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Abstract
Friction stir welding is a solid-state
state welding process. Metals are basically joined by means of pressure
and frictional heat. In this present work dissimilar FSW joints are performed. One mild steel with one
stainless steel test samples are joined by frict
friction
ion stir welding in universal milling machine. Welding has
been performed on IS 2026 mild steel and AISI316 stainless steel series plates. A comparison experiment
for determination of tool wear and hardness has been performed by a WC based tool. The effect of each
process parameters on welding has been analysed separately
separately.

Introduction
In recent years, amplified amount of
observation has been provided to the studies
to reduce vehicle weights while maintaining
its strength and performance. One of the
major improvement is that using multi
multimaterial in parts. Using multiple material
can lead to weight reduction and also can
increase mechanical properties of the
corresponding part. For structural members
welding is one of the most important
production process. For creating permanent
joints welding is best suitable option. Again
for joining dissimilar
similar materials welding
faces challenges, for example TIG welding

can be used for joining low carbon steel with
stainless steel but distortion can occur in the
post welding phase as well as residual stress
can be increases.
To overcome this problems of welding a
new method has been arrived. Friction Stir
Welding is a solid state welding, which is
best suitable for joining dissimilar metals. In
FSW a rotating tool first plunges in the
joining line of two workpieces and then it
creates heat due to friction.
n. After a certain
time the tool starts moving along the joining
line and a stirring action has been developed
in the welding line. Due to this stirring
action atomic bonding has been created
between metal interfaces of the joining line.
And as the tool moves
ves forward the materials
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behind the tool gets joined to each other.
After some time when the welding length
has been crossed by the tool, it then
retracted and the welding is achieved. The
welding strength achieved by the process
depends upon process parameters, including
rotational speed, welding speed, plunge
depth, tool geometry, and tool material.
In this present work, FSW has been applied
to join low carbon steel IS 2062 with
stainless steel AISI 340l. To determine the
hardness at the welding samples at various
zones and to determine the tool wear rate
various combination experiments by
changing tool rotation speed and welding
speed with fixed plunged depth have been
performed.
Methodology
For the present investigation two dissimilar
materials are selected as a work piece plate
(stainless steel and mild steel). For joining
dissimilar materials like stainless steel and
mild steel, same size of workpiece has taken
for this investigation. Stainless steel plate
taken in advancing side and mild steel taken
in retreating side for this particular
investigation process. The dimension of
mild steel and stainless steel has taken as
200 mm length, 75 mm width and 2mm
thickness. High thermal conductivity results
in higher accumulation and dissipation of
heat from the leading edge to trailing edge.
This phenomenon is combined with
different welding speed aids in describe the
effective heat transfer from the workpiece to
the bottom of the weld plate. The work piece
is high strength alloy, so it has taken the tool

material as tungsten carbide. The chemical
composition of stainless steel, mild steel and
tool material are given by table 1, table 2
and table 3 respectively.
Lfsw TOOL DESIGN AND

DEVELOPMENT
Before preparing the tool, the tool material
selection is made very carefully as it is
known that the FSW of high strength alloy
PCBN and WC based tool has used. But,
PCBN tools are very costly and not easily
available in the market. So, a WC alloybased tool has used. A CAD model of tool is
shown in figure 1, 2.
After initial preparation, a diamond grinding
wheel is used to get the final shape of the
pin and stock length. The tool grinder
machine used with the diamond grinder
wheel. As the WC alloy-based material is
very tough with higher strength and
hardness, so it has grinded by a diamond
wheel grinder. The conical headed pin has
chosen for better material flow and mixing.
A dividing head is used to have a perfect pin
shape. The dividing head has mounted on
tool grinding machine, and an indexing plate
has attached with it. A special fixture has
made for holding the dividing plate on the
bed of the tool grinder. The worm gear is
installed inside the dividing head, when the
handle will turn 40 times the chuck as well
as the tool rotates 360̊. This is how the tool
is made. The operation on tool grinder
machine and the fixture are shown in figure
4.
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Clamping system design and fabrication
This is the most important part of this
system, because if the welding plate is not
tightened properly then the welding line is
moved. Due to this reason welding can be
damaged. That’s why a special fixture has
designed and made for proper holding of test
specimens.
So, the welding plate is placed together
and tight by the clamping system so that
resist with high force in it. The milling
machine have some grooving channels on it.
So, a base plate has been placed under the
welding plate and then a supporting system
is placed on welding plate. Four
intermediate chips are providing as same as
the thickness of the workpiece material. So,
that the plates are not moving due to
vibration occurs at the time of welding. For
the base metal the dimension has taken as
thickness 25 mm, width 200 mm and length
320 mm. to make the clamping system
drilling operation, plasma arc cutting
operation, CNC milling operation and
grinding operation has used.it has been
shown that nut bolt is used to attach the
clamping plate to the bed of the milling
machine. The supporting plate is taken to
hold the welding plate with the base plate.
Trial experiments
After the development of experimental setup
of FSW tool and clamping fixture, the trial
run for FSW has performed on joining of
two dissimilar metals (mild steel and
stainless steel) on universal milling machine.
Some trial runs are performed for choosing

the parameters range for this investigation.
In these trial runs the rotational speed of the
tool taken as 1050 rpm, 650 rpm, 500 rpm,
400 rpm and welding speeds are selected as
11 mm/min, 20 mm/min, 24 mm/min, and
30 mm/min. After 20 number of trial runs
the following results are obtained.






