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Abstract--- Friction stir welding is an eco-friendly solid state welding technique employed particularly for 

joining the magnesium alloys since is a light weight metal which is difficult to join by conventional process. During 

the friction stir welding process the influence of tool rotational speed on the magnesium alloy are carried out at 

different speeds. Further microstructure analysis is performed on the welded joint, from this we find microstructure 

evolution, weld defects and properties of weld tool. 

Keywords--- Friction Stir Welding, SS Tool, HSS Tool, Magnesium Alloy (AZ31B). 

I. INTRODUCTION 
The use magnesium alloys has been increasing in day to day life in all the manufacturing industries like 

automotives, aerospace, shipbuilding industries etc. This is due to the lighter weight of magnesium alloys, when 

compared to other metal alloys it is 1/3 lighter than aluminum,3/4 lighter than zinc, 4/5 lighter than steel. 

Magnesium also has the highest strength-weight ratio of any of commonly used metals. More over magnesium has 

many advantages like good castability, recyclability, high die-casting rates, electromagnetic interface shielding 

properties, dimensional accuracy and excellent machinability which promote its utilization in manufacturing 

industries. 

Conventional welding process for joining the magnesium alloys produces the defects like porosityand hot cracks 

which leads to the changes in mechanical properties. So to avoid such defects we have chosen friction stir welding. 

Friction stir welding is capable of joining the lightweightAZ31magnesium alloy without melting and it can eliminate 

the problems due to the solidification.  

Friction stir welding does not require any filler materials like other welding process, metallurgical problems 

associated with it can also be eliminated, by this we can obtain the good quality of weld to the workpiece. 

 Further the influence of different ratios of different rotational speed on mechanical properties of different zones 

of friction stir welded AZ31 magnesium alloy was studied by performing the microstructure tests. 
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II. LITERATURE SURVEY 
S.NO PAPER NAME/ AUTHOR 

NAME/YEAR 

TOOL MATERIAL MAJOR FINDING JOURNAL 

PUBLISHER 

1 Review on friction stir 

welding of magnesium alloys/ 

Kulwant Singh, Gurbhinder 

Singh, Harmeet Singh/ 2018 

Tool steel, H13 tool steel, 

Mild Steel, Stainless Steel, 

High Carbon Steel, High 

Speed Steel, High carbon 

High chromium steel 

In this paper the devolvement on 

FSW process and its factors are 

studied by examining various 

factors like microstructural 

evolution, residual stress, Hardness 

and the mechanical properties. 

Elsevier B.V 

2 Investigation of 

microstructure on friction stir 

welded AZ61 magnesium 

alloy joint/ Kulwant Singh, 

Gurbhinder Singh, Harmeet 

Singh/ 2018 

H13 steel Formation of finer grains during the 

FSW results in improving the 

hardness of the welded joint.  

Elsevier B.V. 

3 Friction stir welding of 

magnesium AM60 Alloy/ 

Naiyi Li, Tsung-Yu Pan/2014 

H13 Tool steel The investigation clearly states that 

FSW leads to increasing the 

welding strength & ductility while 

compare to other base materials. 

Research gate 

4 Paper on Friction stir welding 

of Magnesium Alloys-A 

Review/V. Prasanna/K. 

Sarath/2016 

Tool steel, H13 tool 

steel,HSS,M35 HSS Tool, 

High Carbon High 

Chromium Steel,H13 Steel 

Friction stir welding on various 

types of Magnesium Alloy grades 

has been studied, among various 

grades of Mg Alloy AZ31 grade has 

been used in major FSW process 

IJIRST 

III. EXPERIMENTAL WORK 
Rolled plates of 5 mm thickness AZ31B magnesium alloy were cut to the required dimensions (240mmx60 

mmx5mm) by wire cut Electric Discharge Machine. The schematic diagram of AZ31B Mg alloy plates used for 

FSW is shown in Fig.1. 

  

Figure 1: The Schematic Digarm of AZ31B Mg alloy Plates used for FSW 
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The initial joint configuration was obtained by securing the plates in position using mechanical clamps. The 

direction of welding is normal to the rolling direction and single pass FSW used to fabricate the joints. The diameter 

of the tool shoulder (D) is 18 mm and that of the insert pin diameter (d) and pin length (L) are 6 mm and 4.8 mm 

respectively. The schematic diagram of Tool geometry is shown in Fig.2. 

