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Abstract- Friction stir welding (FSW) is a solid state welding
process which involves the joining of two similar or dissimilar
materials without the application of filler material. The tool
performs the three steps to complete the welding process which
are Plunge, Dwell and Translation. During the plunge stage the
tool penetrates into the workpiece material and then translates
onto the weld line. In between the translation motion tool moves
in forward direction and behind that the workpiece material
mixed into each other and form weld.

In this paper study, Friction stir welding is a nonlinear thermal
process which is simulate with the help of using Altair’s
HyperWeld. It is foremost computer-aided engineering (CAE)
application which used in simulation purpose. Using different
materials with different input parameters the butt joint is
created. In this study the different materials are used such as
AA7075, AAB061, and AA2219 for various process parameters.
The process parameters are (1) Rotational speed are 600 rpm,
1000 rpm and 1400 rpm, (2) Tool translational speed are 100
mm/min, 150mm/min and 200 mm/min and (3) Tool shoulder
diameter are 12 mm, 18 mm and 24mm. With the help of these
different process and geometrical parameters the thermal
distribution result is analyzed. The results are presented for
dissimilarity in peak temperature of three different aluminum
alloy plate at the same input parameters during the Friction Stir
Welding process.

Keywords- Thermal Analysis; Friction Stir Welding; Aluminum
Alloy; Peak Temperature.

I INTRODUCTION

Friction stir welding is a recent welding technology
developed in 1991 at TWI of UK [6]. In this process a non
consumable tool utilized having a shoulder and a small pin
projecting from it. Amongst the emerging new welding
technologies, this friction stir welding (FSW) process is used
mostly for welding of high strength aluminum alloys because
these alloys are difficult to weld by other conventional fusion
welding techniques. Again main advantage of this FSW
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process is that, it is an environmentally beneficial welding
process because it doesn’t produce any fumes and spatter
which are harmful to our body and environment also. The
whole FSW process carryout in three steps i.e. Plunge, Dwell
and Translation. During the first stage of friction stir welding
process the tool is rotated and it is simultaneously plunged
into the weld line of two plates. This stage is called as Plunge
stage; in that the tool front projected area called as pin is
penetrate into the workpiece. During that penetration pin side,
tip and shoulder surface makes frictional contact with the
workpiece material and generates heat. Due to heat
generation, the contact material between the tool, and
workpiece get molten and tool easily penetrate into the
workpiece. After the plunge stage, tool only rotates at same
plunged area for a small period of time so that proper amount
of heat generation take place which is most important for the
conversion of hard material into soften material and this stage
is called as Dwell stage. When required amount of heat
generation take place then the tool traversed along the weld
line. The frictional heat generation take place due to rubbing
of shoulder on work piece material and results in plastic
deformation and movement of material from advancing side
to retreating side followed by formation of joint behind the
tool, this is the last stage of FSW process called as
Translational stage. The complete working model as shown
in Fig.1.After that tool can be remove from the weld line but
there is only one disadvantages of FSW process is that when
tool remove from welding material then the pin hole is left in
welding line at the end.
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Fig. 1. FSW Process
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Fig. 2. Microstructure region

The friction stir welding results plays important role to
change in typical mechanical properties such as ductility,
fatigue, fracture, toughness, and strength of the joint formed
which is less in conventional welding process as compare to
FSW. During process usually there are four regions created,
namely, (i) Heat Affected Zone (HAZ); (ii) Unaffected Base
Metal; (lii) Thermo-Mechanically Affected Zone (TMAZ);
(lv) Friction Stir Processed (FSP) zone as shown in Fig.2.
The formation of above mentioned regions is directly affected
by the peak temperature changes under the action of non
consumable rotating tool. At the same time, the peak
temperature behavior is mostly affected by the FSW process
parameters, FSW tool dimensions and FSW workpiece
material.

In the present literature survey it has found from the
various researchers conclusion that peak temperature
production is depend on the rotational speed as well as
translational speed some of these are, Patel etal. [2]
Performed FSW simulation for various tool pin profile at
constant rotational speed and found that the cylindrical with
flute pin profile produce the high peak temperature than
conical, hexagonal and trapezoidal shape. Armansyah et.al.
[3] worked on the temperature distribution in FSW using
FEM and found that with increase in travelling speed at
constant tool pin shoulder rotational speeds will reduce the
amount of heat in weld zone and it directly affects on peak
temperature. Dr. Jweeg et.al. [11] Worked on the Theoretical
and Experimental investigation of transient temperature
distribution in friction stir welding of AA7020-T53 and
concluded that the obtained peak temperature is 70% of the
melting point of parent material and maximum temperature
measured at mid position of plate. Patil et.al. [5] Have
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experimented on thermal analysis of Friction Stir Welding of
AA7075 using Altair’s HyperWeld and seen that the
temperature increase with increase in tool rotational speed
and also predicted that the temperature at advanced side is
higher than retract side. Gautam et.al. [1] Have made the
study of peak temperature in friction stir welded T-joint for
AA6061 using Altair’s HyperWeld and result obtained is
with increase in tool rotational speed and pin diameter
subsequently the temperature of weld bead increase.

