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ABSTRACT

In the joining process Friction stir welding is one of the processes, where the tool is plunged between the alloys
diffuses to plastic state it and makes a bond between the two alloys. It is used for applications where the base
material characteristics need to remain constant after welding. Friction stir welding techniques, currently used in
a wide range of applications such as aerospace, shipbuilding, railway industries and many more. Present study
includes preparation of Al-2%Si alloys using stir casting techniques and machined into plates of
standarddimensions (120 x 60 x 6) mm. Friction stir welding process is carried out of Al-2%Si alloy and with
the addition of yttrium oxide (Y,03) using different process parameter like tool rotational speed,rpm and feed
rate mm/min. Also, the microstructure formation, tensile strength and hardness values for the weld joints are
discussed and compared, for hypo eutectic alloys (Al-2%Si) of the alloy.
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1. INTRODUCTION

Friction Stir Welding (FSW) was invented in 1991 by The Welding Institute [1], United Kingdom.
After that, many numerical/analytical and experimental methods, and finite element methods have been
developed. Aluminium alloys are used as an engineering materials, in extensive ranges of applications due to its
light weight and itsstrength. Commercial by available aluminum has a tensile strength around 90 MPa. In this
present study by using stir casting techniques the mixture of Al-2%Si alloy is prepared [2-3] and increase in the
silicon content leads to higher hardness and impact strength along with weight. The hardness and impact
strength with an increase in weight percentage of silicon increased and proposed for work for the various
engineering applications.Four compositions of Al-Si alloys were studied noticed that enhancement in the wear
characteristics for the addition of 5%SiC with in the alloys. For different process parameters further increase in
the Si content leads to enhancement in the microstructure and joining process [4-5].For variable speeds from
400 to 800 rpm and defects are reduced and for higher rates tunnel and voids are noticed [6],performed a friction
stir processing (FSP) on aluminum alloy 356 plates to improve the mechanical properties and alteration of
microstructure [7].By introducing tracer material by varying process parameter rotating speed and welding
speed to investigate the material radiographic and metallographic properties[8].friction stir welding of Al-30Si
alloy is carried out and investigated the corrosion property for single pass and it will get reduced for[9]
multiple passes. The current investigation includes that Friction stir welding of Al-2%Si alloy is carried out for
three process parameter tool rotational speed 600 rpm,900rpm and 1200rpm and feed rate
50mm/min,100mm/min &150mm/min, with tapered tool is 6mm to 4mm is used and same is comparing the
same with the addition of yttrium oxide . This paper gives Comparative study between with and without addition
of yttrium oxide and mechanical characterization like appearance study, plunging depth, microstructure |,
hardness and tensile strength.

Table:1 Chemical Composition of Al-Si alloy

W1t% Composition
Al alloys

Si Mg Fe Zn Mn Cu Al

Al-2%Si 2 0.2 - 0.2 1.0 0.24 Balance
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2. EXPERIMENTAL WORK
The material used in the current research consists of Al-alloys, It consists 2%Si rest pure aluminum
balance is shown in Table 1. The Al matrix was reinforced with Si particle with varying percentage further
composite were cast using Muffle stir casting process as it ensure uniform distribution of the reinforcement and
further casted plates are prepared of the required dimensions (120 x 60 x 6) mm.

Fig 1 5-Axis Friction Stir Welding Machine (Courtesy 11SC Bangalore)

Fig.1 Friction stir welding is carried out using 5-Axis Friction Stir welding Machine having rigid
stiffness, with accurate measuring loading frame of 5 axis movements used for the process, (X- Horizontal-
Transverse, Z-Vertical and R, —Rotation left, Rgx —Rotation right) There is independently controlled servo-
actuators having an advanced features of controller for movement of each axis. These systems are generally
used for welding aluminum sheets and other alloys. Vertical load capacity is 50 kN with maximum rotational
speed 3000 rpm , 500 mm stroke length in X and Y axis, Wide range of options, straight, 3D ,contour, profile
welding, etc., Testing & calibration, Tilt angle 2 deg . Different process parameters like tool rotational speed
and feed rate are mentioned below table 2. To perform welding process High Density Tool is used of taper 6
mm to 4mm with 5.2 mm depth. Surface roughness tester is used to measure the surface roughness number. It
has a probe moving on the weld surface for certain distance, and three trials roughness measurement are
recorded and shown in fig 2.