 

Figure 2: The Schematic Diagram of Tool Geometry 

Table 2: FSW Process Parameters and Tool Nomenclature 

 

The FSW parameters such as tool rotational speeds and travelling speed were 900 rpm, 1120 rpm, 1400rpm, and 

1800 rpm with 40mm/min respectively. The tool onward tilted an angle of 2.50 and a vertical load of 5KN is applied. 

The FSW process parameters and tool nomenclature are presented in Table 2.The process is carried out on a vertical 

milling machine (VMM) (Make HMT FM-2, 10hp, 3000rpm). The macrographs of VMM and tool arbor are shown 

in Fig.3 and Fig.4 respectively. For various testing the required dimensions of the specimens were cut from the 

region under the tool shoulder (i.e. stir zone) by using wire EDM. 
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Figure 3: The Macrographs of Vertical Milling Machine 

 

Figure 4: The Macrographs of Tool Arbor 

The specimens for metallographic examination were sectioned to the required size and then polished using 

different grades of emery papers. A standard reagent made of 4.2 g picric acid, 10 ml acetic acid, 10 ml diluted 

water, and 70 ml ethanol was used to reveal the microstructure of the welded joints. Micro structural analysis was 

carried out using a light optical microscope (Maker: Metzer-M, Binocular Microscope; model: METZ-57) 

incorporated with an image analyzing at high magnification to estimate the weight percentage of elements. 

IV. RESULTS & DISCUSSION 
The optical micrographs taken at stir zone of FSW of all the joints are displayed in Fig.5 (A-I).From the 

micrographs, it is understood that there is in appreciable variation in average grain diameter of weld region in 

AZ31B Magnesium alloy. Due to FSW, the coarse grains of base metal are changed in to fine grains in the stir zone. 
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The joints fabricated with a rotational speed of 1120 rpm with a constant welding speed of 40 mm/min and SS 

tool contain finer grains in the weld region compared to other joints. This is one of the reasons for higher tensile 

properties of these joints compared to other joints. From the micrographs, it is inferred that there is an appreciable 

variation in grain size across the welds; this is because of in sufficient plastic flow and thermal exposure, It has been 

observed during this work that the total impact energy increased in the friction stir welding of (medium strength) 

AZ31B Mg alloy for both temper conditions especially at 1120 rpm and 40 mm/min with respect to the base metal 

while rotation and transverse speed have little effect on the impact value of (high strength) results were very close to 

each other. Finally it is important to mention that the relation between rotation speed, transverse speed and input 

heat which effect on the impact value seems to be compound and depend on the material properties being welded, 

Grains are relatively smaller in the retreading side of SZ compared to the advancing side, and this is caused by the 

greater straining in this location. The similar observation was made in friction stir welding of AZ31B Magnesium 

alloy. This may be another reason for failure along the SZ region on the advancing side. 

 

Fig.5: (A-1) Effect of tool material on stir zone Microstructure with SS tool & HSS tool 

The heat input and material flow behavior decides the quality (defect free) of FSW joints. The heat input and 

material flow behavior are predominantly influenced by the FSW process parameters such as tool rotation speed, 

welding speed and axial force. The heat input increases with increase in rotation speed. At lower rotation speed, the 

heat input is not sufficient and also improper stirring causes a tunnel defect at the middle of the retreating side. 

Higher rotation speeds could raise the strain rate and turbulence (abnormal stirring) in the material flow caused a 

tunnel defect at the weld nugget. As the rotation speed increases, the strained region widens, and the location of the 

maximum strain finally moves to the retreating side from the advancing side of the joint. This implies that the 

fracture location of the joint is also affected by the rotation speed. 
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V. CONCLUSION 
The tool material and rotational speed have been identified as the important parameters that affect the stir zone 

microstructure and properties of FSW process. The following conclusions can be obtained. SS tool material 

provided fine grained microstructures and better mechanical properties as compared to HSS. 

