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ABSTRACT:

Friction Stir Welding (FSW) is a solid state
welding process used for welding similar and
dissimilar materials. The process is widely used
because it produces sound welds and does not have
common problems such as solidification and
liquefaction cracking associated with the fusion
welding techniques. The FSW of Aluminum 5086
and its alloys has been commercialized and recent
interest is focused on joining dissimilar materials.
However, in order to commercialize the process,
research studies are required to characterize and
establish process windows. In particular, FSW has
inspired researchers to attempt joining dissimilar
materials such as Aluminum 5086 which differ in
properties and sound welds with none or limited
intermetallic compounds has been produced. In this
paper, we review the current research state of FSW
between Aluminum 5086 with a focus on the
resulting weld microstructure, mechanical testing and
the tools employed to produce the welds and also an
insight into future research in this field of study. In
this project we planning to maintain the Rotational
speed (rpm) 850 to 1300 Welding speed (mm/min)
7.0 to 7.5. This process of friction stir welding is used
in NASA for joining of two different or same kinds
of materials.

1.1 INTRODUCTION TO FRICTION STIR
WELDING

FRICTION STIR WELDING (FSW) was invented
at The Welding Institute (TWI) of UK in 1991 as a
solid–state joining technique, and was initially
applied to aluminum alloys. In essence, FSW is very
simple, although a brief consideration of the process
reveals many subtleties. A rotating tool is pressed
against the surface of two abutting or overlapping
plates. The side of the weld for which the rotating
tool moves in the same direction as the traversing

direction, is commonly known as the advancing side
and the other side, where tool rotation opposes the
traversing direction, is known as the retreating side.
An important feature of the tool is a probe (pin)
which protrudes from the base of the tool (the
shoulder), and is of a length only marginally less than
the thickness of the plate. Frictional heat is generated,
principally due to the high normal pressure and
shearing action of the shoulder. Friction stir welding
can be thought of as a process of constrained
extrusion under the action of the tool. The frictional
heating causes a softened zone of material to form
around the probe. This softened material cannot
escape as it is constrained by the tool shoulder. As
the tool is traversed along the joint line, material is
swept around the tool probe between the retreating
side of the tool (where the local motion due to
rotation opposes the forward motion) and the
surrounding undeformed material. The extruded
material is deposited to form a solid phase joint
behind the tool. The process is by definition
asymmetrical, as most of the deformed material is
extruded past the retreating side of the tool.

1.2 DEFINITION

Friction Stir Welding is considered to be the
most significant development in metal joining in a
decade. In Friction Stir Welding no cover gas or flux
is used, thereby making the process environmentally
friendly, energy efficiency and versatility or it is a
„green technology‟. The joining does not involve any
use of filler metal and therefore any aluminum alloy
can be joined without concern for the compatibility
of composition, which is an issue in fusion welding.
In FSW no cover gas or flux is used, and does not
involve any use of filler metal so that the properties
of the joints are improve compare to the parent metal.
Friction stir welding can be applied to various types
of joints like butt joints, lap joints, T butt joints, pipes
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and fillet joints with different thickness and different
profile.

FSW technique was initially developed for Al-alloys,
it also has great potential for welding of Mg-, Cu-,
Ti-, Al- alloy matrix composites, lead, some steels,
stainless steels, and different material combinations,
particularly those with close melting temperatures
and similar behaviour such as hot workability.
However, cost effective stirring tools are needed for
welding some of these materials such as metal matrix
composites and those with high melting temperatures,
i.e. steels and titanium alloys. In this process, a
specially consider important parameters, tool
material, tool design, tool rotation, downward force
and weld speed along the joint line, generating
frictional heating that softens a material underneath
the tool. The softened material flows around the tool
through extensive plastic deformation and is
consolidated behind the tool to form a solid-state
continuous joint.