The virtual experimental work is completed using
Altair’s HyperWeld friction stir welding. Altair’s is a
important computer-aided engineering (CAE) application. It
can be used for linear as well as nonlinear structural analysis,
structural optimization, computational fluid dynamics
simulation, multiphysics simulation and also multibody
dynamics applications. Altair has strong position in
simulation technology that helps clients to analyze, simulate,
visualize, and manage complex information [4]. Altair’s
HyperXtrude is an industry leading, general purpose, finite
element based simulation software application within Altair’s
HyperWorks suite of CAE products. It provides a tightly
integrated suite of best-in-class tools for all facts of the
simulation  process, including modeling, analysis,
optimization, visualization, reporting, and collaborative
knowledge management [5].

II. PROCESS METHODOLOGY

The friction stir welding simulation is done using
Altair’s HyperWeld CAE software. The literature available
for study of the effect on peak temperature with the help of
different geometric parameters as well as process parameters
for different aluminum alloy material is very limited hence an
effort has been made to understand effect of all this
parameters on the material using HyperWorks. The
workpiece materials are used as AA7075, AA6061, AA2219
aluminum alloy and tool material is H-13. Both aluminum
alloy plates of size 381mmx127mmx6mm thick with the
properties as shown in Table Il are selected for the
simulations & FSW tool of steel H-13 with the properties as
shown in Table I are selected to perform virtual FSW process
using Hyper Works 11.

TABLE 1. H-13 TooL MATERIAL PROPERTIES

Material
(Steel
Tool)

Specific
Heat
(J/Kg-K)

Young Poisson
Modulus Ratio
(Pa)

Density
(Kg/m?®)

Conductivity
(W/m-K)

H-13 7870 460 23 218+ 335
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TABLE II. ALLUMINUM ALLOY MATERIAL PROPERTIES
Material (Al Alloy) 7075 6061 2219
Density (Kg/m?®) 2810 2700 2780
Specific Heat (J/Kg-K) 862 896 872
Conductivity (W/m-K) 134 180 193
Co-eff. Of T?f/rlrg)al Expansion 16.005 16.005 16.005
Liquidus Temp (K) 908.15 925 911
Solidus Temp (K) 748.15 855 775
Young Modulus (Pa) 7.2E+10 4.0E+10 4.0E+10

Poisson Ratio 33E-01 | 33601 | 33E-01

The process parameters used in simulations are three
Shoulder Diameter (Sd) as (i) 12mm (ii) 18mm (iii) 24mm
used. The welding speeds are selected as (i) 200mm/min (ii)
150mm/min (iii) 200mm/min and tool rotational speeds are
selected as (i) 600rpm (ii) 1000rpm (iii) 1400rpm with initial
temperature of plate is ambient temperature. The Tool
geometry parameters are selected as shoulder length is
70.231mm, pin diameter (Pd) is 6mm, pin height is 5.2mm
and tool tilt angle is 0° Amongst this tool geometry
parameters shoulder diameter are variable and shoulder
length, pin diameter, pin length and pin tilt angle are kept
constant throughout this simulation as shown in Fig.3.

* Friction Stir Welding- Butt Joint

Toal and Workpigce infarmation

idth of Left Plate W1 1270 mm - Shoulder Diameter D5
Width'w2 127.0 mm  Shoulder Height HS:

Thickness H1 Pin Diameter DP

B mm
Thickness HZ E mm  PinHeight HP:
Length of Plates: 3.0 mm  PinTikAngle:

oK Cancel

Fig. 3. Tool and Workpiece Information

¥ Friction Stir Welding- Butt Joint BC Parameters

Process Conditions:

Temperature of Plates: 20 deqlC Ruatational Speed: 600 rpm
Tianslation Speed 100 mm/min Eench Cony. Cosffecient, 300 wiim"2deg C
Handle Corrv. Coeffecient. 10 Wim*2-degC 5lip Coeffecient 1.0e+09

Top Suf. Cony. Coeffecient: 20 Wim*2-degC

K

Fig. 4. Process Parameters Information
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The virtual experiment performs on different
combination of shoulder diameter and rotational speed and
translational speed for each material as shown in Fig. 4. In
each weld simulation, total iteration was kept constant at four
so that results get with high accuracy.