REFERENCES 
[1] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Virtual instrumentation based process of 

agriculture by automation. Middle-East Journal of Scientific Research, 20(12): 2604-2612. 
[2] Udayakumar, R., Kaliyamurthie, K.P., & Khanaa, T.K. (2014). Data mining a boon: Predictive system for 

university topper women in academia. World Applied Sciences Journal, 29(14): 86-90. 
[3] Anbuselvi, S., Rebecca, L.J., Kumar, M.S., & Senthilvelan, T. (2012). GC-MS study of phytochemicals in 

black gram using two different organic manures. J Chem Pharm Res., 4, 1246-1250. 
[4] Subramanian, A.P., Jaganathan, S.K., Manikandan, A., Pandiaraj, K.N., Gomathi, N., & Supriyanto, E. 

(2016). Recent trends in nano-based drug delivery systems for efficient delivery of phytochemicals in 
chemotherapy. RSC Advances, 6(54), 48294-48314. 

[5] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Partial encryption and partial inference control 
based disclosure in effective cost cloud. Middle-East Journal of Scientific Research, 20(12), 2456-2459. 

[6] Lingeswaran, K., Prasad Karamcheti, S.S., Gopikrishnan, M., & Ramu, G. (2014). Preparation and 
characterization of chemical bath deposited cds thin film for solar cell. Middle-East Journal of Scientific 
Research, 20(7), 812-814. 

[7] Maruthamani, D., Vadivel, S., Kumaravel, M., Saravanakumar, B., Paul, B., Dhar, S.S., Manikandan, A., & 
Ramadoss, G. (2017). Fine cutting edge shaped Bi2O3rods/reduced graphene oxide (RGO) composite for 
supercapacitor and visible-light photocatalytic applications. Journal of colloid and interface science, 498, 
449-459. 

[8] Gopalakrishnan, K., Sundeep Aanand, J., & Udayakumar, R. (2014). Electrical properties of doped 
azopolyester. Middle-East Journal of Scientific Research, 20(11). 1402-1412. 

[9] Subhashree, A.R., Parameaswari, P.J., Shanthi, B., Revathy, C., & Parijatham, B.O. (2012). The reference 
intervals for the haematological parameters in healthy adult population of chennai, southern India. Journal 
of Clinical and Diagnostic Research: JCDR, 6(10), 1675-1680. 

[10] Niranjan, U., Subramanyam, R.B.V., & Khanaa, V. (2010, September). Developing a web recommendation 
system based on closed sequential patterns. In International Conference on Advances in Information and 
Communication Technologies, 101, 171-179. Springer, Berlin, Heidelberg. 

[11] Slimani, Y., Baykal, A., & Manikandan, A. (2018). Effect of Cr3+ substitution on AC susceptibility of Ba 
hexaferrite nanoparticles. Journal of Magnetism and Magnetic Materials, 458, 204-212. 

[12] Premkumar, S., Ramu, G., Gunasekaran, S., & Baskar, D. (2014). Solar industrial process heating associated 
with thermal energy storage for feed water heating. Middle East Journal of Scientific Research, 20(11), 
1686-1688. 

[13] Kumar, S.S., Karrunakaran, C.M., Rao, M.R.K., & Balasubramanian, M.P. (2011). Inhibitory effects of 
Indigofera aspalathoides on 20-methylcholanthrene-induced chemical carcinogenesis in rats. Journal of 
carcinogenesis, 10. 

[14] Beula Devamalar, P.M., Thulasi Bai, V., & Srivatsa, S.K. (2009). Design and architecture of real time web-
centric tele health diabetes diagnosis expert system. International Journal of Medical Engineering and 
Informatics, 1(3), 307-317. 

[15] Ravichandran, A.T., Srinivas, J., Karthick, R., Manikandan, A., & Baykal, A. (2018). Facile combustion 
synthesis, structural, morphological, optical and antibacterial studies of Bi1− xAlxFeO3 (0.0≤ x≤ 0.15) 
nanoparticles. Ceramics International, 44(11), 13247-13252. 

[16] Thovhogi, N., Park, E., Manikandan, E., Maaza, M., & Gurib-Fakim, A. (2016). Physical properties of CdO 
nanoparticles synthesized by green chemistry via Hibiscus Sabdariffa flower extract. Journal of Alloys and 
Compounds, 655, 314-320. 

Received: 07 Apr 2019 | Revised: 06 May 2019 | Accepted: 04 June 2019                  203 



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019 
ISSN: 1475-7192 

[17] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Wide area wireless networks-IETF. Middle-East 
Journal of Scientific Research, 20(12), 2042-2046. 