The plates are positioned in the fixture, which is
prepared for fabricating FSW joints by using
mechanical clamps so that the plate will not be

separated during welding illustrated. The tool is fixed
in the tool holder of the milling machine and the
milling head is tilted with a rake angle of 00 to 30 to
the vertical axis. The tool speed can be selected in the
range between 710 to 1800 rpm based on the plate
material and it thickness to be welded. Tool is
lowered while in rotation and plunged in to the plates
when the shoulder touches the plate, heat is generated.
After a few second, table movement is given and it
can be varied from 16 to 800 mm/min. This paper
design of two newly developed tools which were
used in the present work is illustrated in Figure. It
should be noted that, in each design shape and size is
same and having shoulder under surface is flat
surface. The shoulder diameter is 18mm. The
shoulder area in contact with work piece surface is
same in all two cases. Two same shapes of the pin
which were used flat shoulder profile with threaded
pin. It should be noted that length of the pin is
different in each case while surface area of the pin in
contact with abutting base metal plates are different
& depends upon pin length. For welding purpose
Universal Milling Machine is used. Trial runs were
conducted prior to conducting actual experiments.
Other process parameter like mechanical
performance of the welding, tensile strength is
measured and the calculated value compared with the
base material.

2.1 METHODOLOGY OF FSW PROCESS

In this process, a cylindrical-shouldered tool
with a profiled threaded/unthreaded pin is rotated at a
constant speed and fed at a constant traverse rate into
the joint line between two pieces of plate material,
which are butted together. The parts to be clamped
rigidly onto a backing bar in a manner that prevents
the abutting joint faces from being forced apart. The
length of the pin is slightly less than the weld depth
required and the tool shoulder should be in intimate
contact with the work piece surface. The pin is then
moved against the work piece or vice-versa.
Frictional heat is generated between the wear
resistant welding tool shoulder and pin, and the
material of the work pieces. This heat along with the
heat generated by the mechanical mixing process and
the adiabatic heat with in the material, cause the
stirred materials to soften without reaching the
melting point. As the pin is moved in the direction of
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welding the leading face of the pin, assisted by a
special pin profile, forces plasticized material to the
back of the pin whilst applying a substantial forging
force to consolidate the weld metal. The welding of
the material is facilitated by severe plastic
deformation in the solid state involving dynamic
recrystallization of the base material. The welded
joints will be sliced using power hacksaw and then
machined to required dimensions, American Society
for Testing of Materials (ASTM E8M-04) guidelines
should be followed for preparing the test specimens.

2.2PROCESS PARAMETERS

FSW involves intricate material movement and
plastic deformation. The tool geometry and welding
parameters exert a significant effect on the
microstructural evolution of the material.

. Table I presents a brief summary of the grain size
values for different aluminum alloys.

FRICTION STIR WELDING PROCESS

FLOW MECHANISMS AND TOOL
DESIGN

The metal flow and heat generation in
the softened material around the tool are
fundamental to the friction stir process.
Material deformation generates and
redistributes heat, producing the temperature
field in the weld. But since the material flow
stress is temperature and strain rate sensitive,
the distribution of heat is itself governed by the
deformation and temperature fields. In fact
their control lies at the core of almost all
aspects of FSW, for example, the optimisation
of process speeds and machine loading, the
avoidance of macroscopic defects, the
evolution of the microstructure, and the
resulting weld properties.

As noted above, almost all the material
in the weld is extruded between the rotating pin
on the retreating side and the surrounding
material which is too cold and too lightly
stressed to deform (see Fig.1). In its simplest
form, this essential flow mechanism can be
illustrated by two-dimensional simulations
depicting streamlines round a rotating tool
placed in a steady flow of material. Figure 3a

shows streamlines past a cylindrical tool,
redicted by computational fluid dynamics
(CFD). A longitudinal weld seam is formed
behind the advancing edge of the tool where the
two flows come together.

Further modelling studies have
investigated how this two-dimensional flow is
perturbed by: the addition of tool features such
as flats and flutes changes in the contact
conditions between tool and workpiece, from
sticking friction to slipping at a lower
interfacial shear stress.

