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Abstract: The modern Technology has evolved various 

techniques to join two metals. Among them to make a permanent 

joint of two similar or dissimilar metals Welding points are used. 

In this case to weld magnesium alloy, Friction Stir welding is 

termed as an effective welding technique which is capable of 

making a good joint. However, this type of solid state welding is 

efficient, there are certain parameters should be followed for the 

improvement of the weld joints. Those parameters to be 

maintained and sustained for the better strength and hardness of 

the weld joints are discussed. This paper talks about the various 

parameters such as welding speed, feed rate, spindle rotation 

speed. The defects of the welding are investigated by 

microstructure and SEM results.  

 

Keywords: friction stir welding, magnesium alloy, improvement 

of weld joints, welding parameters 

1. Introduction 

Friction mix welding (FSW) is a strong solid state metal 

joining procedure which was created and licensed by The Weld 

Institute of Cambridge, UK, in 1991. Now-a-day’s FSW is 

being used to weld magnesium alloys, Aluminium alloys and 

other alloys. Structural applications of magnesium alloys are 

rapidly increasing in automotive and aerospace equipment due 

to their low-density, and ease of cast ability. Joining of 

magnesium compounds by regular methods is troublesome 

because of the few issues, for example, splitting, removal and 

void in the weld zone. FSW is fit for joining magnesium 

compound without softening it and along these lines can 

dispense with issues identified with the cementing. As FSW 

does not require any filler material in the weld zone, the 

metallurgical problems associated with it can be eliminated and 

good quality weld can be obtained. Magnesium alloy AZ31B is 

an alloy, which has magnesium as its major constitution. Where 

it is joined to use in variety of application. Here, Friction Stir 

Welding which is a solid state welding process that uses a non-

consumable tool to join the work piece which requires high 

weld strength. At 1200 rpm of spindle speed, the friction 

between work piece and the rotating tool leads to the softening 

of the work piece near the tool. This process of the tool 

traversing along the weld line creates a plasticification of metal 

results in solid-state deformation involving dynamic  

 

recrystallization of the base material. It is done to reduce the 

fatigue property of the metal. 

 

 
Fig. 1.  Friction stir welding 

 

Tensile strength- is an estimation of the power required to 

pull something, for example, rope, wire, or a basic shaft to the 

point where it breaks. Here, the ultimate tensile strength of the 

material is calculated. 

Hardness strength- is a proportion of the protection from 

confined plastic distortion initiated by either mechanical space 

or scraped spot. It is found to know the maximum hardness of 

the welded joint. 

2. Magnesium and its alloys 

Magnesium alloys are broadly divided into  

 Mg-Al alloys 

 Zr-containing alloys 

 Cast Mg alloys 

 Die casting 

Mordike and Ebert have discussed the major pros and cons 

of Mg and its alloys which include: 

 High specific strength 

 Good castability 

 Turning and milling  

 Weldability 

 Resistance to corrosion 

A. Major uses 

 Various Aircrafts and missile equipment 

 Airplanes engine mounts, aircraft control hinges, 
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fuel tanks and wings 

 Automobile wheels, engine housings, transmission 

cages, engine blocks 

 Bicycles and other sports equipment 

 Climbing Ladder 

 Laptops, cell phones, TV 

 Chainsaws, Portable power tools. 

 Weedwhacker, hedge clipper. 

 Textile and printing machineries 

 Steering wheel and frames of sheet 

B. Welding parameters 

The welding parameters play a key role during all the 

welding technique including the FSW. The weld quality and the 

final weld microstructure is influenced by the proper 

parameters. 

Spindle Rotational Speed: The increase in the tool travel 

speed and decrease in the tool rotational speed will cause a 

irregular cold weld. 

Welding speed: the increased welding speed changes the 

grain arrangement abruptly. 

Tilting angle: Either a constant or variable tilting angle is 

kept. 

Pin Profiles: It plays a vital role in this welding 

Axial down force: The generation of frictional heat to soften 

the material is due the down force. 

C. Welding tools 

The critical process in the FSW is the tool design as it should 

have high hardness at the elevated temperature and should 

sustain till the end. The two important factors to be considered 

while selecting the tool is weld quality and tool wear, because 

the weld quality will be affected by the heat dissipation and 

generation. Usually H13 tool steel is used. The various types of 

profiles used for pin such as tapered, cylindrical, cylindrical 

threaded, conical etc. The shape of pin profile ha a great 

Influence in the final weld microstructure, grain refinement and 

etc. 