[18] Sundar Raj, M., Saravanan, T., & Srinivasan, V. (2014). Design of silicon-carbide based cascaded 
multilevel inverter. Middle-East Journal of Scientific Research, 20(12), 1785- 1791. 

[19] Achudhan, M., Jayakumar M.P. (2014). Mathematical modeling and control of an electrically-heated 
catalyst. International Journal of Applied Engineering Research, 9(23), 23013. 

[20] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2013). Application of pattern recognition for farsi 
license plate recognition. Middle-East Journal of Scientific Research, 18(12), 1768-1774. 

[21] Jebaraj, S., Iniyan S. (2006). Renewable energy programmes in India. International Journal of Global 
Energy Issues, 26(43528), 232-257. 

[22] Sharmila, S., & Jeyanthi Rebecca, L. (2013). Md Saduzzaman., Biodegradation of domestic effluent using 
different solvent extracts of Murraya koenigii. J Chem and Pharm Res, 5(2), 279-282. 

[23] Asiri, S., Sertkol, M., Guner, S., Gungunes, H., Batoo, K.M., Saleh, T.A., Manikandan A., & Baykal, A. 
(2018). Hydrothermal synthesis of CoyZnyMn1-2yFe2O4 nanoferrites: magneto-optical 
investigation. Ceramics International, 44(5), 5751-5759. 

[24] Rani, A.J., & Mythili, S.V. (2014). Study on total antioxidant status in relation to oxidative stress in type 2 
diabetes mellitus. Journal of clinical and diagnostic research: JCDR, 8(3), 108-110. 

[25] Karthik, B. (2014). Arulselvi, Noise removal using mixtures of projected gaussian scale mixtures. Middle-
East Journal of Scientific Research, 20(12), 2335-2340. 

[26] Karthik, B., Arulselvi, & Selvaraj, A. (2014). Test data compression architecture for low power VLSI 
testing. Middle - East Journal of Scientific Research, 20(12), 2331-2334. 

[27] Vijayaragavan, S.P., Karthik, B., & Kiran Kumar, T.V.U. (2014). Privacy conscious screening framework 
for frequently moving objects. Middle-East Journal of Scientific Research, 20(8), 1000-1005. 

[28] Kaliyamurthie, K.P., Parameswari, D., & Udayakumar, R. (2013). QOS aware privacy preserving location 
monitoring in wireless sensor network. Indian Journal of Science and Technology, 6(5), 4648-4652. 

[29] Silambarasu, A., Manikandan, A., & Balakrishnan, K. (2017). Room-temperature superparamagnetism and 
enhanced photocatalytic activity of magnetically reusable spinel ZnFe 2 O 4 nanocatalysts. Journal of 
Superconductivity and Novel Magnetism, 30(9), 2631-2640. 

[30] Jasmin, M., Vigneshwaran, T., & Beulah Hemalatha, S. (2015). Design of power aware on chip embedded 
memory based FSM encoding in FPGA. International Journal of Applied Engineering Research, 10(2), 
4487-4496. 

[31] Philomina, S., & Karthik, B. (2014). Wi-Fi energy meter implementation using embedded linux in ARM 
9. Middle-East Journal of Scientific Research, 20, 2434-2438. 

[32] Vijayaragavan, S.P., Karthik, B., & Kiran Kumar, T.V.U. (2014). A DFIG based wind generation system 
with unbalanced stator and grid condition. Middle-East Journal of Scientific Research, 20(8), 913-917. 

[33] Rajakumari, S.B., & Nalini, C. (2014). An efficient data mining dataset preparation using aggregation in 
relational database. Indian Journal of Science and Technology, 7, 44-46. 

[34] Karthik, B., Kiran Kumar, T.V.U., Vijayaragavan, P., & Bharath Kumaran, E. (2013). Design of a digital 
PLL using 0.35 Î¼m CMOS technology. Middle-East Journal of Scientific Research, 18(12), 1803-1806. 

[35] Sudhakara, P., Jagadeesh, D., Wang, Y., Prasad, C.V., Devi, A.K., Balakrishnan, G., Kim B.S., & Song, J.I. 
(2013). Fabrication of Borassus fruit lignocellulose fiber/PP composites and comparison with jute, sisal and 
coir fibers. Carbohydrate polymers, 98(1), 1002-1010. 

