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ABSTRACT
This study attempts to incorporate SiC and Al2O3 particles in the weld zone during friction stir welding of
Aluminium alloy 6061. SiC and Al2O3 Particles were added during welding at the weld zone through a special
arrangement, and thus joined Aluminium alloy 6061 plates of 4 mm at 1120 RPM speed and 40 mm/min feed
were evaluated for their mechanical properties under different proportions i.e. 10%, 15%, 20%, 25% by volume
individually. The results of the study reveal that the mechanical properties of the SiC particulates and Al 2O3
particles added Aluminium alloy 6061 welded joints are superior in both compared to their friction stir welded
Aluminium alloy 6061 joints without reinforced particulates. The Silicon carbide particles added welded joints
are superior compare to Alluminium oxide added welded joints of Aluminium alloy 6061.

Keywords: FSW, Welding Speed, Axial Force, Mechanical Properties.Al2O3, SiC particulates,
flourecent testing radiography testing

I. INTRODUCTION OF FSW:Friction stir welding (FSW), a solid state joining technique invented in 1991 by The Welding Institute (TWI)
and is one of the most significant developments in joining technology over the last half century. FSW involves
the joining of metals without fusion or filler materials and is derived from conventional friction welding.

II. STEPS OF FSW PROCESS
The process for the tool and the plate, typical steps of the process:
(i)

downward motion to penetrate the material;

(ii)

penetrating the material
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III. FSW PROCESS PARAMETERS
A detailed list of Process parameters controlling this joining process is given in [3] as follows:
1) Rotational speed (rpm)
2) Welding speed (mm/s)
3) Axial force (KN)
4) Tool geometry
i) Pin length (mm)
ii) Tool shoulder diameter, D (mm)
iii) Pin diameter, d (mm)
iv) Tool tilt angle (◦)
v) D/d ratio of the tool
As in fusion welding, the feed rate is an important part of the process. When discussing the feed rate, it is
common to use the term “welding speed” or “traverse rate” to describe the translational speed of the tool. The
term “Tool Rotation Speed” is used to classify the angular velocity (typically in rpm) of the tool.

3.1 Function of Tool
The friction stirring tool consists of a pin, or probe, and a shoulder. Contact of the pin with the work piece
creates frictional and deformational heating and softens the work piece material; contacting the shoulder to the
work piece increases the work piece heating, expands the zone of softened material, and constrains the deformed
material.

3.2 Design of Tool Shoulders
Tool shoulders are designed to produce heat to the surface and subsurface regions of the work piece. The
tool shoulder produces a majority of the deformational and frictional heating in thin sheet, while the pin
produces a majority of the heating in thick work pieces.

3.3 Design of Tool Pins
Friction stirring pins produce deformational and frictional heating to the joint surfaces. The pin is designed
to disrupt the faying, or contacting surfaces of the work piece, shear material in front of the tool, and move
material behind the tool. In addition, the depth of deformation and tool travel speed are governed by the pin
design. Commonly used pin designs are as follows:
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3.4 Weld Microstructures

Fig.1. 8 Different microstructural regions in a transverse cross section of FSW [Diogo Mariano
Neto, Pedro Neto, Guerdoux S]
The heat and deformation generated during FSW produce four micro-structurally distinct regions across the
weld. They are the heat affected zone (HAZ), thermo mechanically affected zone (TMAZ), dynamically re
crystallized zone (DXZ) or weld nugget, and the unaffected material. [8] The HAZ is the outermost portion of
the weld which is modified by the thermal field of the welding process but does not experience any deformation.

IV. CASE STUDIES: EFFECT OF VARIOUS WELDING PARAMETERS ON FSW
Sr.
No.

Author (Year)

Substrate

Parameters

Material

selected for

Conclusion

study
square pin profiled tool produced defect free FSP
region, irrespective of welding speeds.
the joints fabricated at a welding speed of 0.76mm/s
1

Elangovan K. ,

AA2219

Tool pin

showed superior tensile properties, irrespective of tool

Balasubramanian

aluminium

profile and

pin profiles. The joint fabricated using square pin

V. , (2008)

alloy

welding speed

profiled tool at a welding speed 0.76mm/s exhibited
maximum tensile strength, higher hardness and finer
grains in the FSP region.

2

AA6061

Lower

The lower transverse speed and rotation speed, which

aluminum

transverse

are the significant FSW process parameters, yield a

Chen Thaiping,

alloy and

speed and

higher C-notch Charpy impact value.

(2009)

SS400 low-

rotation speed

carbon
steel
-The effect of tool pin profile and welding speed on the

3

Welding speed

appearance of the weld is presented and no obvious

Patil H. S. ,

AA6082-O

and tool pin

defect was found.

Soman S. N. ,

aluminium

profiles

- It is found that the joint fabricated using taper screw

(2010)

thread pin exhibits superior tensile properties compared
tri -flute pin profile, irrespective of welding speed.
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A three-dimensional heat transfer and visco-plastic

4

Arora A. & Mehta

L80 steel

Load bearing

model is used to compute the influence of pin length and

M. & De A. &

and

capacity of

diameter on traverse force during FSW. The total

DebRoy T. ,

AA7075

tool pin

traverse force increases

(2009)

alloy

significantly with increase in pin length
Using high-speed steel (HSS) tool for FSW of titanium
will result in complete failure of the pin and severe wear

Reshad K.,

5

Tool Material,

of the shoulder nose because of heat generation from

Seighalani, M.K.