Fig 2. Measurement of surface roughness of Friction welded joint with the SJ-210
The Brinnel hardness Testing machine is shown for measuring weld hardness in Fig 3. The Venus make having
loading capacity up to 250kgf. A 10mm diameter steel ball indenter is used to measure the weld surface.

Figure 3 Brinnel Hardness Test Equipment
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Table 2 Tool rotational speed in Rpm and Feed rate in mm/min

Alloys Tool R(_)tational Speed Force in KN Feed rate
i Rem (mm/min)
600 30 50
Al-2Si 900 75 100
1200 20 15

3. RESULTS AND DISCUSSIONS

3.1Surface Appearance Test
The increases in the silicon content of the alloy strongly affect the metal flow and in turn the desired

mechanical properties. For the FSW process of Al-2Si alloy, the metal undergoes a severe plastic deformation at
the nugget zone.

Al-2%Si Al-2%Si with yttrium oxide , (Y,0s3)

Tool ™ Rofational Feed rate (mm/min)

Tool Rotational Feed rate (mm/min)
Speed (REM)

Speed (RPM) 100 150

600 600

900 X 900

1200 1200

Fig 4 Surface Appearance Test

Surface appearance test is shown in fig 4, Al-2%Si alloy shows severe plastic deformation because of
its softness and due to lower speed and feed rate high contact time taken place between tool shoulders and the
work piece and accumulation of lump of aluminum on the Retracting side of the weld joint. Further increase in
the tool rotational speed and feed rate there is discontinues chips are occurs at the walls of the weld joint.
Addition of yttrium oxide increases the mixing of the alloy and proper mixing of the alloy taken place and

makes harder the weld surface.

Table 3 Characteristics of yttrium oxide (Y,053)

Molar mass 225.81 g/mol
Melting point: 2,425 °C

Boiling point: 4,300 °C
Appearance: White solid
Thermal conductivity 27 W/(m-K)



https://www.google.co.in/search?biw=1242&bih=602&q=yttriumiii+oxide+molar+mass&stick=H4sIAAAAAAAAAOPgE-LUz9U3MLMwMTXU0spOttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxy83MSixRyE4uLAWkmNO05AAAA&sa=X&sqi=2&ved=0ahUKEwj4w_H40P3SAhUH02MKHSNYAm0Q6BMIiQEoADAT
https://www.google.co.in/search?biw=1242&bih=602&q=yttriumiii+oxide+melting+point&stick=H4sIAAAAAAAAAOPgE-LUz9U3MLMwMTXU0s1OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxyU3NKMvPSFQryM_NKABQjGRE8AAAA&sa=X&sqi=2&ved=0ahUKEwj4w_H40P3SAhUH02MKHSNYAm0Q6BMIjAEoADAU
https://www.google.co.in/search?biw=1242&bih=602&q=yttriumiii+oxide+boiling+point&stick=H4sIAAAAAAAAAOPgE-LUz9U3MLMwMTXU0s1OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqyS8jNzMvPSFQryM_NKAB5zcJk8AAAA&sa=X&sqi=2&ved=0ahUKEwj4w_H40P3SAhUH02MKHSNYAm0Q6BMIlQEoADAX
https://www.google.co.in/search?biw=1242&bih=602&q=yttriumiii+oxide+appearance&stick=H4sIAAAAAAAAAOPgE-LUz9U3MLMwMTXU0skot9JPzs_JSU0uyczP00_OSM3NTE7MiU_Ozy3IL81LKbZKLChITSxKzEtOBQAvQBRzOwAAAA&sa=X&sqi=2&ved=0ahUKEwj4w_H40P3SAhUH02MKHSNYAm0Q6BMImAEoADAY
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3.2 Plunging Depth

From the earlier explanation, there is a severe deformation happening during the joining of Al-2Si
alloys. The tool easily plunges the alloy, overcoming friction and thrust force. Here, the plunging depth of
5.02mm is noted for the tool rotational speed of 600rpm and feed rate 50mm/min and further increase in
rotational speed due to less contact between the tool shoulder and surface of the plate 4.6 mm to 4.85 mm
plunging depth is recorded. In addition of the yttrium oxide plunging is very difficult and due to improper
stirring very mere plunging depth is observed.

