreases the sheer force. 

 

Keywords: MIG welding, Weld dissimilar Steels, Tensile strength, Mild steel, Stainless steel, Radiography. 

 

I. INTRODUCTION 

 

Dissimilar metal welding is defined in which weldments are 

made from metals of different compositions. A successful 

weld between dissimilar metals is one that is as strong as the 

weaker of the two metals being joined, i.e., possessing 

sufficient tensile strength and ductility so that the joint will not 

fail in the weld. Nowadays, joining dissimilar metal is 

indispensable in manufacturing and constructing advanced 

equipment and machinery. Different kinds of metals feature 

different chemical, physical, and metallurgical properties: 

some are more resistible to corrosion, some are lighter, and 

some are stronger. Joining dissimilar metals is, therefore, to 

compose different properties of metals in order to minimize 

material costs and at the same time maximize the performance 

of the equipment and machinery. The problem of making 

welds between dissimilar metals relates to the transition zone 

between the metals and the inter metallic compound formed in 

this transition zone. For the fusion type welding process it is 

important to investigate the phase diagram of the two metals 

involved. If there is mutual solubility of the two metals the 

dissimilar joints can be made successfully. If there is little or 

no solubility between the two metals to be joined the weld 

joint will not be successful. The inter metallic compounds that 

are formed, between the dissimilar metals, must be 

investigated to determine their crack sensitivity, ductility, 

susceptibility to corrosion, etc .Another factor involved in 

predicting a successful service life for dissimilar metals joint 

relates to the coefficient of thermal expansion of both 

materials. If these are widely different, there will be internal 

stresses set up in the inter metallic zone during any 

temperature change of the weldment. If the inter metallic zone 

is extremely brittle service failure may soon occur. The 

difference in melting temperature of the two metals that are to 

be joined must also be considered, since one metal will be 

molten long before the other when subjected to same heat 

source 

 

II. METHODOLOGY 

 

Gas Metal Arc Welding 

 

Gas Metal Arc Welding (GMAW), by definition, is an arc 

welding process which produces the coalescence of metals by 

heating them with an arc between a continuously fed filler 

metal electrode and the work. The process uses shielding from 

an externally supplied gas to protect the molten weld pool. 

 

GMAW Equipment And Supplies 

 

Gas metal-arc welding equipment basically consists of four 

units: the power supply, the wire feeding mechanism, the 

welding gun (also referred to as the torch), and the gas supply. 

When a conventional type of welding machine is used for 

GMA welding, the voltage varies depending on the length of 

the arc. The arc length and the voltage changes accordingly 

whenever the nozzle-to-work distance changes. The only way 

to produce uniform welds with this type of power source is to 

maintain the arc length and voltage at a constant value. 
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Besides producing non-uniform welds, this inconsistent 

voltage can cause the wire to burn back to the nozzle. 

 

 Power Supply 

 

A constant voltage (CV) power source was developed to 

overcome the inconsistent voltage characteristics of a 

conventional welding machine. It can be either a dc rectifier or 

motor generator that supplies current with normal limits of 

200 to 250 amperes. The CV type power source has a nearly 

flat volt-ampere characteristic. This means that the machine 

maintains the same voltage regardless of the amount of current 

used. With this type of power source, you can change the 

wire-feed speed over a considerable range without causing the 

wire to burn back to the nozzle. When the wire-feed speed is 

set at a specific rate, a proportionate amount of current is 

automatically drawn. In other words, the current selection is 

based on the wire-feed speed. The current increases as the 

wire fed faster and decrease when wire fed slower. With this 

type of power supply, variations in the nozzle-to-work 

distance will not change the arc length and burn back is 

virtually eliminated In gas metal-arc welding , direct-current 

reverse polarity (DCRP) is recommended. DCRP produces 

excellent cleaning action and allows for deeper penetration. 

