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Abstract— Magnesium have several properties likes light 

weight, high specific strength, good damping properties and 

machine ability. That is why it is attractive metal for 

automobiles and mobile electronics for effective reducing 

weight. The main aim of the experiment is to study the 

behavior of Magnesium AZ31B-O alloy when its joints are 

welded with friction stir welding. So for this purpose we have 

conducted visual testing, mechanical and metallurgical 

testing on 5mm thick plates welded by FSW. In this 

investigation an attempt has been made to study the effect of 

friction stir welding parameters like welding pitch i.e. 

combined effect of welding speed rotational speed of tool 

with single and double pass of tool. Various parameters such 

as welding speed of 30 mm/min and 45 mm/min with tool 

speed of 1200 rpm and 1650 rpm has tried with single and 

double pass. The optimum results are found at 1200 rpm and 

45mm/min with double pass because of homogeneous 

dispersion of material. It is also observed that during single 

pass excessive heat generation and insufficient material flow 

occur at higher tool rpm, leading to formation of defects like 

tunnel defect which ultimately results in failure of weld joints 

between SZZ and TMAZ. 
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I. INTRODUCTION 

A. Friction Stir Welding 

Friction Stir Welding (FSW) is a solid state welding process 

first discovered and patented by the Welding Institute of 

Cambridge U.K. in 1991 by Wayne Thomas et al. and has 

been since then the subject of a great deal of interest. As per 

a survey done by Prof. A. P. Reynolds, Guest Editor of 

Science and Technology of Welding and Joining journal, 

since 1996, more than 5% of all refereed journal articles 

related to welding have been friction stir welding articles and 

if the friction stir processing literature is included this number 

is even greater. FSW is a solid state joining process that uses 

friction generated by a rotating cylindrical tool to heat and 

plasticize metal on either side of a joint for obtaining a solid 

and functional weld. Friction generated heat is more effective 

at reorganizing the microstructure of metals and metal alloys 

than other forms of fusion welding. The process uses a 

rotating, non-consumable weld tool that plunges into the base 

material and moves forward. Friction heat caused by the 

rotating pin creates a plasticized tubular shaft around the pin. 

Pressure provided by the weld tool forces the plasticized 

material to back of the pin. Al alloy is difficult to weld by 

traditional methods, due to high thermal conductivity, 

resulting in defects like porosity, cracks etc. Hence FSW is 

being increasingly used. The process is especially well suited 

to butt and lap joint in aluminum since aluminum is difficult 

to weld by arc process, but is very simple to weld by FSW. 

An emerging and very attractive technology to overcome 

such drawbacks is FSW. FSW consumes less energy and 

leads to decrease in material waste and to the avoidance of 

radiation and dangerous fumes. The energy efficiency, 

environment friendliness and versatility make the FSW a 

promisingly ecologic and “green technology”. 

 
Fig. 1: FSW Operation 

II. METHODOLOGY 

A. Experimental Set Up 

The experimental setup which is shown below in figure 2 is 

used during welding. 

  
Fig. 2: Setup of work piece and fixture on Milling Machine 

B. Material Selection 

The material selected for the study AZ31B-O Mg alloy which 

have a better strength to weight ratio than that of high strength 

steel. Chemical composition of the original alloy is presented 

in Table 1. Magnesium alloys have the advantages of low 

density, high specific strength and excellent damping 

characteristic and have become potential structural materials 

in aerospace and automobile manufacture fields. Problems 

caused by the conventional fusion welding can be dispelled 
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by FSW, which can significantly widen the applications of 

Magnesium alloys. Varieties of Magnesium alloys have been 

successfully welded by FSW. The microstructure and 

mechanical property of stir zone of FSWed AZ31B-O Mg 

alloy joint have been comprehensively studied, AZ31B-O Mg 

alloy has the widest commercial application among varieties 

of Mg alloys, but sometimes its strength is not high enough 

while AZ80 alloy is of higher strength but with poor 

deformation ability. Mg AZ31B-O alloy is said to have good 

weld ability. The melting point of Magnesium is 650°C, as 

the temperature of the metal rises the material undergoes a 

linear decrease in density as presented in Table 2 (Cox D C, 

2010). 
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Table 1: Chemical composition of AZ31B-O Mg 
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Table 2: Temperature dependent density of Magnesium 

C. Selection of Tool Material and Tool Design 

A proper selection of tool material and tool design plays a 

vital role to achieve good mechanical as well as micro 

structural properties with Friction stir welding process. 

D. Selection of Tool Material 

As a cooperative industrial effort under the sponsorship of 

AISI and SAE, a tool steel classification system has been 

developed in which the commonly used tool steels are 

grouped into seven major categories. During the welding 

process the tool will reach temperatures in the range of 500oC 

at tool tip depending on the type of material being welded. 