Flunging Depth v/sTool Rotational speed
N A
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45

45
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Tool rotationalSpesdin rpm

Fig 5 Plunging Depth v/s Spindle speed, Rpm and Feed rate in mm/min

3.3 Surface Roughness

The surface roughness of the weld surface helps us in understanding the diffusion process during weld
joining. Severe deformation alloys, when they move on the weld surface are smoothly rolled by the tool
shoulder, thereby forming a smooth surface finish. In case of joining hypo eutectic alloys, smoother surface
finishes are seen on the weld surface in Figure 6. During the low tool rotation (600rpm), the alloy has reaches
the plastic state and thereby forms a huge flash on the retarding side of the weld joint. The flash in the semi-
solid state coming out from the retarding side are smoothly rolled over the weld region and forms a smooth weld
surface. On further increase in the welding speed, with the less contact time between tool and work piece, a
smaller amount of flash near the weld joint is created. The roughness onthe weld surface gradually increases in
these processes. At optimum process parameters, smoother roughness with 4.65mm plunging depth are reached
which indicates that a proper mixingbetween the alloys duringthe process. Further increase in the feed rate, the
plunging depth reduces and more amount of flash is observed near the weld joint. When the rotation speed is
increased to 900 rpm and feed rate (50, 100 &150mm/min), the plunging depthreduces and rough surfaces of (6-
8R,) to (12-18R,) are formed. The same rough surface and poor weld joint are formed with further increase in
the tool rotation speed to 1200rpm.
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Fig 6 Surface Roughness v/s Spindle speed and Feed Rate

From Fig 4 addition of yttrium oxide makes more harder surface it leads to high surface number
compare to Al-2%Si alloys higher the surface roughness number may leads to poor weld joint.
3.4 Brinnel hardness test

In Hypo eutectic alloys, during the lower process parameters, the alloy undergoes severe deformation
during the process. The tool reaches near to the bottom surface of the alloy during the plunging action of the
tool. The proper grinding of the alloys takes place below the tool pin and the increase in the hardness value
nearly 4.6% is recorded in the nugget zone.

Table 4 Brinnel Hardness value Al-2Si alloy for both Top and Bottom Surface for 600rpm with variable

feed rate
Tool
Rotational 50| 40 | 30 | 20| 0| o | 10 | 20 | 30 40 | s0
speed /Feed
rate
14 | 14207 | 14207 15 18 [172] 18 15 | 14207 | 14207 | 14.1
600/50 Top 14 | 14207 | 1547 | 17 | 1865| 19 | 18.7 | 165 | 155 | 14207 | 14.1
Surface
600/100 14 | 144 15 | 1667 | 17.7 | 18 | 1775 | 1665| 15 144 | 141
600/150 142 141 14 15 | 1638 19 | 1599 15 14 | 14207 | 141
14 | 14207 | 175 18 [ 185 | 19 | 18.7 | 18 17 | 14207 | 141
Bottom
Surface
14 | 14207 | 168 | 17 |17.75| 18 | 17.75| 165 | 163 | 14407 | 14.1
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In Table 5 There was a significant improvement in the hardness value, when compared with the
specimen processed without the addition of Yttrium powder. The hardness value was found to be in the range 65
to 87BHN, which was a considerable improvement in its value by the addition of yttrium powder. Here, the
dynamic movement of the diffused layer will impede the free dislocation movement and thus enhances the heat
flow and improve the hardness in the weld region.