Table 1 

Mechanical properties of magnesium alloys at room temperature 

Property Unit AZ91 AM60 AM50 AM20 AS41 AS21 AE42 

Ultimate tensile strength Mpa 240 225 210 190 215 175 230 

Yield strength Mpa 160 130 125 90 140 110 145 

elongation % 3 8 10 12 6 9 10 

Elastic modulus Gpa 45 45 45 45 45 45 45 

Brinell hardness  70 65 60 45 60 55 60 

Impact strength J 6.2 17.4 18.33 18.23 4.21 5.3 5 

 

Table 2 

Physical properties of magnesium alloys 

Property Unit Temp(F) AZ91 AM60 AM50 AM20 AS41 AS21 AE42 

Density g/cucm 68 1.81 1.8 1.77 1.75 1.77 1.76 1.79 

Linear Thermal Expansion Coefficient µm/m 68-212 26 26 26 26 26.1 26.1 26.1 

Specific Heat Kj/kg k 68 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

Thermal Conductivity W/km 68 51 61 65 94 68 84 84 

Electrical Conductivity MS/m 68 6.6 nm 9.1 13.1 nm 10.8 11.7 

 
Table 3 

Previous studies on FSW of Mg alloys 
Objective Work piece material Tool material Year/author Remarks 

Effects of parameters on mechanical 

property in the FSW weld 

AZ31B 400x1000x5mm M5 guidance High 

Speed  steel 

2017/Vedat veli 

CAY et al 

Micro hardness doesn’t has major 

change due to feed rate 

Micro structure and tensile property of 

FSW alloy 

AZ31B-H24 Tool steel 2007/N.Afrin et al Higher weld speed give high 

hardness ,low rotational  speed gives 

high yield strength 

 Influence of tensile property ,hardness 

and microstructure on welding process 

AZ31B 240x120x5mm High Speed Steel 2014/S.Ugender et al Exhibited Maximum mechanical 

properties compared to other 

rotational speeds. 

Friction stir welding on magnesium 

alloy 

2024-T3 aluminum alloy 

and AZ31B 3mm thick plate 

Tool steel(SKD61) 2017/C.Murugaraj et 

al 

Tensile strength of the joint is 

equivalent to 80% of base metal is 

obtained. 

Analysis of defect formation in FSW 

of MG alloy 

AZ31B Magnesium Alloy H13 Tool Steel 2017/Piyush Gulati 

et al 

Defect free weld were formed at low 

rotational speed with truncated 

conocal profile tool 

Applying and analysis of FSW of MG 

alloy by Taguchi Grey based approach  

100x50x2 mm ZM21 

magnesium alloy 

High Speed steel 

M35 

2018/B.Magamai 

Radj et al 

Obtains maximum weld strength of 

ZM 21 Magnesium alloys  

To analyze the micro hardness and 

mechanical property of cerium added 

AZ31B Mg alloy 

AZ31B Magnesium Alloy 

200x60x5 mm 

Tool steel 2010/Yu sirong et al Micro hardness increased from 

surface to the bottom of the weld 

Optimization of AZ91D alloy PVD 

parameters by Taguchi Grey approach 

AZ91D Mg alloy 20x20x5 

mm³ 

PVD coating 2018/M.Sivapragash 

et al 

Coated materials have high surface 

properties 
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Table 3 (Contd.) 

Effect of corrosion resistance nickel 

coating on AZ31B alloy by in-situ 

shot-peening-assisted-cold spray 

AZ31B 25x15x4 mm³ Corrosion 

resistance 

coating 

2018/Ying-Knag wei et al High density of dislocation is in part 

responsible for the slightly lower 

anticorrosion performance of Ni 

coating as compared to bulk Ni 

Effect of welding parameters on 

similar friction stir welding joints of 

AZ31B-O Mg alloy 

AZ3B-O Mg alloy 

150x75mm 

High carbon 

High Chromium 

steel 

2014/Inderjeet singh et al High tensile strength which is 91% of 

the base metal 

Analysis of  tensile properties and 

strain hardening behavior of double-

sided arc welded and FSW AZ31B mg 

alloy 

2mm thick AZ31B-H24 

Mg alloy 

Tool steel H24 2010/S.M.Choudhury et 

al 

FSW resulted in recrytalized and 

relatively small grains in the SZ and 

TMAZ 

Evaluation of FSW process of 

dissimilar metals of 6061-T6 Al alloy 

to AZ31B Mg alloy 

AZ31B-O Mg alloy 

200x45x3.0 mm 

H13 tool steel 2015/Banglong Fu et al The sufficient intermixing between 

dissimilar materials and the 

intermediate heat input were helpful 

to the high weld properties. 