 

Wire Feed Drive Motor 

 

The wire feed drive motor is used to automatically drive the 

electrode wire from the wire spool through the gun up to the 

arc point. You can vary the speed of the wire feed by adjusting 

the controls on the wire-feed control panel. The wire feeder 

can be mounted on the power unit or it can be separate from 

the welding machine 

 

Welding Gun  
 

Welding guns for MIG welding are available for manual 

manipulation (semiautomatic welding) and for machine or 

automatic welding. Because the electrode is fed continuously, 

a welding gun must have a sliding electrical contact to 

transmit the welding current to the electrode. The gun must 

also have a gas passage and a nozzle to direct the shielding gas 

around the arc and the molten weld pool. Cooling is required 

to remove the heat generated within the gun and radiated from 

the welding arc and the molten weld metal. Shielding gas, 

internal circulating water, or both, are used for cooling. An 

electrical switch is needed to start and stop the welding 

current; the electrode feed system, and shielding gas flow. 

 

Semiautomatic Guns 

 

Semiautomatic, hand-held guns are usually similar to a pistol 

in shape. Sometimes they are shaped similar to an 

oxyacetylene torch, with electrode wire fed through the barrel 

or handle. In some versions of the pistol design, where the 

most cooling is necessary, water is directed through passages 

in the gun to cool both the contact tube and the metal shielding 

gas nozzle. The curved gun uses a curved current-carrying 

body at the front end, through which the shielding gas is 

brought to the nozzle. This type of gun is designed for small 

diameter wires and is flexible and manoeuvrable. It is suited 

for welding in tight, hard to reach corners and other confined 

places. Guns are equipped with metal nozzles of various 

internal diameters to ensure adequate gas shielding. The 

orifice usually varies from approximately 3/8 to 7/8 in. (10 to 

22 mm), depending upon welding requirements. The nozzles 

are usually threaded to make replacement easier. The 

conventional pistol type holder is also used for arc spot 

welding applications where filler metal is required. The heavy 

nozzle of the holder is slotted to exhaust the gases away from 

the spot. The pistol grip handle permits easy manual loading 

of the holder against the work. The welding control is 

designed to regulate the flow of cooling water and the supply 

of shielding gas. It is also designed to prevent the wire 

freezing to the weld by timing the weld over a preset interval. 

 

Air Cooled Guns 
 

Air-cooled guns are available for applications where water is 

not readily obtainable as a cooling medium. These guns are 

available for service up to 600 amperes, intermittent duty, with 

carbon dioxide shielding gas. However, they are usually 

limited to 200 amperes with argon or helium shielding. The 

holder is generally pistol-like and its operation is similar to the 

water cooled type. 

 

Three general types of air-cooled guns are available. 

 

 A gun that has the electrode wire fed to it through a 

flexible conduit from a remote wire feeding mechanism. The 

conduit is generally in the 12 ft (3.7 m) length range due to the 

wire feeding limitations of a push-type system. Steel wires of 

7/20 to 15/16 in. (8.9 to 23.8 mm) diameter and aluminum 

wires of 3/64 to 1/8 in. (1.19 to 3.18 mm) diameter can be fed 

with this arrangement.

 A gun that has a self-contained wire feed mechanism 

and electrode wire supply. The wire supply is generally in the 

form of a 4 in. (102 mm) diameter, 1 to 2-1/2 lb (0.45 to 1.1 

kg) spool. This type of gun employs a pull-type wire feed 

system, and it is not limited by a 12 ft (3.7 m) flexible conduit. 

Wire diameters of 3/10 to 15/32 in. (7.6 to 11.9 mm) are 

normally used with this type of gun.

    A pull-type gun that has the electrode wire fed to it 

through a flexible conduit from a remote spool. This 

incorporates a self-contained wire feeding mechanism. It can 

also be used in a push pull type feeding system. The system 

permits the use of flexible conduits in lengths up to 50 ft (15 

m) or more from the remote wire feeder. Aluminum and steel 

electrodes with diameters of 3/10 to 5/8 in. (7.6 to 15.9 mm) 

can be used with these types of feed mechanisms.

 

Water-Cooled Gun 

 

Water-cooled guns for manual MIG welding similar to gas-

cooled types with the addition of water cooling ducts. The 

ducts circulate water around the contact tube and the gas 

nozzle. Water cooling permits the gun to operate continuously 

at rated capacity and at lower temperatures. Water-coded guns 

are used for applications requiring 200 to 750 amperes. The 

water in and out lines to the gun add weight and reduce 

maneuverability of the gun for welding 

 

Regulators 
 

The same type of regulator and flow meter should be used for 

gas metal-arc welding as that for gas tungsten-arc welding. 