Table 5 Brinnel Hardness value Al-2Si with addition of yttrium oxide (Y,05) at nugget zone

Sl.no | Tool speed/Feed rate, rpm & mm/min BHN
1 | 600/50 64.97
2 600/100 64.97
3 600/150 75
4 900/50 71.3
5 900/100 75
6 | 900/150 64.97
7 | 1200/50 64.97
8 | 1200/100 87
9 | 1200/150 75

3.5 Tensile Strength

From the earlier Appearance test, surface roughness test and plunging depth study Al-2%si alloys
shows more tensile strength of 114 MPa to 117MPa because higher tool rotational speed with lower feed rate
uniform mixing of the alloy will be taken place and achieved more tensile test that mentioned below but in
addition of yttrium oxide if we take Comparision with the hardness value it shows 65% enhancement in the
tensile strength for variable process parameters mentioned in fig 7, so detailed study is necessary.

Tensile strenght v/s spindle speed and Feed rate
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Fig 7 Tensile strength v/s Spindle speed in RPM & Feed Rate for both Al-2%Si alloy and with the
addition of yttrium oxide (Y,05)
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3.6 Microstructure

3.6.1 Al-2%Si alloy

The formation of microstructure during the welding process of Al 2%Si alloys are shown in Figure.
8(a-J). The welding processes are carried out for the three tool rotations (600,900 and 1200 rpm) and three tool
feed rates (50,100 and 150mm/min). the formation of microstructure on the top portion of the nugget zone
(TOP), bottom portion of the nugget zone (BOTTOM), advancement of the tool region (AS) and retarding side
of the weld region (RS). It is found that the alloy deformation has a strong influence in the microstructure
formation in the weld region.

&
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RS TOP BOTTOM AS

a b d
U2 procass (60Upm- 100 mm'min)

2 f g h
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Fig 8 (a-J) Microstructure for Al-2Si alloys at different locations

Overall, at a lower tool rotational (600 rpm), there is a severe plastic deformation in the alloy forming
fine structures in the advancing and retarding side of the weld portion. The dendrite type structures are noticed
on the top surface of the weld due to improper spreading of the alloy on the weld surface. A mere increase in
hardness value are found out for increase in tool feed rate, say 150mm/min, there is no much deformation of the
alloy, since the plunging tool did not penetrate properly. The reduction in the breakage of silicon particle and
less deformation are occurred finally. The increase in the tool rotation makes deformation on the advancing side
and moves around the tool circumference. There is difficulty in penetrating diffused alloy on the retracting side
and hence accumulates heat in this region. This creates dendrites structure on the retarding side of the zone.
Small dendrites are also seen in the top weld zone, which may be due to the accumulation of heat, but reduces,
with the increase in the tool rotational speed.

3.6.2 Al-2%Si alloy with addition of yttrium oxide (Y,05)

The microstructure formations in the weld joint are shown in figure 9(a-A). During the lower process
parameters (600rpm; 50mm/min), a severe deformation of the alloy was found in the earlier process. This severe
deformation was reduced by the addition of yttrium. The ability of the diffused alloy in circulating the tool
circumference was improved and the lump formation was reduced. The dislocation line which was noticed in the
earlier process is reduced here.

Earlier, with the increase in the tool rotation and feed rate, there was not much deformation of the
alloys, without the addition of agent during the welding process. There seems some difficulty with the addition
of yttrium, where small pores are observed for all the processes. The dislocation lines are not seen much in these
processes.
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Fig 9 Al-2%Si with addition of the yttrium oxide (Y,05)
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4. CONCLUSIONS
Friction stir welded joints of Al-2%Si alloy and with addition of yttrium oxide (Y,03) were fabricated

and Mechanical characterization like tensile strength, hardness test and microstructure were studied and
following conclusions are mentioned below.

[1].

2.
[3].

FSW s carried out for three different process parameter like tool rotational speed and feed rate. Al-
2%Si alloys shows better appearance, plunging depth and surface roughness value compared with the
addition of the yttrium oxide(Y,03).

Compared to Al-2%Si alloys shows better hardness value and Tensile strength shows in addition of
yttrium oxide(Y,03) needed further investigations.

For lesser feed and speed, Al-2%Si shows uniform mixing at the nugget zone and it shows fine
particles with sound weld joint but in addition of yttrium oxide most porous particles are observed need
to be investigated further.
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