Pure

Geometry, and

friction between the tool and the base metal.

Givi Besharati,

Titanium

Tilt Angle

Using brittle WC as a pin material for FSW of the Ti-CP

Nasiri A.M., and

and because of high wear and stress concentrations

Bahemmat P. ,

developing on the root of the pins threads Macro

(2009)

structural analysis of the welded joints shows that
-Increasing tool rotation for a fixed tool pin diameter
reduces fatigue strength of joints.

6

– Increasing tool pin diameter for a fixed tool rotation,

Kulekci Mustafa

AA 5754

Kemal & Şik

aluminium

Tool rotation

decreases fatigue strength of joints.

Aydin & Kaluç

alloy plates

and pin

– In FSW lap joints, an optimization between tool pin

diameter

diameter, tool rotation and tool traverse speed is needed

Erdinç, (2008)

to obtain better fatigue strength.
In order to determine the optimum tool geometry, the
two components of the torque are used for various
shoulder diameters. As the shoulder diameter increases,
the sticking torque, MT, increases, reaches a maximum
and then decreases. This behavior can be examined,
7

Arora A., Deb A.

AA6061

Tool shoulder

which shows that two main factors affect the value of

and DebRoy T..

aluminum

diameter

the sticking torque. First, the strength of the material is

(2011)

Alloys

decreases with increasing temperature due to an increase
in the shoulder diameter. Second, the area over which
the torque is applied increases with shoulder diameter.

8

Cao X., Jahazi

AZ31B-

Tool rotational

Tensile shear load initially increases with increasing tool

M.. (2011)

H24

speed and

rotational speed but decreases with further increase.

magnesium

probe length

Shear strength increases with increasing probe length

alloy

and penetration depth in to the bottom sheet
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V. EXPERIMENTATION
5.1 Preparation of Specimen:This project involves the experimental study on Friction Stir welding of Aluminium Alloy 6061 plates of 4 mm
thickness and adding Reinforced particulates such as SiC and Al2O3 at weld interface by crating separate
geometry.
The plates were machined to required dimensions of 200 mm X 100 mm X 4 mm on shearing machine. The
Geometry which was used to fill reinforced particulates was prepared according to considered dimensions as
show in figure on Vertical Milling Machine.

Figure 3.1: Aluminium Alloy 6061 Work pieces
5.1.1 Material Used:5.1.1.1 Aluminium Alloy 6061
5.1.1.2 Chemical Composition:-

Table:-5.1Chemical Composition Aluminium Alloy 6061
Element
Weight
(%)

Mg

Si

Fe

Cu

0.9

0.62

0.33

0.28

Cr
0.17

Mn

Zn

Ti

Al

0.06

0.02

0.02

balance

5.2 Friction Stir Welding Tool Material and Geometry:
5.2.1H13 Tool Steel
TOOL Shoulder Diameter (D) -18 mm
Tool Pin Type- Conical Taper
Tool Pin Length- 3.5 mm
Pin base Diameter-7 mm
Pin point Diameter (d) - 5 mm
D/d Ratio- 3.6 mm
Tilt Angle: - 00
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3.2.2Chemical Composition of Tool Material:
Table:-3.2Chemical Composition of Tool H13
Element

C

Mn

Cr

Mo

V

Weight (%)

0.40

0.35

5.20

1.30

0.95

Si

Fe

1.0

Reminder

5.3Friction Stir Welding Tool:-

Figure:-5.2Tool Used In FSW
5.3.1Process Parameters:Rotational Speed

1120 R.P.M

Transverse Speed (Feed)

40 mm/min

Axial Force

5 KN

5.3.2Reinforced Particulates Used:Silicon Carbide Powder (Sic)

Aluminium Oxide (Al2O3)

5.4 Experimental Procedure:
The material used for butt joints were 4mm thickness Aluminium Alloy 6061 plate. The plates were machined
to required dimensions of 200 mm X 100 mm X 4 mm. The plates were machined to get the desired geometry to
fill the reinforced particles. Before welding the plates were cleaned chemically by ethanol to remove surface
contaminations. Commercially available Al2O3 powder and Sic with sizes 99.9% pure was used. Before the
FSW was carried out The Al2O3 powder and Sic powder was filled into a groove. Before welding H13 tool steel
tool without pin was processed over the surface of plates to close the groove. Another tool with pin was used for
welding Aluminium Alloy 6061 having the shoulder diameter of 18 mm. The tool had a pin height of 3.5 mm
and a 5 mm pin diameter and taper profile. The vertical milling machine of HMT FM-2 and capacity of 10 H.P,
3000 R.P.M has been used to perform the welding process. The work pieces clamped to the fixture and the tool
is placed in the tool holder by using collect of 25mm diameter. The first four welding has been done on the work
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pieces of Aluminium alloy 6061 and Sic reinforced particulates with 10%, 15%, 20%, 25% by volume at
rotational speed of 1120 R.P.M and feed of 40 mm/min and Second Four Welding has been done on the work
pieces of aluminium alloy 6061and Al2O3

particulates with 10%, 15%, 20%, 25% by volume at rotational

speed of 1120 R.P.M and feed of 40 mm/min. After welding, the specimens were tested by NDT test such as
Radiography and fluorescent penetrate test to know the internal flaws and surface flaws respectively. Samples
were prepared by using wire EDM to test the mechanical properties such as Ultimate tensile strength, yield
strength, impact strength and hardness.
5.5Input Data:Material:

