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Abstract—Friction stir processing is an emerging technique 
based on the principles of friction stir welding (FSW). It is a 
solid-state joining method that is energy efficient, 
environmentally friendly, and versatile. It is considered by 
many to be the most significant development in metal 
joining in a decade. The basic concept of friction stir 
processing is remarkably simple. A rotating tool with pin 
and shoulder is inserted in the material to be joined, and 
traversed along the line of interest. The heating is localized, 
and is generated by friction between the tool and the work 
piece, with additional adiabatic heating from metal 
deformation. A processed zone is produced by movement of 
material from the front of the pin to the back of the pin.  
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I. INTRODUCTION 
Fabrication is a process to join any two materials by means 
of some mechanical or chemical means. For example rivets, 
bolts, welding, brazing, etc. among all this processes 
welding is considered to be the largest used fabrication 
process in our industries. Welding is a fabrication process 
used to join two similar or dissimilar metals by the 
application of heat and pressure. Welding is a permanent 
joint and is considered to be the most applicable in different 
applications. 

Welding process was adapted from ancient times 
when ancient people started to heat metals and joined them 
like gold ornaments and many more things. With the end of 
the 20th century welding has become very popular in every 
field. Welding is a fabrication process done by the 
application of heat and pressure sometimes with the use of 
filler materials if required. It is extensively used in 
fabrication of different components including critical 
structures like boilers and pressure vessels, ships, off-shore 
structures, bridges, storage tanks and spheres, pipelines, 
railway coaches, anchor chains, missiles and rocket parts, 
nuclear reactors, fertilizer and chemical plants, plate and 
box girders, automobile bodies, press frames, water turbines 
and structures. Moreover it is also used in heavy plate 
fabrication industries, pipe and tube fabrication, automobiles 
axles to their brake drums, sealing of containers of 
explosives, welding of cluster gears, etc.[1][2] 

II. HISTORY 
Friction Stir Welding is a new welding technique for 
aluminum alloys invented by The Welding Institute, 

Cambridge, U.K., in 1991. This technique uses a no 
consumable steel welding tool to generate frictional heating 
at the point of welding and to induce gross plastic 
deformation of work piece material while the material is in a 
solid phase, resulting in complex mixing across the joint. A 
detailed account of the process has been provided by others. 
Although friction stir welding can be used to join a number 
of materials, the primary research and industrial interest has 
been to join aluminum alloys. 

Defect-free welds with good mechanical properties 
have been made in a wide variety of aluminum alloys, even 
those previously thought to be “Unweldable,” in thicknesses 
from less than 1 mm to more than 35 mm. In addition, 
friction stir welds can be accomplished in any position. 
Clearly, friction stir welding is a valuable new technique for 
butt and lap joint welding aluminum alloys. 

The goals of the FSW program were first to 
produce welds with equivalent strength and increased 
ductility compared to conventional arc welds, then to 
fabricate and test ballistic weld samples. Work in this 
program involved using a thermal model to initially predict 
the FSW tool geometry and welding parameters. The model 
data were used to develop a statistically designed 
experiment to further refine the welding parameters needed 
to produce the desired results. 

Work from this program produced friction stir 
welds with similar strength to gas metal arc welds (26 ksi 
yield strength and 43 ksi tensile strength), but significantly 
higher ductility (11% vs. 58% elongation). Using the 
development processing parameters, butt joint weld sample 
plates were fabricated and successfully passed ballistic weld 
shock test requirements.[3] 

III. FRICTION STIR WELDING PROCESS 
Friction Stir Welding (FSW) is a process that has been 
shown to produce superior as-welded mechanical properties 
when compared to typical arc welding processes in other 
aluminum alloys such as 5083, 6061 and 2219. Friction stir 
welding operates by passing a rotating tool between two 
plates that are restricted from movement. The tool is pushed 
down (plunged) into the material to a present depth. Once 
plunged, the tool is moved along the weld joint. 
Heat is generated through frictional contact between the 
rotating tool shoulder and the abutting material surface. All 
welding takes place in the solid state, minimizing the typical 
distortion and mechanical property losses associated with 
traditional arc welding processes. 
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A. Principle of operation: 