IIl.  RESULTS AND DISCUSSION

In this study, Understanding the heat generation and the
temperature history during the FSW process is the first steps
towards the understanding the thermo-mechanical interaction
taking place during the welding process. The finite element
weld simulation is performed to explore the effect of different
tool rational speed, tool translational speed and tool shoulder
diameter on peak temperature for welding of AAT7075,
AA6061 and AA2219 Al alloy plates. The heat transfer
related boundary condition is applied on the entire surface of
workpiece except the bottom of the plate is a convective heat
transfer of 30 W/m2K whereas the natural convection is used
between workpiece and air. A higher convective coefficient
equivalent to conduction coefficient of 350 W/m2K is applied
as a boundary condition to the bottom surface of the work
piece. The results of the generated temperature profile are
shown in the Fig. 5. It indicates the direction of heat flow in a
material during process.

Fig. 5. Temperature Profile on Model

Heat Affected Zone (HAZ) in a material which
highlighted by red colour as shown in fig.6 is indicate the
peak temperature region generated during FSW process. At
this region temperature as well as stresses are high than other
part of workpiece. HAZ find at the contact between surface
of tool pin, tool shoulder with workpiece. The different
colour contour indicates the different temperature region or
node at HAZ. Red zone indicate the highest temp region
similarly blue region indicate that lowest temperature region
(i.e. Reference Temperature) means in that region there is no
transfer of heat from high temp node to low temp node.
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The Fig.7. shows the different temperature zone during
FSW process with the help of FE analysis with set
parameters. It clearly indicates the different weld region in
plate material and also show that the heat generated region at
advance side (left Side ) is more than retracting side. And it

is found that the temperature at advanced side is larger than
retract side because more plasticized mass deposited at
advance side than retract side during the FSW process. The
temperature at different position from center of the tool is
also possible to predict.

Fig. 6. Cross Sectional View of HAZ.

Tomporature (ot )4 AN a0d St

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181

Vol. 4 Issue 12, December-2015

TABLE IlI. PEAK TEMPERATURE VALUES OF AA7075 & H-13
AAT7075 And H-13
RUN Sq (mm) Sr (rpm) St (mm/min) Peak Temp (K)

1 12 600 100 593.615
2 12 1000 150 827.368
3 12 1400 200 878.65
4 18 600 100 634.79
5 18 1000 150 815.03
6 18 1400 200 1008.79
7 24 600 100 677
8 24 1000 150 865
9 24 1400 200 1008.79

Above same procedure has been perform on remaining
two material such as AA2219 and AA6061 with tool material
remain same as H-13and process parameters are also same as
above. The obtained peak temperature result of all materials
which are used for simulation purpose has compare and the
obtained results have mentioned in Table IV.

The peak temperature result of Table 1V is studied with
the help of graphical representation show in Fig.8. The
Graphical representation i.e. Fig. 8 plot in-between the
generated peak temperature at different workpiece material
and Run which are taken during simulation. In first run the
translational speed (Si), shoulder diameter (Sq), rotational
speed (Sy) are same for all material likewise its value different
for the different run as per data shown in table 4.

TABLE IV. PEAK TEMPERATURE VALUES OF ALL MATERIALS
St Peak Temperature (K)
S S
RUN (mm/
(mm) | (rpm) )
min) | AA7075 | AA6061 AA2219
1 12 600 100 593.615 487.23 607.3
2 12 1000 150 827.368 524.74 755.57
Fig. 7. X-Directional View of Temperature Profile 8 12 1400 200 878.65 547.32 886.55
The tabulated results showing peak temperatures 4 18 600 100 634.79 493.29 644.51
obtained by running t_he _S|mulat|0ns up to four _|terat|on_on 5 18 1000 150 815.03 515.83 827 47
Hyper Works 11.0 to indicate the effects of varying welding
parameters on aluminum alloy AA7075 and H-13 as shown 6 18 1400 200 1008.79 546.38 986.31
in Table Ill. The different tool rotational speed (600, 100,
1400), tool translational speed(100, 150, 200), tool shoulder 7 24 600 100 677 519.17 683.62
diameters(12, 18, 24) are considered for virtual experimental
study and peak temperature at different combination of input 8 24 | 1000 | 150 865 538.99 | 88348
parameters can be studied for heat generation 9 22 1400 200 1008.79 573.39 1046.37
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1200 process and get high strength weld. This works will helps in
Peak Temp. for Different Materials optimization of process parameters that can be carried out for
1000 the selected geometries of tool-pin parameters.
z
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