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Abstract: An experiment was conducted to weld the AA2014 aluminum alloy plates of 6mm thickness using 
Friction stir welding technique. The machine used for the welding was conventional vertical milling machine. The 
plates were welded using cylindrical tool made up of alloy steel using three different rotational speeds i.e.600, 
900 & 1200 rpm at constant feed rate. Impact strength of the welded joints was calculated using charpy test. 
Joints fabricated at tool rotation of 900 rpm showed better impact strength than the joint welded at tool rotation 
of 600 rpm & 1200 rpm. It shows as the as the tool rotation increases, temperature increases which improves the 
ductility of the material. This leads to improvement of the impact strength because at lower temperature material 
behaves in brittle manner. Very high rotational speeds can cause coarsening of grain structure which decreases 
the impact strength.
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Friction stir welding has many advantages as 
compared to conventional fusion welding techniques. 
There are different mechanical, metallurgical and 
environmental advantages. Improved mechanical 
properties such as tensile strength, hardness etc 
of the welded joints is obtained using this process. 
Structure having low distortion and good stability 
is obtained after welding.

figure1: Schematic representation of fSW technique 
and its microstructure 
a) Base material without any affect 
b) heat affected region also called haZ 
c) Thermomechanically affected region also called 
TmaZ 
d) nugget region

The joints are of high quality which is defect 
free. There is dynamic recrystallization of the grain 

InTRoducTIon1. 

The Friction Stir Welding (FSW) was invented at 
The Welding Institute (TWI) in the 1991[1-2]. This 
process is used to weld aluminium, magnesium, 
titanium, copper alloys [1, 3]. FSW is a process in 
which welding state remains solid. In this process 
a special tool having shoulder and a pin is rotating 
with tilt angle. Tool is inserted between the edges 
of the plates to be joined in such a manner that 
shoulder meets the top surface of the plates. Tool 
moves along the interface with some welding speed 
[3-5]. Friction produced due to movement of shoulder 
and work piece increases the temperature of the 
material which results in heating which causes 
the plastic deformation [6]. On the other hand, pin 
causes the stirring action between the interfaces 
of the two plates and shoulder puts the force like 
forging which formulate the joint. Both the tool 
rotation and welding speed of the tool helps forming 
the joints [7]. Figure 1 explains the working and 
microstructure of FSW technique. The friction of the 
tool with the work piece generate heat which makes 
the material elastic which gets moved from front of 
the tool to the rear side which is further joined by 
the shoulder of the tool to make a weld.
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structure which results in refinement of grains. 
There is less wastage of material, fuel and energy. 
The emission of gases during the welding is negligible 
as compared to other welding processes. Due to all 
these merits of the FSW process, lot of studies and 
experimentation is going to see the influence of the 
welding parameters on the welded joints of similar 
and dissimilar materials.

dIffeRenT paRameTeRS of fSW2. 

Friction stir welding have different parameters 
which can affect the mechanical properties and 
microstructure of the welded joints. Some of 
important welding parameters are given as:

 1. Tool material: Tool material must have 
good shear strength, proper dimensional 
stability, wear resistance and oxidation 
resistance.

 2. Tool shape: FSW tool has shoulder which 
is of concave shape to escape the material. 
It puts downward pressure which forges 
the material. Pin is of cylindrical shape 
which develops stirring and causes the 
plastic deformation. Tilting the tool at 
certain angles helps in better bonding of the 
material to be joined.

 3. Tool rotation & Welding speed: Increasing 
the rotating speed causes the plastic 
deformation of material by increasing the 
temperature. Increasing the tool rotational 
speed after certain level results in coarsening 
of grain structure. Lower feed rates results 
in more heat which helps in easy movement 
of the tool. Very high feed rate can cause 
voids and cracks in the weld due to low 
heat input.

 4. Welding forces: Different types of forces 
act on the tool during welding process due 
to very high temperature and pressure. 
These forces should be kept low as possible 
for better joints.

fSW of alumInIum alloyS3. 

Aluminum alloys are used for making light weight 
structures which have high specific strength that 
is why they are used in aerospace & automobile 
industries. Gas welding techniques are used to 

weld aluminum alloys as they are economical and 
easier to use. But many difficulties are faced while 
welding aluminum alloys using gas welding. There 
is solubility of gases with molten metal, shrinkage 
after solidification, formation of cracks and oxide 
formations due to high temperature. Loss is 
strength takes place due to faster re-solidification 
and formation of large columnar grains due to high 
temperature.

Therefore, review of Friction stir welding 
of different aluminium alloys is carried out. 
The microstructure and mechanical properties 
depends on the welding parameters [8]. There 
is relationship between of hardness & strength 
with the microstructure of different engineering 
materials [9]. Study to find empirical relationship 
between grain size and hardness of nugget region 
of the friction stir welded AA1100 aluminium alloy 
joints [10]. An investigation on the FSW joints of 
AA6061 and found that conical tool produces good 
quality joints[11]. Friction stir welding of AA1050 
under immersed and conventional conditions 
was done to see their effect on microstructure 
and mechanical properties of the joint and found 
improvement in tensile properties under immersed 
conditions [12]. FSW of AL2024 was done at certain 
tool rotation, welding speed and tilt angle to find the 
microstructure and tribological behavior. There was 
improvement of hardness and wear resistance [13].
Friction stir welding of aluminium alloy AA2024 
was done at certain tool rotation and found that 
strength is almost equal to that of base material. 
There was improvement in ductility but decrease in 
percentage elongation [14].Friction stir welding of 
AA7050 aluminum alloys was done in submerged as 
well as in air conditions to find the micro hardness 
and tensile properties [15-17].