Predicted streamlines round a fluted
tool are shown in b and c. Complete sticking
generates a dead metal zone round the tool,
whereas the flow interacts closely with the tool
features when slipping takes place. Another
characteristic of the process - a line initially
perpendicular to the welding direction is swept
into a backwards 'bulge' in the wake of the tool
- can also be seen in Fig.3b and c. Marker
experiments have confirmed this behaviour.
One way of quantifying the mixing effect of the
tool is the ratio of the swept volume to the pin
volume. For 25mm thick plates this has found
to be 1⋅1 : 1 for a cylindrical pin, 1⋅8 : 1 for the
Whorl and 2⋅6 : 1 for the MX-Triflute pin, each
having similar root diameters and lengths with
the Triflute giving the more parallel sided weld
zone. Further refinements include the Trivex
tool which was designed to reduce the down
and traverse forces required and the Triflat tool
for thicker section materials

RPM FEED
710 50
900 63
1120 100
1400 136

EXPERIMENTAL PROCEDURE

The experimental study includes the butt
joining of 3 mm pure aluminium plates. The welding
process is carried out on a vertical milling machine
(Make HMT FM-2, 10hp, 3000rpm) as shown in Fig
5.1. Tool is hold in tool arbor as shown in Fig 5.2.
Special welding jigs and fixtures are designed to hold
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two plates of 200 mm X 60 mm X 3 mm thickness as
shown in fig 5.5.1. Table 5.1 shows the combinations
of the tool rotational speed (RPM), welding speed
(mm/min) and tool geometry and diameter of the tool
shoulder to the diameter of the tool pin (Ds/Dp).
These combinations are chosen based on the
literature survey and the capability of the milling
machine used for the experimental study. The
schematic diagrams of tools used in this process are
shown in Fig 5.5.2.

Fig 5.1 Photograph of Vertical Milling Machine

Fig 5.2 Photograph of Vertical Milling Machine
Tool Arbor

Fig 5.3 Photograph of Vertical Milling Machine
Fixture

SCHEMATIC SKETCH OF WELD JOINTS.

Non consumable tool made of H13 tool steel (Typical
chemical composition is shown in the Table ) is used
to fabricate joints, and diameters of shoulder 24,20
&16 and pin used were 8mm and the length of the pin
2.8 mm (depend on the plate thickness). The tools
used for the present study are taper cylindrical pin
profiles with shoulder as shown. A constant axial
force is applied for the entire friction stir welding
(FSW) experiments.

TOOL MADE WITH HSS13 FOR AUMINIUM

DIAMETER OF TOOL= 22

DEPTH OF FEED = AS MENTIONED IN TABEL

LENGTH OF SQUARE SHAPE MADE= 5X5
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Table 5.2 Chemical Composition of H13 Tool Steels

The direction of welding is normal to the rolling
direction. Single pass welding procedure is used to
fabricate the joints. After welding NDT (X- ray
radiography) was performed to detect any defects in
the weldments. The welding parameters are presented
in Table3.4. Joints were fabricated using different
combinations of rotational speed and welding speed
and different tool profile. The photographs of the
fabricated joints are shown. Mechanical properties of
base metal as shown table. Experiments conducted at
different combination tool rotating speed, welding
speed and tool profile. The combinations of
conducted the experiments

TOTAL NUMBER OF PLATES TAKEN = 8

NUMBER OF WELDINGS DONE BY 8 PLATES =
4

RPM CONSIDERED FOR THE PROCESS= 450,
710, 900, 1120

Fig showing two plates placed for welding

PLATE 1

THICKNESS OF ALUMINIUM PLATE= 4mm

LENGTH OF PLATE=75

WIDTH OF PLATE=70

TOTAL LENGTH AFTER WELDING= 150X70

PLATE 2

PLATE 3

PLATE 4
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Fig showing back view after the process of welding (

