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Design and Optimization of Friction Stir Welding

Rakshith Gangadhariah?

Abstract: The geometry of the instruments plays a
fundamental part in the friction stir welding method in
order to achieve the necessary microstructures in the
welding field. In this work an attempt was made to pick the
right FSW method to achieve an outstanding solder aspect
without vacuum, cracking or distortion Aluminum alloy.
Aluminums. We have therefore implemented a protection
system in the tool to prevent premature harm and
calculate the application Duck. The upgraded instrument
was tested on aluminum sheets AA2024-T4 and AA7075-
T6. The output of the solder was measured Analysis of
microstructure and measures of microstructure. The
opportunity to improve the welding pace and the
improvements in the glass planes Mixed component
orientation of the thermo-mechanically influenced field
and grains in micrographs emphasizes the pin impact
Geometry and displacement in geometry. The curve of
microhardness has strong mechanical characteristics.
Finally, the findings achieved indicate really strong welds
Qualities this research brings up fresh and fascinating
points of view.

Introduction

Friction stir (FSW) welding is taken into account
in Innovative aeronautical and automobile sectors Phase
since it helps high intensity to be mixed Aluminum alloys
including sequence 2000, 7000 and others Metal alloys
that are usually unlikely to be considered Sweetened by
popular methods of fusion. As FSW is also a typical joining
of laser beam welding, Aeronautical procedure (fuselage
and wing), and traditional riveting used in can be
substituted Components of the airframelt needs less than
laser fuel. Professional software (only 2.5 percent of the
laser energy is used). It also manufactures components
that are welded without toxic gasses or solid wastes and
no Steel filler is marketed. This approach also avoids
compatibility concerns with the welding process in the
shape of metal compositions. It has a great influence on
other fusions during the final soldering process. A specially
built revolving mechanism is used in the FSW process
unusable method for friction heat production Piece of job.
This spinning tool is responsible for local improvements in
Mechanical deformation of the welded material and heat
transfer. And the propagation of heat. The key component
of the technique is a friction mechanism with two
conventional components. The first is the rotary profile pin
on the part's Axis profile. The second element of the
instrument is the shoulder. The shoulder is the normal
surface of the instrument and the rotary axis. When the
workpieces are in touch with the instrument, then the pin

to the work pieces is placed in a high degree and well
controlled corner rate. The spinning machine is then
driven along the joint line, deforming the substance by its
passage, leaving behind a formed solder a relatively
powerful forging force used to retain the optimum contact
between the shoulder and working surfaces (Fig. 1).
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Figure 1(Basic process FSW)

Retreating side

Welding direction

Advancing side

The temperature is lower during the FSW process
the substance freezing point (80% of its melting) object.
The substance makes the heat transfer Mechanically stir
the soft substance by turning tool to the back of the pin,
where it is strengthened to form a connection with a
metallurgical region. There are the following: The heat
damaged region areas are established (HAZ) and the heat-
impacted region (TMAZ) within the area of the nugget.
Therefore, all the geometry The FSW mechanism involves
the shoulder and pin. Thus, geometric parameters depend
on the welded joint the height of the tool, the type of the
pin, and the top of the head of the elbow. Pace of spinning,
improvement on the revolving tool, pace and force are
overlaid Over the duration of the operation. Few
publications have been published in the large literature the
development phase of the FSW tool has been processed
and the geometry influence of the instrument on the
mechanism was studied. ELE Many contributions from
studies have shown that concave Cylindrical pins are
commonly used for shoulder and cord. Complex pin types
were subsequently created Change the movement of
inventory, blend and process load reduction. Whorl TM
and its version were performed by Tomas etal. To show
fewer content than MX Triflute TM pins Popular pin with
the same diameter of root. In general, the displaced
amount of the Whorl TM falls by about 60%. The MX
Triflute TM decreases moving volume by About 70%. In

© 2021, IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 683



‘l’ International Research Journal of Engineering and Technology (IRJET)