 

 
Fig. 1: FSW Process 1 

Schematic diagram of the FSW process: (A) Two discrete 
metal work pieces butted together, along with the tool (with 
a probe).(B) The progress of the tool through the joint, also 
showing the weld zone and the region affected by the tool 
shoulder. 
In FSW, a cylindrical-shouldered tool, with a profiled 
threaded/unthreaded probe (nib or pin) is rotated at a 
constant speed and fed at a constant traverse rate into the 
joint line between two pieces of sheet or plate material, 
which are butted together.  
The parts have 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 nib is slightly less than the 
weld depth required and the tool shoulder should be in 
intimate contact with the work surface. The nib is then 
moved against the work, or vice versa. 

 
Fig. 2: FSW Process 2 

Frictional heat is generated between the wear-resistant 
welding tool shoulder and nib, and the material of the work 
pieces. This heat, along with the heat generated by the 
mechanical mixing process and the adiabatic heat within the 
material, cause the stirred materials to soften without 
reaching the melting point (hence cited a solid-state 
process), allowing the traversing of the tool along the weld 
line in a plasticized tubular shaft of metal. As the pin is 
moved in the direction of welding, the leading face of the 

pin, assisted by a special pin profile, forces plasticized 
material to the back of the pin while 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.[5] 

B. Flow of material & micro structural study: 

The first attempt at classifying microstructures was made by 
P L Threadgill (Bulletin, March 1997). This work was based 
solely on information available from aluminum alloys. A 
more comprehensive scheme has been developed by TWI, 
and has been discussed with a number of appropriate people 
in industry and academia. This has also been accepted by the 
Friction Stir Welding Licensees Association. The system 
divides the weld zone into distinct regions as follows: 

 
Fig. 3: Micro structural study of plate 

 
A:-Unaffected material  
B:- Heat affected zone (HAZ)  
C:- Thermo-mechanically affected zone (TMAZ)  
D:-Weld nugget (Part of thermo-mechanically affected 
zone)  

C. STRUCTURAL ANALYSIS 

Now the material property E = 70e5 N\mm² and Poisson 
Ratio = 0.33 
The mesh tool is used to control and generate the mesh; here 
select smart size option for better meshing and select 
appropriate components in their element mode.[4][5] 
 

 
Fig. 4: Principle of the friction stirs welding process 

Plate after Meshing: -The dumbell shape after cutting form 
welded plate is look like as shown in FIG.5 

http://en.wikipedia.org/wiki/Image:Anand-FSW-Figure1-A.jpg
http://en.wikipedia.org/wiki/Image:Anand-FSW-Figure1-B.jpg


 Modeling and Simulation of Base Plate of Friction Stir Welding-Advanced Welding Technique

(IJSRD/Vol. 1/Issue 4/2013/0029) 

 

 All rights reserved by www.ijsrd.com 934 

 
Fig.5: Plate after Meshing 

Define Constraint: 
Here, we have constraint plate at bottom for all dof and for 
bearing we have offered only Y axis movement. 

 
 Fig. 6: Define Constraint 

Define Load: 
Here, define different loads according to our test results and 
then comparing results. Here, we show only the method 
where we are applying load that is same for all load 
defining. As shown as fig.7 we applying the load in the Y 
direction, so we can get the stress and DOF are generated 
maximum.  
 

 
Fig. 7: Define Load 

Solution: 
This solves the current load step (LS) i.e. the current loading  
conditions. In our problem there is only one load step. 

 
Fig. 8: Solution 

IV. RESULTS OF STRUCTURAL ANALYSIS OF 
PLATE 

Result is showing us a fact sheet of our project at different 
stages. Result of structural analysis is come in various 
forms, but after all it decides the safety of Friction Stir 
Welded structure. After apply constraints and load on Plate 
model we get results by two kinds, (A): Displacement 
Vector Sum. And (B): Von Mises Stress. 