The tool material must have good hardness, toughness and 

wear resistant properties at elevated temperatures. A cold-

work tool High carbon, high chromium oil hardened type 

steel tool that comprises of outstanding high temperature 

strength, high temperature toughness, high temperature wear 

resistance and good machine ability is selected for present 

work. The chemical composition of selected material High 

chromium high carbon steel can be seen in the Table 3. 
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Table 3: Chemical composition of High Chromium High 

Carbon Steel 

E. Tool Design 

One of the most important aspects of FSW is the design of 

the tool. The FSW tool affects, the heat generation, material 

flow, power input, and weld quality. In the basic form, the 

shoulder provides the heating and restrains the material from 

leaving the weld zone, while both the pin and the shoulder 

contribute to the flow, or stirring of the material  

S. No Parameters Dimensions (mm) 

1 Shoulder Diameter 21 

2 Pin Diameter 7 

3 Pin Length 4.8 

4 Left  hand thread 1 mm (pitch) 

Table 4: Tool configurations 

 
Fig. 3: Welding tools 

F. Development of Welding Fixture 

The main purpose of a fixture for friction stir welding is to 

hold the work pieces in position during welding. However, 

there is limited published information that details the fixture 

design requirements. The main reason for having appropriate 

clamps or fixtures is to prevent the specimens from moving 

while being welded 

Following forces act on the work piece during 

welding process of FSW: 

1) Welding tools axial force and deflection 

2) Joint or work piece separation 

3) Preventing the longitudinal sliding of work pieces 

4) Work pieces buckling due to thermal expansion 

G. Experimental Design & Analysis 

Following were the steps adopted for Friction Stir Welding 

conduct visual test, tensile test, micro hardness test and 

microstructure test. 

 Initially the plates having 200 mm x 75 mm was cut 

perpendicular to rolling direction from original plates 

with power hacksaw. Thirty six plates of size 200 mm x 

75 mm were prepared to obtain eighteen Friction Stir 

Welded joints with different parameters. Then the edges 

were finished with filling operation so that interfaces can 

be properly matched. 

 Fixture was first fixed on the machine bed with help of 

clamps. Fixture was properly held and then plates were 

held on the fixture. 

 Welding tool with shoulder diameters of 21 mm was 

used, keeping pin diameter and pin length of 7 mm and 

4.8 mm respectively. Then a tool rotational speed of 

1650 rpm and welding speed of 30 mm/min was set. 

 Then transverse feed provided by the bed to holding 

specimen as a result Friction Stir welding was performed 

on plates in a direction perpendicular to rolling direction. 
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 Specimen no. 1 and 2 were welded keeping tool 

rotational speed constant (1650 rpm) and by varying 

welding speed say 30 mm/min and 45mm/min 

respectively. 

 Specimens 2 and 3 were welded after keeping the tool 

rotational speed of 1200 rpm and tool shoulder diameter 

constant by varying welding speed 30 mm/min and 

45mm/min respectively.. 

 Specimen no. 5, 6, 7 and 8 were welded with double pass 

Friction Stir Welding by adopting the above mentioned 

procedure 

Specimen 

No. 

Welding 

Speed 

(mm/min) 

Tool 

Rotational 

speed (rpm) 

No. of 

FSW 

passes 

1 30 1650 Single 

2 45 1650 Single 

3 30 1200 Single 

4 45 1200 Single 

5 30 1650 Double 

6 45 1650 Double 

7 30 1200 Double 

8 45 1200 Double 

Table 5: Specimen number specifications followed 

throughout study 

III. RESULT & DISCUSSION 

During testing various results are obtained which are given 

below; 

A. Tensile Characteristics 

Specimen 

no. 

Welding Speed 

(mm/ min) 

Tool Rotational  

Speed (rpm) 

No. of FSW 

passes 

Weld pitch 

(ʋ/ ɷ) 

UTS 

(N/mm2 ) 

% 

Elongation 

1 30 1650 Single 0.018 165.5 8.8 

2 45 1650 Single 0.027 172 9.8 

3 30 1200 Single 0.025 169 11 

4 45 1200 Single 0.037 181 12 

5 30 1650 Double 0.018 175 14 

6 45 1650 Double 0.027 186 14.8 

7 30 1200 Double 0.025 179 9.2 

8 45 1200 Double 0.037 199 16.7 

Table 6: UTS and percentage of elongation results

At 45 mm/min welding speed and toll rotational 

1200 rmp we get maximum UTS of 199 N/mm2 mm with 

double pass. 

B. Effect of welding speed on tensile properties 

 
Fig. 4: Effect of welding speed on tensile properties 

With increased of Welding speed UTS also increased to about 

200 N/mm2 and maximum result are due to double pass as 

compare to single pass 

C. Effect of tool rotational speed on tensile properties 

 
Fig. 5: Effect of tool rotational speed on tensile properties 

Intially at 1200 rpm we get maximum UTS but decrase with 

increse rmp to 1650. At 1200 rpm with double pass UTS 

result are maximum as comparie to single pass. 

D. Effect of weld pitch (ύ/ ω) or combined effect of welding 

speed and tool rotational speed and multi pass FSW 

 
Fig. 6: Effect of weld pitch (ύ/ ω) or combined effect of 

welding speed and tool rotational speed and multi pass FSW 

UTS also deponds on welding pitch because with increas of  

welding pitch from 0.018 mm/rev to 0.037 mm/rev UTS also 

follow increasing trend and also UTS is maximum with 

double pass as compare to single pass. 