The gas flow rates vary, depending on the types and 

thicknesses of the material and the joint design. At times it is 

necessary to connect two or more gas cylinders (manifold) 

together to maintain higher gas flow. For most welding 

conditions, the gas flow rate is approximately 35 cubic feet 
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per hour (cfh). This flow rate may be increased or decreased, 

depending upon the particular welding application. Final 

adjustments usually are made on a trialed - error basis. The 

proper amount of gas shielding results in a rapidly crackling 

or sizzling arc sound. Inadequate gas shielding produces a 

popping arc sound and results in weld discoloration, porosity, 

and spatter 

 

Fundamentals of the Process 

The GMAW process incorporates the automatic feeding of a 

continuous, consumable electrode that is shielded by an 

externally supplied gas. After the initial settings of the 

operator, the equipment provides, the equipment provides for 

automatic self regulation of the electrical characteristics of the 

arc. Therefore the only manual control required by the welder 

for semiautomatic operation is the travel speed and direction 

and gun positioning. 

 

PROCESS VARIABLES FOR GMAW 

The important variables of the GMAW process that affect      

weld penetration, bead geometry, and overall weld quality are: 

 Welding current (electrode feed speed) 

 Polarity 

 Arc voltage (arc length) 

 Travel speed  

 Electrode extension 

 Electrode orientation (gun angle) 

 Electrode diameter 

 

Information to the Base Metals  

Mild Steel 

Mild steel is the most common form o steel because its price 

is relatively low while it provides material properties that are 

acceptable for many applications. Mild steel contains 0.16–

0.29%carbon; therefore it is neither brittle nor ductile. Mild 

steel has a relatively low tensile strength, but it is cheap and 

malleable; surface hardness can be increased through 

carburizing. It is often used when large amounts of steel are 

needed, for example as structural steel. The density of mild 

steel is approximately 7.85 g/cm3 (0.284 lb/in
3
) and the 

Young's modulus is 210,000 MPa (30,000,000 psi). 

 

Table .1. Chemical Properties of  MS-1018 

Composition MS-1018 

C% 0.2 max 

Mn% 0.9 max 

P% 0.04 max 

S% 0.05 max 

 

Table.2. Mechanical Properties of  MS-1018 

Hardness Rockwell B 71 

Ultimate Tensile 

strength 

440 Mpa 

Ultimate Yield Strength 370 Mpa 

% Elongation 15 % 

 

  Austenitic steels 

 

Types 304 and 304L Stainless Steels are well known in 

reference literature and more information can be obtained in 

this way.304 is a variation of the basic 18-8 grade Type 302, 

with a higher chromium and lower carbon content. Lower 

carbon minimizes chromium carbide precipitation due to 

welding and its susceptibility to inter granular corrosion. 304L 

is an extra low-carbon variation of Type 304 with a 0.03% 

maximum carbon content that eliminates carbide precipitation 

due to welding. 

 

Table.3. Table of compression 

 

Mechanical Properties 

 

 Corrosion Resistance
 

These steels exhibit excellent resistance to a wide range of 

atmospheric, chemical, textile, and petroleum and food 

industry exposure 

 

 Oxidation Resistance 
 

The maximum temperature to which Types 304 and 304L can 

be exposed continuously without tap predicable scaling is 

about 1650°F (899°C). For intermittent exposure, the 

maximum exposure temperature is about 1500°F (816°C). 

 

 Heat Treatments 

 

Type 304 is non-harden able by heat treatment. Annealing: 

Heat to 1900-2050°F (1038 -1121°C), then cool rapidly. Thin 

strip sections may be air cooled, but heavy sections should be 

water quenched to minimize exposure in the carbide 

precipitation region. Stress Relief Annealing: Cold worked 

parts should be stress relieved at 750°F (399°C) for 1/2 to 2 

hours. 

 

 Formability 

 

Types 304 and 304L have very good draw ability. Their 

combination of low yield strength and high elongation permits 

successful forming of complex shapes. However, these grades 

work harden rapidly. To relieve stresses produced in severe 

forming or spinning, parts should be full annealed or stress 

relief annealed as soon as possible after forming. 