Here, five different criteria. According to UTS test 
we find the maximum load which the plate can withstand. 
We take five test one for base plate and other four of 
different plate, which was welded at different condition. We 
get different results by applying the data of experimental 
results and we compare that, whether the experimental 
results are correct or not. And using the software we also get 
where maximum deflection & stress are generated. 

A. Base Plate>> Load: - 3.8 KN 

 
Fig. 9: Displacement Vector Sum Image (Load 3.8kn) 
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B. Plate at (900 pm/50mm/min)>>Load:-3.1 KN 

 
Fig. 10: Displacement Vector Sum Image (Load 3.1kn) 

C. Plate at (900 rpm/63mm/min)>> Load: - 3.6 KN 

 
Fig. 11: Displacement Vector Sum Image (Load 3.6kn) 

D. Plate at (1200 rpm/50mm/min)>>  Load :- 3.2 KN 

 
Fig. 12: Displacement Vector Sum Image (Load 3.2kn) 

E. Plate at (1200 rpm/63mm/min)>> Load:-3.0 KN 

 
Fig. 13: Displacement Vector Sum Image (Load 3.0kn) 

F. Base Plate>> Load: - 3.8 KN 

 
Fig. 14: Von Mises Image for (Load 3.8kn) 

G. Plate at (900 pm/50mm/min)>>Load:-3.1 KN 

 
Fig. 15: Von Mises Image For (Load 3.1kn) 

Von Mises Stress: 
The von Mises Criterion (1913), also known as the 
maximum distortion energy criterion, octahedral shear stress 
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theory, or Maxwell-Huber-Hencky-von Mises theory, is 
often used to estimate the yield of ductile materials. Von 
mises stress is used as a criterion in a determining the onset 
of failure in ductile materials. 

H. Plate at (900 rpm/63mm/min)>> Load: - 3.6 KN 

 
Fig. 16: Von Mises Image for (Load 3.6kn) 

I. Plate at (1200 rpm/50mm/min)>> Load: - 3.2 KN 

 
Fig. 17: Von Mises Image for (Load 3.2kn) 

Plate at ( 1200 rpm/63mm/min)>> Load :-3.0 KN 

 
Fig. 18: Von Mises Image for (Load 3.0kn) 

 

V. CONCLUSION FROM ANALYSIS OF FSW PLATE 

A. RESULTS & DISCUSSION FOR FSW PLATE 

VON MISES STRESS (ANSYS-RESULTS) 

Load Applied (N) Min. stress 
(N/mm2) 

Max. stress 
(N/mm2) 

Node No. 
Max. Min. 

 

3800 1889.7 21846 535 357 

3100 1240.1 15670 630 297 
3600 1315.9 19537 132 572 
3200 963.95 17366 630 572 
3000 1491.9 17247 535 357 

After performing von mises stress analysis the above table 
according to the outcome results. These results show the 
maximum and minimum stresses that are developed on 
nodes after applying the load and then after comparing the 
results, we find it to be same as experimental one. The 
above listed table shows the different load applied at 
different welding parameters; here the values which are 
listed are obtained experimentally. The above values shown 
are the UTS point which are obtained experimentally. 

Here there is no need of considering the minimum 
stress as there will be no failure due to minimum stress. 

Now here consider the maximum stress as it 
indicates the possibility of failure. Theoretically we know 
that the base plate withstand maximum stress as compare to 
a welded plate, the same result is observed through analysis. 
Now after analyzing the plates welded using different 
welding parameters we get different values of maximum 
stress that can be withstander by them. Now comparing 
these results we find that the plate welded at ( 900rpm \ 63 
mm/min) gives the maximum stress value as compare to 
others and moreover the value obtained is nearly the same as 
base plate, and thus preferable. so we can conclude that at 
proper rotating & welding speed we can get more reliable 
joints.  
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