Aluminium Alloy 6061

Thickness of Specimen

4 mm

Length of Specimen

200 mm each

Width

100 mm each

of Specimen

Rotational Speed

1120 R.P.M

Feed

40 mm/min

Reinforced Particulates

Silicon Carbide (Sic)
Aluminum Oxide (Al2O3)

5.6Base Metal Mechanical Properties:-

Table:-5.3Base Metal Mechanical Properties
Ultimate Tensile Strength

Hardness

Impact Strength

225

75

118

5.7Percentage of Reinforced Particulates at Weld Interface:-

Table:-5.4Percentage of Reinforced Particulates at Weld Interface
SNO.

SPEED

FEED

SiC

Al2O3

(R.P.M)

(mm/min)

(% by Volume)

(% by volume)

1

1120

40

10%

10%

2

1120

40

15%

15%

3

1120

40

20%

20%

4

1120

40

25%

25%

5.8 Friction Stir Welded Specimens with Silicon Carbide at weld interface:-
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Figure:-5.3 Work Pieces of FSW Silicon Carbide Used As Reinforced Material
5.9 Friction Stir Welded Specimens with Aluminium Oxide at weld interface:-

Figure:-5.4 Work Pieces of FSW Alluminium Oxide Used As Reinforced Material
5.10 NDT Conducted
5.10.1Radiography test (X-Ray Test)
Radiography Testing:In Radiography Testing the test-part is placed between the radiation source and film (or detector). The material
density and thickness differences of the test-part will attenuate (i.e. reduce) the penetrating radiation through
interaction processes involving scattering and/or absorption. The differences in absorption are then recorded on
film(s) or through an electronic means. In industrial radiography there are several imaging methods available,
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techniques to display the final image, i.e. Film Radiography, Real Time Radiography (RTR), Computed
Tomography (CT), Digital Radiography (DR), and Computed Radiography (CR).

Figure:-5.5 Radiography testing machine

Figure: - 5.6 Flourecent Testing Specimen

Figure: -5.7 Flourecent Testing Of Work Pieces
VI. RESULTS AND DISCUSSIONS
6.1Test Results of FSW Joint with Silicon Carbide as Reinforced Particulates
Table:-6.1Test Results of FSW Joint with Silicon Carbide as Reinforced Particulates

Runs

Speed

Feed

SiC (% by

Ultimate

RPM

MM/MIN

volume)

Tensile

Impact
Hardness

strength

strength
J

MPA
1

1120

40

10%

245

85

95

2

1120

40

15%

260

95

110

3

1120

40

20%

240

100

80

4

1120

40

25%

230

105

70

165 | P a g e

6.2Test Results of FSW Joint with Aluminium Oxide as Reinforced Particulates
Table:-6.2Test Results of FSW Joint with Aluminium Oxide as Reinforced Particulates
Runs

Speed

Feed

Al2O3

Ultimate Tensile

RPM

mm/min

(% by volume)

strength

Impact strength
Hardness

J

MPA
1

1120

40

10%

230

70

90

2

1120

40

15%

232

72

105

3

1120

40

20%

238

85

110

4

1120

40

25%

230

85

95

6.3Test Results of FSW Joint without Reinforced Particulates
Table:6.3 Test Results of FSW Joint without Reinforced Particulates
SNO

Ultimate Tensile Strength

Hardness

Impact Strength

MPA
1

200

J
65

65

VII. CONCLUSION
Friction stir welding of aluminium alloy 6061 plates of 4 mm thickness was conducted at 1120 RPM rotational
speed and 40 mm/min transverse speed. Silicon carbide and Aluminium oxide was added as reinforced particles
at weld interface by volume proportion of 10%, 15%, 20% and 25% respectively.
It was observed that the Mechanical properties were enhanced by adding silicon carbide and aluminium oxide at
weld interface. Silicon carbide was more effective than aluminium oxide as reinforced particles at weld interface
in enhancing the mechanical properties such as ultimate tensile strength and hardness and Impact strength.
It was observed that friction stir welded joint of aluminium alloy 6061 mechanical properties were decreased
than base metal, but when the reinforced particles were added at weld interface friction stir welded joint
mechanical properties were increased than base metal.
Maximum tensile strength was obtained at 15% of silicon carbide and 20% of Aluminium oxide individually.
Maximum Hardness was obtained at 25% of silicon carbide and aluminium oxide individually. Maximum
impact strength was obtained at 15% of silicon carbide and 20% of aluminium oxide individually.
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