E. Effect of FSW Process Parameters on Microstructural    

Spec

imen 

no. 

Welding 

Speed 

(mm/mi

n) 

Tool 

Rotation

al  Speed 

(rpm) 

No. of 

FSW 

passes 

Weld 

pitch 

(ʋ/ ɷ) 

Grai

n 

size 

(µm) 

1 30 1650 Single 0.018 21 

2 45 1650 Single 0.027 18.2 

3 30 1200 Single 0.025 16 

4 45 1200 Single 0.037 12.8 

5 30 1650 Double 0.018 14.8 

6 45 1650 Double 0.027 12 

7 30 1200 Double 0.025 11.5 

8 45 1200 Double 0.037 8.5 

Table 8: Microstructure results of Stir Zone 
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As there is small and regular size of grains the properties of 

metals are more efficient and effective. In this case during 

single pass minimum size of 12.8 µm is achieved with 45 mm 

per minute and 1200 rpm while during double pass grain size 

of 8.5µm is achieved with 45 mm per minute and 1200 rpm. 

F. Effect of Tool rotational speed on grain size 

 
Fig. 7: Effect of Tool rotational speed on grain size 

The increse in grain size is derctly depands on tool rotational 

speed. At 1200 rpm grain size is minimum and get incresed 

at 1650 rpm.  

G. Effect of welding speed on grain size 

 
Fig. 8: Effect of welding speed on grain size. 

In this case the grain size is inversely depend on welding 

speed. With increase of welding speed from 30 mm/min to 45 

mm/min grain size also get decrease. The minimum size we 

get 0.8 µm with double pass. 

H. Effect of Weld pitch and Double pass FSW on grain size 

 
Fig. 9: Effect of Weld pitch and Double pass FSW on grain 

size 

I. Effect of FSW Process Parameters on Micro Hardness 

Spec

imen 

no. 

Welding 

Speed 

(mm/min

) 

Tool 

Rotatio

nal  

Speed 

(rpm) 

No. of 

FSW 

passes 

Weld 

pitch 

(ʋ/ ɷ) 

Micro 

hardne

ss (Hv) 

1 30 1650 Single 0.018 45 

2 45 1650 Single 0.027 53 

3 30 1200 Single 0.025 64 

4 45 1200 Single 0.037 69 

5 30 1650 Double 0.018 47.5 

6 45 1650 Double 0.027 54 

7 30 1200 Double 0.025 62 

8 45 1200 Double 0.037 71 

Table 6: Stir Zone Micro hardness results 

During this test at 45mm/min welding speed and 1200 rpm 

we get 69Hv hardness for single pass while during double 

pass maximum hardness of 71Hv is achieved for 45 mm/min 

and 1200 rpm.  

J. Effect of Welding Speed on Micro hardness at SZ of 

welded joint 

 
Fig. 10: Effect of Welding Speed on Micro hardness at SZ 

of welded joint 

Microhardness is directly propational to welding speed. For 

both single and double pass hardness is low at welding speed 

of 30 mm/min and maximum at welding speed of 45 mm per 

mintue. 

K. Effect of Tool Rotational Speed on Micro hardness at SZ. 

 
Fig. 11: Effect of Tool Rotational Speed on Micro hardness 

at SZ. 

At higher tool rotational speed due to irregular heat 

dispersaion microhardness is low. At 1200 rmp 

microhardness is maximum for both single and double pass 

and is minmum at 1650 rpm. 

L. Effect of Weld Pitch and Doule pass FSW on 

Microhardness of SZ 

 
Fig. 12: Effect of Weld Pitch and Doule pass FSW on 

Microhardness of SZ 

Microhardness and welding pitch are co-relted as increase in 

welding pitch microhardness also get increase. For both 
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single and double pass microhardness increase as the result of 

increase of welding pitch. 

IV. CONCLUSION 

Base metal AZ31B-O Mg alloy was found to exhibit the best 

characteristics for Friction Stir Welding. A significantly high 

UTS value of 199 N/mm2 was achieved at high weld pitch of 

0.037 mm/rev with double pass FSW to proper material flow 

because of sufficient heat generation and proper plasticized 

material flow. Hence UTS increase with increase in the value 

of weld pitch. 

UTS increases with increasing welding speed at 

constant tool rotational speed. In this investigation a lower 

value of UTS was observed at 1650 rpm due to formation of 

inclusions due to high rate of stirring action and increase in 

size of TMAZ and HAZ region. Tool material found to 

withstand for metal without tool breakage, and also found that 

this tool material is amenable for friction stir welding with 

different tool profiles.  

Insignificant effect of double pass FSW on the micro 

hardness was observed. But slight increase in micro hardness 

was observed with double pass FSW, due to dynamic re 

crystallization. 

From micro structural analysis it is concluded that 

fine and equated grain structure was observed in SZ due to 

dynamic re crystallization. Grain size decreases with increase 

in weld pitch due to low heat input. Grain size increases with 

increase in welding speed and decrease in tool rotational 

speed due to low heat generation followed by fast cooling 

rate.  
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