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Abstract
This paper explains the numerical analysis of Silicon carbide reinforced of 10%, 15%, 25%, and 30% by volume and
unreinforced friction stir welding processes of magnesium alloy AZ31B. In this paper the heat input and temperature
distribution during friction stir welding is investigated. The temperatures at different positions in the nugget zone were
recorded with the temperature gun during welding under various welding conditions such as percentage of volume
proportion of reinforcement. The finite element model was developed for different volume proportions of reinforcement
and simulated using finite element method program (ANSYS).Validated the simulation results with experimental results.
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1. Introduction
Friction stir welding (FSW) is a novel solid-state joining process that may have significant advantages
compared to the fusion processes as follow: Joining of conventionally non-fusion weldable alloys, reduced
distortion and improved mechanical properties of weldable alloys joints due to the pure solid-state joining of
metals. In a typical FSW, a rotating cylindrical pin tool is forced to plunge into the plates to be welded and
moved along their contact line. During the welding, heat is generated by contact friction between the tool and
workpiece softens the material. Since no melting occurs during FSW, the process is performed at much lower
temperatures than conventional welding techniques. Because of the highest temperature is lower than the
melting temperature of the material, FSW yields fine microstructure [1]. Chen and Kovacevic studied on the
finite element analysis of the thermal history and thermo mechanical process in the butt-welding of aluminum
alloy 6061- T6 [2]. Nandan et al. modeled three-dimensional visco plastic flow and temperature field during
FSW of 304 austenitic stainless steel mathematically [3]. Buffa et al. proposed a 3D FEM model for the FSW
process that is thermo-mechanically coupled and with rigid-viscoplastic material behavior [4]. Zhang et al.
developed solid mechanics based finite element models and computational procedures to study the flow
patterns and the residual stresses in FSW. They concluded that with the increase of the translational velocity,
the maximum longitudinal residual stress can be increased [5]. Chao et al. formulated the heat transfer of the
FSW process into two boundary value problems (BVP)-a steady state BVP for the tool and a transient BVP
for the workpiece [6]. Song and Kovacevic presented a three-dimensional heat transfer model for FSW. They
introduced a moving coordinate to reduce the difficulty of modeling the moving tool and considered heat
input from the tool shoulder and the tool pin in their model. They concluded that preheat to the workpiece is
beneficial to FSW [7]. Hamilton et al. developed a thermal model of FSW that utilizes a new slip factor based
on the energy per unit length of weld. The slip factor was derived from an empirical, linear relationship
observed between the ratio of the maximum welding temperature to the solidus temperature and the welding
energy [8]. Soundararajan et al. developed a thermo-mechanical model with both tool and workpiece using
mechanical loading with thermal stress to predict the effective stress development at the bottom of workpiece
with uniform boundary conditions. [9]. Rajamanickam et al. investigated the effect of process parameters such
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as tool rotation and weld speed on temperature distribution and mechanical properties of aluminum alloy
AA2014 joined by friction stir welding. A three dimensional transient thermal model using finite element
code ANSYS was developed and experimentally validated to quantify the thermal history [10].

FSW process is a complicated process which involves many variables. The amount of temperature
generated during the welding process is the important parameter of the process. The heat input due to this
temperature decides the quality of the joint. Sufficient temperature should be generated to plasticize the
material and to make it flow and then it is forged on the other side so that a sound weld is achieved. Finite
element modeling has been done on un-reinforced and reinforced friction stir welds of magnesium alloy
AZ31B.and by using “ANSYS12.0”. One side portion of the workpiece was modeled as the plates were in
symmetrical. The main objective of this study is to validate the predicted temperatures with experimental
temperatures and the effect of percentage of reinforcement on the temperature generated.

2. Heat and Heat Flux Calculation of Friction Stir Welding
Heat was developed between the surface of the tool shoulder and workpiece. Heat developed at contact
surface of tool shoulder and work piece is equal to

Q = 2 π µ P R N
Where Q = Heat

µ = Co efficient of friction

P= Axial force in Newton’s
R = Shoulder radius in mm

N = Rotational speed of Tool in rpm

Q = Heat = 2 x 22/7 x 0.35 x 6000 x 9/1000 x 1400/60 = 2,770 W
Heat Flux = Heat/ Area

= 2770/ π r2

= 2770/ π 92

= 10.88 W/mm2

3. Thermal Modeling of Unreinforced and Reinforced FSW
Thermal analysis has been done to know the temperature distribution during reinforced and unreinforced
friction stir welding of magnesium alloy AZ31B. (Solid-Quad 4 node 77 for plane) and (Solid- Brick 8 node
70 for Extrude) element type is considered. Plane geometry has been created as 6 blocks as shown in figure 1.

