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ABSTRACT

Friction-stir welding (FSW) is a solid-state joining
process (the metal is not melted) and is used when the
original metal characteristics must remain unchanged
as much as possible. It mechanically intermixes the two
pieces of metal at the place of the join, then softens
them so the metal can be fused using mechanical
pressure, much like joining clay, dough, or plasticine.
It is primarily used on aluminum, and most often on
large pieces that cannot be easily heat-treated after
welding to recover temper characteristics.

The aim of this paper is to investigate analytically
friction stir welding of two dissimilar materials
aluminum alloys 5083 and copper using different pin
profiles, square, round, taper, thread and triangle. The
analysis is done using different rotational speeds
700rpm, 1150rpm and 1350rpm. The plate sizes are
50mmX80mmX2mm. The tool material is H13 steel.
The tool shoulder dia is 24mm, tool pin dia is 5mm, pin
length is 1.7mm.

Modeling is done in Catia and analysis is done in
Ansys.

INTRODUCTION

Friction-stir welding (FSW) is a solid-state joining
process (meaning the metal is not melted during the
process) and is used for applications where the original
metal characteristics must remain unchanged as far as
possible. This process is primarily used on aluminum,
and most often on large pieces which cannot be easily
heat treated post weld to recover temper characteristics.
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Schematic diagram of the FSW process: (A) Two
discrete metal workpieces butted together, along with the

tool (with a probe).
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(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
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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.

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 plasticised 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
plasticised 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.

3D MODELING OF CUTTING TOOL AND
WORKPIECE

MODEL OF CUTTING TOOL

Round tool
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Thread tool STRUCTURAL ANALYSIS OF TOOL AND
WORKPIECE ASSEMBLY

SPEED - 700 rpm

ROUND TOOL

Geometry

75 —

—r Meshed file

Triangular tool
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Stress

3931189
3.4397e9
2948489
2.457e8
1.9656e9
1.4742e9
9527988
4913908
2787.8 Min

Strain

) 0.073431 Max
0.065272
0.057113
0.048854
0.040795
0.032636
0.024477
0.016318
0.0081591
4.5115e-8 Min

Total deformation

3.6021 Min
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Directional deformation

) 3.6993 Max
3.6606
36219
35832
3.5445
35059
3.4672
3.4285
3.3898
3.3511 Min

SPEED -1150 rpm
ROUND TOOL
Stress

1.1936e10 Max
1.061e10
9.2836e9
7.9574e9
6.6311e9
5.3049e9
3.9787e9
2.6525e9
1.3262e9
7524 Min

_ 0.19818 Max
017616
015414
0.13212
0.1101
0.088082
0.066062
0.044041
0.022021
1.2176e-7 Min
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Total deformation

10.146
10.061
9.9763
9.8914
9.8065
9.7217 Min

Directional deformation

9.7753
9.6708
9.5664
9.462

9.3576
9.2532
9.1488
9.0444 Min

SPEED -1350 rpm
ROUND TOOL
Stress

9.

7.3113e8
5.4835e9
3.6557e9
1.8278e9
10370 Min
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Strain

0.18209
015175
01214
0.091047
0.060698
0.030348

1.6781e-7 Min

Total deformation

17
14.1
13.983
13.8686
13.748
13632
13.516
13.399 Min

Directional deformation

13.328

13.185
13.041
12.897
12.753
12.609
12.465 Min
¥
Lt
X
RESULT TABLES
STRUCTURAL ANALYSIS
Round tool
Deformation (m) Stress (Pa) Strain
At 700 rpm 3.8851 14229 0.073431
At 1130 rpm 10.436 1.193e10 0.15818
At 1330 rpm 14431 1.645¢10 0.27314
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Square tool 2
Deformation (m) ] Stress (Pa) Strain
AtT00rpm 58302 108278 0.0010161
At1150 rpm FERER 252268 0.00274%3
At1350 rpm 21.687 4.027e8 0.0037754 2700 rpm
Taper tool u1150rpm
Deformation (m) Stress (Pa) Strain Fa3s0rem
At700 rpm 38017 15075 00272
At1130 rpm 10261 ) 0061324
At1330 rpm 4141 70555 0084318 |
Th read tool round tool square tool tapper tool threadtool  triangular toaol
Deformation (m) Stress (Pa) Strain
AtT00 rpm 38851 140058 1073831 CONCLUSION
::i;;ﬁgﬁ :jjff i;jj:g g:gi:j In this thesis, 5 types of cutting tools Round, Round
taper, Square, Triangle and Thread for performing
Triangle tool Friction Stir Welding is designed and analyzed for the
Deformation (m) Stress (Pa) Strain mechanical ~ properties. Modeling is done in
At700 rpm 5.766 6.536e8 0.00541%6 Pro/Engineer.
At1150 rpm 1336 1764269 0.014627
AL rpm A i M FEA Structural analysis is done using all the tools for
welding of aluminum alloy 6061 and copper rotating at
GRAPHS speeds of 700rpm, 1150rpm and 1350rpm.
L80E+10
HooEe By observing the analysis results, square tool has less
e stresses than other tools but practically using square tool
LR is difficult since the welding area of the tool is more and
;::::: o more material will be taken off which needs more holder
I w1350 pm diameter, so more speed is required. The triangle tool
4005205 | has also has less stresses but the disadvantage is that its
2.00E405 | welding is less; because tool is difficult since the
0.00E+00 A welding area of the tool is less. The round tool is better
reundtocl - suaretoel tappertocl - thresdtoel trangdlar tocl by analysis as it si easily manufactured and the welding
will be done as per the best area without the wastage of
03 material and preferable for all speeds..
So for using Friction Stir Welding, round cutting tool is
more effective than other cutting tools.
700 rpm
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