So keeping in view the outcomes of different 
studies, the present work tried to find out the 
influence of tool rotation speed on the impact 
strength of the friction stir welded joints of AA2014 
aluminium alloy.

maTeRIalS & meThodS4. 

First of all, AA2014 aluminium alloy plates of 6mm 
thickness were cut as per the required dimensions. 
The elements of the AA2014aluminium alloy with 
their percentages are given in Table 1. The plates 
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were clamped on the vertical milling machine using 
T-bolt clamps. A supporting back plate of flat surface 
is kept below the plates to be welded.

Butt joints were prepared at three different 
tool rotations of 600,900 and 1200rpm using pin 
shape of cylindrical type. The joints were prepared 
when tool pin passes at constant feed rate of 25 
mm/min through the interface of the plates. The 
material of the tool used for welding is alloy steel. 
The dimensions of the tools are given in Table 2. 
An initial depression was given on the plates by 
shoulder for preheating the plates and to generate 
sufficient axial pressure. The various levels of 
welding parameters used to formulate the joints are 
presented in Table 3.The welding fixture used for 
the FSW process is shown in Figure 2. At least three 
joints were prepared at each level of tool rotation 
detail of which is given in Table 4.

Table 1 
aa2014 elements

Elements Percentage

Aluminum 93.00

Silicon 0.705

Copper 3.152

Iron 0.158

Zinc 0.068

Magnesium 0.632

Titanium 0.024

Manganese 0.435

Vanadium 0.002

Table 2 
Tool dimensions

Specifications Values

Length of tool 60 mm

Tool shoulder diameter 20 mm

Pin diameter 6 mm

Pin length 5.8 mm

Table 3 
Welding parameters

Parameters Levels

Tool Rotation 600, 900, 1200rpm

Welding Speed 25 mm/min

Insertion of shoulder on base material 0.1 mm

Impact Strength of all the 9 joints ware calculated 
using charpy test. The standard specimen with 
V notch with dimensions 55mm ¥ 10mm ¥ 10mm

Table 4 
Welded Specimens

S.No. Specimen No. Tool Rotation (RPM) Pin shape

1. J-1 600 Cylindrical

2. J-2 600 Cylindrical

3. J-3 600 Cylindrical

4 J-4 900 Cylindrical

5. J-5 900 Cylindrical

6. J-6 900 Cylindrical

7. J-7 1200 Cylindrical

8. J-8 1200 Cylindrical

9. J-9 1200 Cylindrical

figure 2: Welding fixture used for welding

having a tip radius of 0.25mm with 2mm deep notch 
was prepared out of the base metal plate and welded 
joints which are shown in Figure 3. The amount 
of energy absorbed to fracture the specimens was 
calculated which represents the toughness of the 
test material.

figure 3: dimensions of Specimen used for Impact 
testing

The average results of impact testing of the 
base material and welded specimens at different 
tool rotations are shown in Table 5. Average of the 
impact strength is calculated by using three values 
obtained at particular tool rotation. The variation of 
Impact strength at different tool rotations is shown 
in Graphs.
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graph 1: Variation of Impact strength at different tool 
rotations

Table 5 
Impact Strength of Welded Joints

S. 
No. Specimen Name Tool Pin 

Profile
Avg Impact 

strength (joules)

1. Base material - 07

2. Joints at 600 rpm Cylindrical 03

3. Joints at 900 rpm Cylindrical 06

4 Joints at 1200 rpm Cylindrical 04

dIScuSSIon on ImpacT TeSTIng 5. 
ReSulTS

Effect of tool rotation on the impact strength of 
the FSW joints of AA2014 aluminium alloy was 
calculated. The impact strength of the welded joints 
was obtained by taking the average of three values 
at particular rpm. The impact strength at 600, 900 
and 1200 rpm is 3, 6 and 4 joules respectively. From 
the results, it can be seen that the tool rotational 
speed have significant influence on impact strength 
of the FSW joints. The Impact strength of the base 
metal is 07 joules. The maximum impact strength 
calculated was 06 joules which is obtained at 900 
rpm and the minimum impact strength calculated 
was 03 joules at 600 rpm.

concluSIonS6. 

In this research work, effort has been done to find 
the influence of tool rotation speed on the impact 
strength of the welded joints of AA2014aluminium 
alloy. Following conclusions can be derived from the 
results obtained:

 I. Friction stir welding of AA2014aluminium 
alloy can be prepared using vertical milling 
machine.

 II. There is increase in impact strength with 
increase in tool rotation speed from 600 rpm 
to 900 rpm. Increase in tool speed generates 
more heat which causes refinement of the 
grains which will improve the ductility 
of the material and improves the impact 
strength of the joints.

 III. The impact strength obtained using 900 rpm 
is almost equal to the impact strength of the 
base material.

 IV. There is decrease in impact strength at 
1200 rpm as very high input can cause grain 
growth and coarsening of the grain structure 
which will decrease the impact strength of 
the welded joints.
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