Table 1: Properties of materials

Properties
Base materials Reinforcing materials

Mg alloy AZ31B SiC

Thermal conductivity (K), W/mmok 0.096 0.12

Specific heat (c), J/kgoK 1040 750

Density (ρ), T/mm3 1.77×10-9 3.1×10-9

Thermal expansion (α), /0C 23.4×10-6 4×10-6

Young’s modulus (M), N/mm2 44.8×103 410×103
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Figure 1: Geometric model of workpiece

In the figure 1, area A1, A2, A3 and A5 considered as base material, A4 and A6 portion considered as tool pin
length and A6 area is considered as reinforced portion. The materials has been assigned to areas using mesh
attributes as shown in figure 2

Figure 2: Mesh attributes defined on workpiece

Discretization has been created by dividing the geometry into number of divisions by size control of
24, 18, 10 and 6. A physical problem was converted into FEM problem using mapped mesh as shown in
figure 3 and all the items are merged.
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Figure 3. Plane Finite element model of workpiece

The mesh model is extruded along the z-axis to convert plane geometry into solid using brick element. Base
material portion is extruded first and then reinforced portion is extruded latter as shown in figure 4

Figure 4: 3D finite element model

The thermal boundary conditions have been calculated analytically in terms of heat flux other than
temperature and convection which are surrounding conditions. Temperature (400 C) has been applied on area
which is opposite to weld starting point, Heat flux (10.88 W/mm2 for Mg alloy) is applied on top surface from
the welding direction and air convection (0.5 W/m2K)   is assigned on bottom surface of workpiece as shown
in figure 5. The final model with boundary conditions has been solved numerically.
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Figure 5: FE Model with thermal boundary conditions

Nodal temperature was determined and plotted temperature contours. Predicted temperature results are
validated with experimental values which are discussed in following section

4. Temperature Distribution for FSWJ of Mg Alloy AZ31B

Figure 6: Temperature distribution of unreinforced FSW of Mg Alloy AZ31B

The figure 6 revealed that the temperature distribution of unreinforced friction stir welded joint of magnesium
alloy AZ31B. The maximum temperature attained by the process is 343.558 0C. The melting point of
magnesium alloy AZ31B is 650 0C. The maximum temperature attained is 52.85% of melting point
temperature.
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5. Temperature Distribution for FSW Joint of Magnesium AlloyAZ31B with SiC Reinforcement

Figure 7: Temperature distribution for Mg Alloy AZ31B with 10% of SiC

The figure 7 revealed that the temperature distribution of friction stir welded joint of 10% SiC reinforced
magnesium alloy AZ31B. The maximum temperature attained by the process is 449.977 0C. The melting point
of Magnesium alloy AZ31B is 650 0C. The maximum temperature attained is 69.22% of melting point
temperature. The maximum temperature attained in ANSYS model without reinforcement is 343.55 0C, which
is 52.85% of melting point temperature of magnesium alloy AZ31B. By adding 10% volume proportions of
silicon carbide, temperature developing was increases than unreinforced welded joint. Due to increase of
temperature, material can easily plasticize.

Figure 8: Temperature distribution for Mg Alloy AZ31B with 15% of SiC

The figure 8 revealed that the temperature distribution of friction stir welded joint of 15% SiC reinforced
magnesium alloy AZ31B. The maximum temperature attained by the process is 457.677 0C. The melting point
of magnesium alloy AZ31B is 650 0C. The maximum temperature attained is 70.41% of melting point
temperature. By adding 15% volume proportions of silicon carbide, temperature developing was increases
than 10% SiC reinforced welded joints.
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Figure 9: Temperature distribution for Mg Alloy AZ31B with 25% of SiC

The figure 9 revealed that the temperature distribution of friction stir welded joint of 25% SiC reinforced
magnesium alloy AZ31B. The maximum temperature attained by the process is 487.3150 C. The maximum
temperature attained is 74.97% of melting point temperature. By adding 25% volume proportions of silicon
carbide, temperature developing was increases than 10% & 15% SiC reinforced welded joints.

Figure 10: Temperature distribution for Mg Alloy AZ31B with 30% of SiC

The figure 10 revealed that the temperature distribution of friction stir welded joint of 30% SiC reinforced
magnesium alloy AZ31B. The maximum temperature attained by the process is 488.048 0C. The melting point
of magnesium alloy AZ31B is 650 0C. The maximum temperature attained is 75.08% of melting point
temperature. By adding 30% volume praportions of silicon carbide, temperature developing was increases
than 10%, 15% and 25% reinforced welded joints.
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6. Comparison between Experimental and ANSYS Temperature at Weld Zone of SiC Reinforced
FSW of Mg Alloy AZ31B

Table 2: Maximum temperatures in the SiC reinforced friction stir weld zone of Mg Alloy AZ31B

Percentage of
SiC

reinforcement

Experimental
temperature in 0C

ANSYS
temperature in 0C Percentage of

variation

0 380 343.558 9.59

10 415 449.977 7.77

15 432 457.667 5.60

25 443 487.315 9.09

30 452 488.048 7.38

Finite element analysis has been conducted to estimate the temperature in welded joints by using ANSYS
software. It was observed that after validation, no much variation between the experimental and ANSYS
temperatures. The maximum temperature variation was less than 10%.

CONCLUSIONS
Finite element analysis has been conducted to estimate the temperature distribution in reinforced and
unreinforced friction stir welded joints of magnesium alloy AZ31B by using “ANSYS” software. Maximum
temperature was recorded at 30% volume proportion of SiC in both experimental and ansys. Maximum
percentage of variation in temperature existed between experimental and ansys is 9.09%. After validation, it
has been observed that no significant variations existed between experimental and “ANSYS” temperatures.
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