Fig showing back view after the process of welding

Fig showing back view after the process of welding

ADVANTAGES / DISADVANTAGES OF
FSW FOR ALUMINIUM JOINING

The advantages of FSW for welding
aluminium can be summarised as follows: as a
solid state process it can be applied to all the
major aluminium alloys and avoids problems of
hot cracking, porosity, element loss, etc.
common to aluminium fusion welding
processes as a mechanised process, FSW does
not rely on specialised welding skills; indeed
manual intervention is seldom required no

shielding gas or filler wire is required for
aluminium alloys the process is remarkably
tolerant to poor quality edge preparation: gaps
of up to 20% of plate thickness can be tolerated,
although this leads inevitably to a reduction in
local section thickness since no filler is added
the absence of fusion removes much of the
thermal contraction associated with
solidification and cooling, leading to significant
reductions in distortion; however, it is not a
zero distortion technique it is very flexible,
being applied to joining in one, two and three
dimensions, being applicable to butt, lap and
spot weld geometries; welding can be
conducted in any position excellent mechanical
properties, competing strongly with welds
made by other processes (see the section on
'Comparison with other joining processes')
workplace friendly: there are no ulraviolet or
electromagnetic radiation hazards as the
absence of an arc removes these hazards from
the process; the process is no noisier than a
milling machine of similar power, and
generates virtually zero spatter, fume and other
pollutants the energy required at the weld for
FSW lies between laser welding (which
requires less energy) and metal inert gas (MIG)
welding (which typically needs more) high
welding speeds and joint completion rates: in
single pass welds in thinner materials (down to
0?5 mm thickness), FSW competes on
reasonable terms with fusion processes in terms
of welding speed; in thicker materials, FSW
can be accomplished in a single pass, whereas
other processes need multiple passes. This
leads to higher joint completion rates for FSW,
even though the welding speeds may be lower.
Thick plates can also be joined by FSW on
either side various mechanical and thermal
tensioning strategies can be applied during
welding to engineer the state of residual stress
in the weld (see the section on 'Residual stress
control').

MICRO STRUCTURE TEST
Test Name: Microstructure

Type of Specimen: parent

Metal for Testing: Aluminium
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Test Name: Microstructure

Type of Specimen: Welded

Metal for Testing: Aluminium

IMPACT TEST

IMPACT SPECIMEN

IMPACT MACHINE

GRAPHS

FSW
(R.P.
M/M
M)

ROC
KWE
LL
HAR
DNE
SS

(HRB
)

BRI
NEL
’S
HA
RDN
ESS
VAL
LUE

IMP
ACT
STR
ENG
TH
(J)

450/4
0

74.5 26 14

710/8
0

78.4 74.5 21

900/1
25

78 31 13

1120/
160

75 78.3 12

WELDING
NUMB

R.P.M FEED RESULT

1 450 40 GOOD
2 710 80 GOOD
3 900 125 BETTER
4 1120 160 BEST
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RESULT:

1. Aluminum is the best metal for friction stir
welding process it gives better results when
compared with different rpm and feed and as
we increase the rpm the welding output is
getting better.

2. Tool profile used here is square of 5X5mm
3. Strength of tool made is 50
4. Materials used for making tool is H13

Conclusion:

By conducting above expriment we
can conclude that aluminium has the best
properties for the process of friction stir
welding. In this project we had undergone
different rpm and feed for the aluminium and
conducted several test like micro structure test,
tensile test, etc by observing all welding metals
and process aluminium gives the better output.
Aluminium in this process gives the better
output of withstanding different conditions

Welding of aluminium in friction stir
welding process successfully obtained for
different welding speeds, rotaion speeds and
different profiles. The following results were
obtiaoned.

1. At 1400 rpm tool rotates speed and
40/40mm/min traverse speed with square
profile resulted in good mechanical
properties. Joint efficeiency is good

2. All fsw joints were failed at the reterating
side this may be due to improper heat
distribution at rending side.

3. In the welding of aluminium is not done
done at 900 rpm tool rotates with a speed
of 40mm/min of welding lack of heat
generation.

4. Hardness variation is observing along
cross-section of the welds it was observed
that lowest hardness at reteating and beadt
wen fusion zone and thermo mechanical
affected zone.

5. By observnig all speeds we can say that
aluminium is giving better output.
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