[36] Kanniga, E., & Sundararajan, M. (2011). Modelling and characterization of DCO using pass transistors. 
In Future Intelligent Information Systems, 86(1), 451-457. Springer, Berlin, Heidelberg. 

[37] Sachithanandam, P., Meikandaan, T.P., & Srividya, T. Steel framed multi storey residential building 
analysis and design. International Journal of Applied Engineering Research, 9(22), 5527-5529. 

[38] Kaliyamurthie, K.P., Udayakumar, R., Parameswari, D., & Mugunthan, S.N. (2013). Highly secured online 
voting system over network. Indian Journal of Science and Technology, 6(S6), 4831-4836. 

[39] Sathyaseelan, B., Manikandan, E., Lakshmanan, V., Baskaran, I., Sivakumar, K., Ladchumananandasivam, 
R., Kennedy, J., & Maaza, M. (2016). Structural, optical and morphological properties of post-growth 
calcined TiO2 nanopowder for opto-electronic device application: Ex-situ studies. Journal of Alloys and 
Compounds, 671, 486-492. 

Received: 07 Apr 2019 | Revised: 06 May 2019 | Accepted: 04 June 2019                  204 



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019 
ISSN: 1475-7192 

[40] Saravanan, T., Sundar Raj M., & Gopalakrishnan K. (2014). SMES technology, SMES and facts system, 
applications, advantages and technical limitations. Middle - East Journal of Scientific Research, 20(11), 
1353-1358. 

[41] Gokula Krishnan, C.A., & Dr. Suphalakshmi, A. (2017). An Improved MAC Address Based Intrusion 
Detection and Prevention System in MANET Sybil Attacks. Bonfring International Journal of Research in 
Communication Engineering, 7(1), 1-5. 

[42] Kurian, S., & Franklin, R.G. (2013). Trustworthy Coordination of Web Services Atomic Transaction for Net 
Banking. The SIJ Transactions on Advances in Space Research & Earth Exploration, 1(1), 6-9. 

[43] Dr.Gopinath, B., Kalyanasundaram, M., Karthika, V., & Pradeepa, M. (2018). Development of Power 
Quality Event Using Diode Clamped Multilevel Inverter in Conjunction with AANF. Bonfring International 
Journal of Software Engineering and Soft Computing, 8(1), 17-22. 

[44] Dr. Chaturvedi, A., Bhat, T.A., & Kumar, V. (2013).Movement based Asynchronous Recovery System in 
Mobile Computing System. The SIJ Transactions on Computer Networks & Communication Engineering 
(CNCE), 1(3), 1-5. 

[45] Jerin Jose, M., Akmal Jahan, S., Arunachalam, R., Karnan, R., & Kishore, V. (2017). Automobile Accident 
Sensing Unit and Notifier using Arduino. The SIJ Transactions on Industrial, Financial & Business 
Management (IFBM), 5(1), 5-8. 

[46] Hoa, N.T., & Voznak, M. (2019). High Speed and Reliable Double Edge Triggered D- Flip-Flop for 
Memory Applications. Journal of VLSI Circuits and Systems, 1(1), 13-17. 

[47] Shamim, F.M., & Vishwakarma, S. (2016). Exploiting the Motion Learning Paradigm for Recognizing 
Human Actions. Bonfring International Journal of Advances in Image Processing, 6(3), 11-16.  

[48] Kumar, K.A., Sadulla, S., & A. Surendar, (2018). Statistical Analysis of Reliable and Secure Transmission 
Gate based Arbiter Physical Unclonable Functions (PUFs).Journal of Computational Information Systems, 
14(3), 62 - 69. 

[49] Puliyath, S. (2014). Advanced Secure Scan Design against Scan Based Differential Cryptanalysis. 
International Journal of Advances in Engineering and Emerging Technology, 5(6), 274-279. 

[50] Rinesh, S., and Jagadeesan, S. (2014). Detection and Localization of Multiple Spoofing Attackers in 
Wireless Networks. Excel International Journal of Technology, Engineering and Management, 1(1), 17-20. 

Received: 07 Apr 2019 | Revised: 06 May 2019 | Accepted: 04 June 2019                  205 


	Introduction
	Literature Survey
	Experimental Work
	Results & Discussion
	Conclusion
	References