JET Volume: 08 Issue: 01 | Jan 2021

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

addition, both pins will lower welding power, making it
simpler to spur down, to make flow easier of substance
plasticized and raise interface pin and content, thus
growing heat Age. - Generation. The MX triflute TM was
illustrated by Rowe et al. May manufacture a stronger butt
weld with than Whorl TM Sweating area smaller and more
in parallel. For the round Welding, the area of weld
diameter should be expanded a stronger bond to achieve.
Therefore, Rowe etal. And recently developed by Tomas et
al. The Flared Triflute TM flute with 2 new pin geometries:
lands flared out with pin axis and A-skew TMS lightly
rotated to the spindle axis of the unit. As The outcome and
the traditional threaded pin contrasted, A-skew TM and
Flared-Trifute TM pins may be enhanced over 100%
welding speed, approximately 20% axial force reduction.
Enlarge field of welding, minimize thinning of the top plate
and Providing forging orbital activity on the sold root.
Furthermore, the authors demonstrate the Reversal Stir
Welding Technique for their original research (Re-stir TM).
There are the following: The following reference often
discusses concepts. Conceptions. Thomas et al. are also
involved in a current method used for the usage of two
spinning pins Only accomplish the sold. They will either be
in tandem or as a transverse side by side parallel to the
path of welding Even for a double sell hand concurrently.
Therefore, everyone Counter-rotating mechanisms lead to
the torque reduction needed during processing to protect
machine plates. This approach is not yet completely
utilized, however, since More than one revolving pin is of
the complexity. For design by modelling and numeric
Simulation, certain outstanding studies may be alluded to.
Smuggling ET al. using DEFORM3DT Model Continuum
FEM commercial FEA tools. This is what we are all about.
Studies the impact of the pin angle and Advancing speed
on multiple temperature parameters Distribution,
distribution of hydrostatic stress, stress intensity, Powers
downwards and upward. In end, they researched Effect on
the distribution of expected grains scale. The consequence
Require optimal geometry and speed of the tool to be
found to boost welded aluminum nugget integrity

Allied. Buffa et al. is involved in other works, Sheets with
varying thickness ratios welded in particular. Numerical
calculations are carried out to model this Method viability,
the actual welded form White and primary method
variables distribution. Other experiments are currently
being studied to strengthen and expand the ability of
welding equipment, including improved usury resistance
and high melting point welding materials. Additional
analysis reveals that, compared with the traditional FSW
technique. No published article was found specifically
based on the safety question in this bibliographic review
(security). That means shielding the soldering tool and
frying machine against any harm incurred by an
unnecessary forging force during the process. Except for

Buffa et al, who only said that the tool/pin is subjected to
tremendous force during the FSW process if the
mechanical strength is not adequate. It was also found that
the vertical force on the instrument (total 5000-6000 N) is
higher than the forward force (total 900 N). This article
aims to provide the first-ever, in the CSC Research Center,
tool of FSW with changed from lock, an optimized
configuration as well as an adjusted length mechanism,
such that workpiece soldering is feasible over a multiple
depth. We included "A shaft-spring-based system" in the
keeping tool, which seeks to protect against premature
injury. We may also measure vertical stress with this
method and hence the pressure exerted while welding on
the work parts. Two aluminum plate alloys (AA2024-T4
and AA7075-T6) with separate spaces were checked on
the enhanced FSW tool. The consistency and properties of
the weld were tested by micro-structural testing and
micro- hardness measurements.