 

 Weldability 
 

The austenitic class of stainless steels is generally considered 

to be wieldable by the common fusion and resistance 

techniques. Special consideration is required to avoid well 

“hot cracking” by assuring formation of ferrite in the weld 

deposit. Types 304 and 304L are generally considered to be 

the most common alloys of this stainless class. When a weld 

filler is needed, AWS E/ER 308, 308L or 347 are most often 

specified. Types 304 and 304L Stainless Steels are well 

COMPOSITION TYPE 304 (%) TYPE 304 L (%) 

Carbon 0.08 max 0.03 max. 

   

Manganese 2.00 max 2.00 max. 

   

Phosphorus 0.045 max 0.045 max. 

   

Sulfur 0.030 max 0.030 max. 

   

Silicon 0.75 max 0.75 max 
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known in reference literature and more information can be 

obtained in this way. 

 

Information to the Filler Wire – 

MIDALLOY ER309L stainless steel wire is used GMAW, 

GTAW, and SAW welding 

                     

Table.4. Table of Typical Chemistry 

C 0.025 

Cr 24.5 

Ni 13.0 

Mo 0.35 

Si 0.40 

P 0.02 

S 0.01 

N 0.10 

Cu 0.35 

Mn 1.88 

 

 Table.5. Table of Typical Mechanical Properties 

Tensile strength 85,200 PSI 

  

Yield strength 59,500 PSI 

  

Elongation min. 36% 

  

Impact at room temperature 100 FT-LB 

  

 

       Table.6.  Table of Recommended welding parameters 

Process Diameter Voltage Amperage Gas/flux* 

     

MIG 

(GMAW) 

035” 

SHORT 

16-

26 70-160 

69%Ar-

30%He- 

. ARC 

26-

31 150-230 1%O2 

 

.035” 

SPRAY 

28-

32 180-280 

92%Ar-

8%Co2 

 ARC   Or 

 

.045” 

SPRAY   

98%Ar-

2%O2 

 ARC    

     

 

Weld Joint Design and Edge Preparation Parameter 

By studying various research paper &whatever be the data 

available in books we have prepared the edge as following. 

 

 
Figure.1. Figure of Specification of work piece and bead 

Parameter Selection 

 

Amperage (A) 

Convert Material Thickness to Amperage (A) 

(.001 in = 1 ampere) 

Material thickness determines weld parameters. 

 

Table.7. Table of Selection of Wire Size 

Wire Size(dia.) Amperage Range 

   

.030 inch 40 − 145 A 

    

.035 inch 50 − 180 A 

    

.045 inch 75 − 250 A 

    

 

 Table.8. Table of Selection of Wire Speed (Amperage) 

Wire size Wire speed 

  

.030 inch 250ipm 

  

.035 inch 200ipm 

  

.045 inch 125ipm 

  

 

Selection of Voltage 

 

 Low Voltage: wire stubs into work.



 High Voltage: arc is unstable (spatter).



 Set voltage midway between high/low 

voltages



 Voltage controls height and width of weld 

bead

 

Non Destructive Testing 

Non destructive testing or Non-destructive testing (NDT) is a 

wide group of analysis techniques used in science and industry 

to evaluate the properties of a material, component or system 

without causing damage. The terms Non destructive 

examination (NDE), Non destructive inspection (NDI), and 

Non destructive evaluation (NDE) are also commonly used to 

describe this technology. Because NDT does not permanently 

alter the article being inspected, it is a highly valuable 

technique that can save both money and time in product 
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evaluation, troubleshooting, and research. Common NDT 

methods include ultrasonic, magnetic-particle, liquid penetrate, 

radiographic, remote visual inspection (RVI), eddy-current 

testing, and low coherence interferometry. NDT is a 

commonly-used tool in forensic engineering, mechanical 

engineering, electrical engineering, civil engineering, systems 

engineering, aeronautical engineering, medicine, and art. 

 

 
 Figure.2. Figure of NDT testing 

 

 Section of material with a surface-breaking 

crack that is not visible to the naked eye



 Penetrate  is applied to the surface.



 Excess penetrate is removed.



 Developer is applied, rendering the crack visible

 

Radiography Testing(RT)  

 

Industrial radiography is a non destructive testing (NDT) 

method of inspecting materials for hidden flaws by using the 

ability of short wavelength electromagnetic radiation (high 

energy photons) to penetrate various materials. Either an X-

ray machine or a radioactive source (Ir-192, Co-60, or in rare 

cases Cs-137) can be used as a source of photons. Neutron 

radiographic testing (NR) is a variant of radiographic testing 

which uses neutrons instead of photons to penetrate materials. 

