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Abstract
A Numerical simulation at plunge stage model was developed to study the temperature fields and the plastic deformations of Al alloy 6061T6 and Mg alloy AE42 under different rotating speeds: 800,1200 rpm and travel speeds : 60mm/min ,50 mm/min with constant axial load of
40 KN during the friction stir welding (FSW) process. Observations by optical microscopy showsweld geometry of the weldments. Coarse
grains are found to be in the HAZ and finest grains were observed within the nugget. Three dimensional finite element model has been
developed in ABAQUS/EXPLICIT using the arbitrarylagaragian-Eulerian formulation, the Johnson-Cook (JC) elastic –plastic model and
Coulomb’s Law of friction is used. The JC model defines the strength of the material as a function of three parameters i.e. the strength of the
material depends on the strain hardening effects, strain rate effects and temperature. Results indicate the maximum temperature by
numerical analysis. If rotational speed, travel speed increases the plunge force will be reduced in friction stir welding process.
Keywords:FSW, Process parameters, mechanical test, metallography, numerical simulation, plunge stage, temperature,force

1. INTRODUCTION
Welding technology plays a key role in structure’s manufacturing by reducing cost in joining materials [1]. To
achieve the goal Friction stir welding (FSW) was introduced[2].
FSW has become the most effective technology in solving problems that have reached the profiled sheets with
the continuation of material, particularly in the aerospace industry, with the use of different joining techniques
that require high ductility and tensile strength. Current study, FS weldments AA6061-T6 to AE42 magnesium
alloy were successfully obtained with varying processing parameters and were mechanically and metallurgically
characterized [3, 4]. This paper discuss on macrostructure analysis, influence of tool geometry, process
parameters with numerical study.

Figure 1. Schematic Illustration of FSW Process

2. EXPERIMENTAL SETUP
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2.1 Material and Specimen preparations
Welding plate sizes are 120mm x 100 mm x 3mm were used.Cast AA6061-T6,
T6, belongs to aluminium alloys.
Copper and magnesium grows at its peak and elevated temperatures when its strength and hardness grows.
Dissimilar metals properties and compositions are given in below tables. It has good weldability and corrosi
corrosion
resistance. The sides of the plates will be checked for parallel to the correct clamp in the FSW divisions, which
will consolidate the movement for the welding process of movement.

2.2 FS welding Tool Design
Tool shoulder diameter, D (mm)
Tool shoulder length,

L (mm)

: 12
: 16

Pin diameter, d (mm)

: 2.5

D/d ratio of tool

: 4.8

Pin length, L (mm)

: 2.9

Pitch (mm) of threaded pin

: 1

FSW depends on design of tool, process parameters. Design of tool
tool and geometry of it’s made. For current
research on aluminium alloy AA6061-T6
T6 and magnesium alloy AE42 a conical tapered threaded pin profile has
beenused for high speed steel material with 60HRc hardness.
TABLE 66.Parameters of Dissimilar Weldments
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From table 6, shows the samples process parameters and their joint efficiencies are high at 800 rpm with 150
mm/min travel speed and minimum at 1200 rpm with 60 mm/min travel speed. To find out the cause of
deviation in the tensile specimens,, macrostructure
macrostructure analysis, microstructure analysis and micro hardness
measurements are performed

Figure 2.The
The fracture location of the tensile specimens’ joints welded at rotation speed of 800 rpm and 1200rpm

2.3 Microstructure Evaluation
Macro and Microstructure shownn in fig (3, 4)
4)at cross-section. The heat affected zone (HAZ) has changes in
mechanical properties, revised at the regionthermo-mechanically
region
mechanically affected zone (TMAZ) in which the mat
material
was deformed plastically.Centre line termed as stirredzone
stirred
with fine, equivalent refined grains.