Electrochemical corrosion behavior of 

stir zone of FSW dissimilar joints of 

AA6061 aluminium-AZ31B mg alloy 

AA6061-T6 Al alloy 150 

mmx75 mm 

High speed steel 2016/R.Kamal jayaraj et 

al 

Corrosion rate decreases with an 

increase in exposure time 

Improvement of micro structural and 

tensile properties  of AZ31B Mg alloy 

by Stationary shoulder friction stir 

welding 

AZ31B 200x90x6.35 

mm³ 

Conventional 

FSW tool 

2019/Wenya li 

et al 

Smooth surface of alloy is produced 

in SSFSW method 

Conversion of FSW of Mg alloy 

AZ31B to Al alloy 5083 

AZ31B 12mm 

AA 5083 200mm  

Tool steel 2003/A.A.McLean et al Visually sound and no ductile welds 

are produced 

Proper Tool pin profile selection for 

FEW of AZ31B alloy 

AZ31B Magnesium 

Alloy 220x75x6 mm 

High carbon steel 

High speed steel 

Stainless steel 

2009/G. Padmanaban et 

al 

Defect free fine equiaxed grains 

nugget region,  higher hardness and 

tesnile property is obtained 

Effect of friction stir processing on the 

superplastic formomg of AZ31B alloy 

AZ31 B Alloy Plate Super Plastic 

Forming Tool 

2014/ S. Ramesh Babu et 

al 

Super plastic foring time decreased 

than that of the non-friction stir 

processed material 

Analysis of dissimilar FSW of Al and 

Mg alloy  

AZ31B 

Magnesium alloy and 

A5052-H aluminum 

alloy plate.  

plate thickness  3 [mm] 

JIS SKD61 Tool 

steel 

2008/ Taiki Morishige et 

al 

Higher joint efficiency is obtained  

Behavior analysis of stress corrosion 

cracking of peened FSW 2195 Al alloy  

Aluminum Alloy 2195 

1.25 Thickness 

Tool Steel 2009/ Omar Hatamleh et 

al 

High tensile property is obtained than 

unpeened sample 

Improvement of FSW A6061-T6 Al 

alloy by laser peening without coating 

A6061-T6 aluminum 

alloy 300x60x3mm 

Carbon steel 

High Strength 

Steel 

2012/ Y. Sano et al Higher fatigue performance can be 

expected 

Effect of Ultrasonic spot welded Al-Al 

joint in microdtructure and mechanical 

properties 

Aluminum 2219 

100x25x1.25mm 

High speed steel 2019/ Zeng-Lei Ni et al Different thickness material are 

joined and fabricated 

Analysis of FSW reinforcement 

technique on 5754 alloy 

Aluminum Alloy 5754 H 13 Tool 2017/ Hossein Andalib et 

al 

FFSSW approach with the concave 

tool was increased the joint strength 

for about 37% higher than CFSSW 

strength 

Improvement of strength of joint in Ti-

6Al-4V alloy to type-718 nickel based 

alloy using the Au-Ni interlayer 

Type-718 nickel-based 

alloy and Ti-6Al-4V 

alloy 

Tool Steel 2018/ Tomo Ogura, 

Keisuke Miyoshi et al 

High tensile strength along the 

formation of a thin intermediate layer. 

Effect of Submerged friction stir 

welding on 7050 Al alloy butt joints on 

weld temperature distribution and 

mechanical properties 

Aluminum Alloy 7050 H 13 Tool Steel 2011/ Rui-dong Fu et al Mechanical properties of the welded 

joints in hot water are the best 

amongst all weld joints tested 

Strength and ductility improvement of 

Al alloy joints via rapid cooling during 

FSW 

20 mm thick AA2219-

T62 Aluminum Alloy 

Tool Steel 2012/ W.F. Xu et al Compared to air cooling ,water 

cooling during FSW improves both 

the strength and ductility 

Improvement of weld strength of Mg 

to Al via tin interlayer during ultra 

sonic spot welding 

Aluminum 5754 

Magnesium alloy 

AZ31B (80X15X3mm) 

H 24 Tool 2012/ V. K. Patel et al Maximum lap shear strength and 

failure energy of Mg to Al with an Sn 

interlayer is achieved 

Microstructure and performance 

analysis for Al welds produced by 

magnetic field assisted laser welding 

Aluminum Alloy Tool Steel 2018/ Fei Yana et al Joint with good weld quality can be 

achieved with reduced susceptibility 

and improved shear strength 

Improvement of fatigue strength for 

high strengthsteel welded joints   

Aluminum and 

Magnesium alloy 

High Strength 

Steel 

2012/ Halid Can Yildirim 

et al 

An increase in fatigue strength and 

yield strength was found 

Analysis of disiimilar welding 

techniques for Mg to Al alloy 

Aluminum alloy 1050 

and Magnesium alloy 

AZ31 

Rotating tool 2014/ Liming Liu et al Impacts the dissemination and the 

thickness of the Mg-Al alloy  and 

increases the mechanical  property of 

the joint 
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3. Conclusion 

Thus there are several experiments that show us the 

parameters and methods to improve the weld joint. Friction stir 

welding can be done effectively for the magnesium alloy by 

maintaining the different tool parameters, it is also effective in 

joining different alloys with Mg. An effective welding with a 

high mechanical and micro structural property can be obtained. 

It shows us that right from the tool selection and the PWHT 

selection has a major influence in the efficiency of the weld 

joint. As per the study 1000rpm of tool rotation speed, 

22mm/min welding speed and 0.10 plunging depth are the 

optimum process parameters to give maximum weld strength 

for 2mm thick magnesium alloy. 
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