This can see very different things from X rays, because 

neutrons can pass with ease through lead and steel but are 

stopped by plastics, water and oils. Since the amount of 

radiation emerging from the opposite side of the material can 

be detected and measured, variations in this amount (or 

intensity) of radiation are used to determine thickness or 

composition of material. Penetrating radiations are those 

restricted to that part of the electromagnetic spectrum of 

wavelength less than about 10 Nanometers. 

 

Mechanical Testing 
Mechanical testing is used to find out tensile strength and 

hardness of weld bead. So it comprises of ultimate tensile 

strength test and hardness test on Rockwell scale. 

 

 III. RESULTS 

 

While performing welding on different specimen with 

different wire feed rate and voltage we obtained variation of 

current as shown in following table 

  Table.9. Table of voltage, current and wire feed rate. 

 

Specimen no. Voltage (V) Current (A) Wire feed rate 

   (m/min.) 

    

1 26.5 164 2.0 

    

2 26.5 170 2.5 

    

3 26.5 187 2.7 

    

4 26.5 198 3.0 

    

5 29.5 167 2.0 

    

6 29.5 184 2.5 

    

7 29.5 207 2.7 

    

8 29.5 212 3.0 

    

9 36 169 2.0 

    

10 36 187 2.5 

    

11 36 209 2.7 

    

12 36 215 3.0 

    

 

From above results 

 In range of 2m/min to 2.7m/min of feed rate of MIG 

wire the variation of current is less. There is higher increment 

in current while increasing the current after 2.7 m/min and 

again variation is less up to 3m/min while voltage is constant 

 As we increase the value of constant voltage (26.5V to 

36V) value of current(164A to 215A) increases accordingly 

 Variation of voltage w r t current increases upto 29.5 

volt but current decreases after 29.5 volt while feed rate is 

constant 

 At feed rate 2.7m/min good penetration can be 

observed experimentally and at lesser feed rate to 2.7 m/min 

penetration is low. 

Good penetration is observed in range of 2.7m/min to 3.0 

m/min

 After 3m/min feed rate there is excessive penetration 

is observed.    
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Table.10. Table of Variation of hardness in fusion zone 

and heat affected zone 

S.No. 

Distance 

from 

Hardness 

in SS 

Distance 

from 

Hardness in 

MS 

 

fusion line 

in SS 

zone 

(HRB) 

fusion line 

in MS zone (HRB) 

 Zone  zone  

     

1 0 82 0 82 

     

2 2 82 2 82 

     

3 4 83 4 81 

     

4 6 84 6 80 

     

5 8 83 8 78 

     

6 10 82 10 77 

     

 From above observation we have concluded 

 

 Hardness is maximum in HAZ of SS (88 HRB) 

which is greater than hardness of SS parent metal (82 HRB). 

Hardness is varying in HAZ with respect to distances from 

fusion 

 

IV. CONCLUSSION 

 

Observation of Tensile Test 

 

    Tensile strength of weld bead is found to be 490 MPa 

at 29.5 V voltage, 2.7 m/min feed rate, 207A maximum 

current.



 During tensile testing fracture takes place from mild 

steel MS-1018.This shows that the weld joint has more 

strength than mild steel whose UTS is 440 MPa



 Above result is obtained at 29.5 V voltage, 207 A maximum 

current ,2.7m/min MIG wire feed rate & 15cm/min weld 

speed. this is optimum parameter which is found practically 

very good.



 Characterization of microstructure, mechanical properties 

and corrosion resistance of dissimilar welded joint between 

2205 dual stainless steel and 16MnR Shaogang Wang*, Qihui 

Ma, Yan Li College of Material Science and Technology, 

Nanjing University of Aeronautics and Astronautics, Nanjing 

210016, China tensile vigor found was 600 Mpa which is near  

proximate to our result.



Result of Radiography Test 

During radiography test small patch of slag is being found



Comments about Penetration and Spattering 

Optimum penetration is obtained at 26.5V to 29.5V voltage 

and about 2.7 m/min to 3.0 m/min MIG wire feed rate and if 

we increase voltage more than 29.5V there is chances of 

spattering and if decrease the voltage then there is lack of 

penetration and fusion in base metal. 
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