Fig
Figure
3.Macrostructure of a FSW joint
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Figure 4.Microstructure ofWeldments at nugget zone

2.4 Microhardness
Vickers microhardness of weldments are measured with the dotted lines shown in fig 5. Fig 5 shows an uneven
distribution. An average hardness values of dissimilar metals are given in table 2 and 4. At NZ values depend on
the range of phase constituents and local recrystallization. Maximum hardness (HV) shown at the cross section
at nugget zone, but the hardness value is not much higher than the base material [6].Then, microhardness base
material is less than the value of the AA6061-T6 and slowly increases at one side, another side Mg AE42 is at
the medium level.
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Figure5.Vickers hardness graph

3. MODEL DESCRIPTIONS
The basic model is composed of a coupled thermo mechanical finite element model developed in abaqus/explicit
including mesh formulation, the Johnson cook (JC) material model and coulomb’s law of friction is used [1014].
3.1 Geometry, boundary conditions and the FE mesh
3-D numerical model is based on the C3D8RT element type, which is a thermo mechanically coupled

hexahedral element with 8 nodes, each having trilinear displacement. Plate dimensions in the numerical model
at the plunge stage is 120mmx100mmx3mm. The mesh consists of 23608 nodes and 20972 elements. The
numerical model of the welding plate, tool is shown in the figure 6.
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Figure 6.Numerical
Numerical model of the welding plate, and the tool

3.2 Thermal model
FSW heat generation sources: frictional heating at the tool work piece interface and plastic energy dissipation
due to shear deformation
mation in the nugget zone [15-21].When heat is dissipated by circulation into the workpiece,
tool and backing plate, and also by convection and radiation from the surfaces. Traditional losses are considered
in this model are lower because of lower temperatures. They can be combined with convection from the top
surface of the plate by using a slightly hhigher heat transfer coefficient, the governing equation for heat transfer is

Where
k is the materials conductivity W/mK
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Figure 7.Temperature dependence of the time at point T during the plunge stage

3.3 Johnson-cook elastic-plastic model
This process results in a large deformation in the thermomechanically affected zone. Modelling the FSW
process requires the interaction of flow pressure with temperature, plastic strain, and strain rate. For this reason
the Johnson-Cook elastic-plastic model has been implemented [22-25]. The formulation for this model is
empirically based. The Johnson-cook elastic-plastic model equation is given by

TABLE 7.Johnson cook elastic plastic constants for dissimilar metals
Dissimilar

A

B

n

m

Metals

Melting

Ambient

temp

tempTr(ºC)

Tm(ºC)
AA6061-T6

285

94

0.41

1.34

588

25

Mg AE42

172

360.7

0.45

0.95

650

25

A, B, n, Tm,Tr and m are the material constants for johnsin cook strain rate dependent yiels stress for dissimilar
metals as shown in table 7, whereTm = the melting point or the solidus temperature, Tr = ambient temperature,
A= yiels stress, B= strain factor, n= strain exponent, m= temperature exponent.
4. RESULTS AND DISCUSSIONS
The analysis of experimentalweldments of Al alloy 6061-T6 to Magnesium alloy AE42 shown the maximum
hardness at weld joint compared than the parent material.
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Figure8.Temperature fields in the transverse cross-section
cross
near tool interface after 25.8 s, when rotation
ion speed at 1200 rpm
and plunge speed at 60mm/min.

Figure 9. Force dependence of the time during the plunge stage

Study of temperature fields and the plunge force of Al alloy 6061-T6
T6 to magnesium alloy AE42 was developed
by coupled thermomechanical model, under different rotating speeds: (800, 1200) rpm with travel speeds
s
of
150mm/min and 60mm/min. Figure 8s
8shows the coordinates of point T (10, 0, 0) used for measuring the
temperature dependence of the time.
The heat transfer coefficient through
hrough the welding plate is 687 W/m2 K, A constant coefficient of friction

4. CONCLUSION
Observations
bservations of macrostructure and microstructure shows different zones of weldments.. Coarse grains were
found to be in HAZ and fine grains within the nugget.
nugget Tensile strength of the parent material found was 84%.
This behavior is related to the plastic deformation effect of heat generated by surface friction plastic
deformation.
The highest temperature produced by weldments can range from 85% - 95% to the melting temperature of the
base material. As the speed of rotation increases, the area of temperature increases. The temperature field is
symmetrical. The contact between the rotating pin and the welding plate begins to increase, and reaches a
maximum value at 1200 rpm and 800 rpm due to the mate
material
rial plasticity and is softened due to high pressure and
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temperature rise. As the speed of rotation increases, the plunge force can be reduced. The results show that
software ABAQUS is particularly important in simulating mechanical properties in this process.
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