The tool holding set up has to tighten
properly because too much vibration
occurred during the welding.
In 400 rpm the spindle became stopped
due to excessive pressure and friction
generated at the time of welding. So,
we cannot take the tool revolution less
than 500 rpm.
In 30mm/min welding speed the tool
pin has damaged due to excessive
vibration generated on tool pin surface,
so we cannot take welding speed
beyond 24mm/min.

Process parameters and their
Levels
Based on the trial experiments two input
parameters have taken in 3 levels.
Based on the trial experiment it has been
shown that tool wear for FSW process is
very high. Furthermore, a large number of
experiments have to be carried out when
number of process parameters increases, to
solve this problem, the Taguchi method uses
a special design of orthogonal arrays to
study entire parameter space with a small
number of experiments only. L9 orthogonal
array of Taguchi DOE has been chosen to
perform experiments. Following table shows
L9orthogonal array of DOE [4]
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Results and discussions
All the trial experiments have completed as
discussed earlier, hardness is then measured
by Rockwell hardness tester B scale. Tool
wear rate has measured by weight
measurement method.
Visualization of material flow
The experiments have done as per the design
matrix that is mentioned earlier in the design
of experiments. All parameters have set
properly and then welding has done one by
one for dissimilar welding plates (mild steel
with stainless steel) and output data has
noted down. Figure 7, Figure 8 and Figure 9
are shown the pictorial view of welded joint.
Quantifation of tool wear
The tool is used for nine plate specimens.
The tool is resharpened after three
consecutive
experiments.
For
the
quantification of tool wear, weight loss
method is used. Before performing the
process, weight of tool is measured using a
weight measurement machine shown in
Figure no 10. Tool has been weighed before
and after the experiments. The percentage of
tool wear is calculated using equation.

The percentage of tool wear calculated for
different combination of parameters is given
in table 6.

In Figure no 11, it is clear that as tool
revolution increases, percentage of tool wear
increases. Wear rate is maximum when tool
rotation is 1050 rpm and welding speed 11
mm/min.
Hardness of welded samples
After the welding the hardness at various
zones of the samples are measured by
Rockwell hardness tester in B scale and the
data are noted and graphs are plotted. Table
7 and 8 shows hardness values in various
zones from the weld center line at 20
mm/min and 24 mm/min welding speed
Stainless steel plates has been kept at
advancing side and low carbon steel plates
has been placed at retreating side. The
hardness in the welding zone is of greatest
value for both the experiments. The
hardness in the zone just next to weld zone
in the retreating side that is in low carbon
steel plate is more than the hardness of base
metal. This is due to the fact that some
stainless steel material get mixed with low
carbon steel which in turn increases the
hardness in that zone. It is also noticeable
that at lower welding speed the hardness
values are more compared to higher welding
speed.
Conclusion
It is evidential that the tool wear decreases
with increasing welding speed and
decreasing tool revolution. Further with the
help of cooling system provided to the tool
will lead to decrease in tool wear. The
hardness at the welding zone increases for
low carbon steel by mixing with stainless
steel molecules. So if dissimilar joint
provided in a structural member the weight
also can be decrease because if a structure
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is made of stainless steel material welded
in both side, one may use low carbon steel
on the other side to reduce the weight.
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Figure 1: Design of the WC based tool

Figure 2: CAD model of tool’
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Figure 3: Finished tool
Figure 4: Tool grinding operation

Figure 5: CAD model of the fixture
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Table 4: Level of input process parameters
Parameters
Welding

Lower

Intermediate

Top

value

value

level

11

20

speed

24

(mm/min)
Tool
revolution

650
500

1050

(RPM)

Table 5: Design of Experiments (L9 orthogonal array)

Exp. no Tool revolution (RPM) Welding Speed (mm/min)
1
500
11
2
650
11
3
1050
11
4
500
20
5
650
20
6
1050
20
7
500
24
8
650
24
9
1050
24

Figure 7: Welding samples at tool revolution 1050 rpm and welding speeds are 11 mm/min, 20 mm/min,
and 24 mm/min
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Figure 8: Welding samples at tool revolution 650 rpm and welding speeds are 11 mm/min, 20 mm/min,
and 24 mm/min.

Figure 9: Welding samples at tool revolution 500 rpm and welding speeds are 11 mm/min, 20 mm/min,
and 24 mm/min.

Figure 10: Weighting machine
Table 6: Percentage of tool wear
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1
2
3

Tool
revolution
(RPM)
1050
1050
1050

4
5
6

650
650
650

7
8
9

500
500
500

Exp.
No.

Welding
Tool
speed
weight(Before)
(mm/min)
gm
11
193.823
20
193.405
24
193.055
Tool Resharpening
11
190.728
20
190.518
24
190.232
Tool Resharpening
11
185.656
20
185.487
24
185.395

Tool weight
(After) gm

Tool wear (%)

193.405
193.055
192.824

0.22
0.18
0.12

190.518
190.232
190.022

0.14
0.15
0.11

185.487
185.395
185.225

0.09
0.05
0.04

Figure 11
11: Tool revolution (rpm) vs. % of tool wear

Figure 12
12: Welding speed (mm/min) vs. % of tool wear
Table 7:: Rockwell hardness values at different zones from weld center line at 20 mm/min welding speed
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Table 8:: Rockwell hardness values at different zones from weld center line at 24 mm/min welding speed

Figure 13:: Distance vs hardness plot at various zones at 20 mm/min welding speed
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Figure 14:: Distance vs hardness plot at various zones at 20 mm/min welding speed
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