Experimental Process
Tool Design

A different shoulder is used with the tool. From
the pin to authorize the manual adaptive pin duration and
the various thicknesses of the soldering disks. The system
is Composed mainly by: (1) tool holder portion, (2) shaft,
(3) key, (5) shoulder and pin; and (2) pin and (4) pin (6)
Grub screw used to minimize the shoulder pin position a
duration you like (Fig. 2). A triflute style pin was used for a
stronger weld [Fig.] with a conical threaded geometry.
Three(b) is the first tool with a regular shoulder pin built
[18] [Mllustration. 3(a), 3(a)). It enables an improvement in
the speed, reduces the asymmetry in the welding area and
improves the features of the tensile. The tool components
are also worn at high temperatures throughout the FSW. It
is then made out of alloys of strong wear tolerance and its
quick loss can be minimized. In order to minimize wear
impact, the design of tool geometry is also important. Most
FSW tool components were developed in our case E24
Mild steel but constructed of processed 42CD4 steel "Low-
Alloy-Medium Carbon Steel” the shoulder and pin content
(NF A 35-552 standard). Table 1.

Shoulder 'Y,

Pin

Figure 2(Main element of absorber system)
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(a)

Figure 3(FSW tool shoulders (a) set regular and (b)
modified pin)

Shows their chemicals in the wt% - paral0-2. Last but not
least There will also be two thermal treatment elements to
boost its The E24 mild steel has mechanical properties: the
tensile strength Rm = 340 MPa, rating strength RP = 235
MPa, density r = 7850 kg/m3, the Young's module E =
210000 MPa and the Poisson ratio n = 03. 42 CD4 steel's
mechanical and thermal characteristics these are the:
ultimate tensile strength Rm = 814 MPa; density r = 8,850
kg/m3; yield tension Re = 485 MPa; elasticity module E =
205,000MPa; Poisson ratio n = 03; basic hot weight C =
450-560 ] - Kg-1 K, hot wearing resistance K = 32-40. In
general, to ensure successful lifetime of the FSW tool we
choose tools and the wear resistance. However, due to
unnecessary loading the FSW tool must be secured from
injury. Therefore, we produced a Tool holder function that
compensates for Vertical load surpassed added to the tool
FSW. As illustrated In Figs. In Figs. 2 and 3 comprise
mainly of some of the elements described the spring above,
as the spring of two separate diameters 'K' with a rigidity
rate, a grub screw and a lock object to the holder. To the
holder. The shaft is linked by a Tie and fixed by a key to the
holder of the tool, so your relative Rotation is omitted but a
relative translation is allowed Parallel to the Z line,
rotation. That's the way a measured pressure spring
wanted. It's still there over compression opportunities.
Spring would nonetheless be Attach some load or shock
practiced. The latter may be induced by false user
clamping or errors Manipulation. Manipulation. The
principal features of the spring are: G = 83000 MPa,
external diameter D = 83000 MPa 27 mm, permitted
spring deformation 1 = 20 mm, and the K = 18 N/mm
rigidity rate. This method also helps the applied powers to
be analyzed the application between the instrument and
the workpieces Welding strain. Pressure. L's worth is very
adequate Our requirement. For our submission. If the plate
thickness is larger, we suggest to raise the spring by more
than 10 mm. Rigidity or to allow more spring in the tool
design Extension, since all traits may be improved. The
first FSW shoulders with a fixed are seen in Figure 3

Common pin (3a) used in previous and the standard pin
Last updated (3b) installed in this work. The Wink The

used pin must have a slightly duration and is designed for
20 < 95 per cent by scale, below the sheet thickness.
Another shoulder with a smaller one should be
remembered. [Fig.]. 3(b)] to ensure the heat needed 5 mm
wide sheets for AA7075-T6 welding. The strain on the
sheets on the Z axis may be applied be as follows
calculated:

p = E s
TaBLE 1.—Chemical compositions in wi% x 1072 of 42CD4 steel and E24 mild steel.
Elements (wt%) x 1072 [ Mn Si S P Ni Cr Mo Cu Al
42CD4 425 749 266 29 16 232 118 154 227 727
E24 17 110 03 025 04 - - - - 01
TaBLE 2.—Compositions in wi% of AA2024 and AA7075 alloys.
Element Cu Fe Si Cr Mg Mn Zn Ti
2024-T4 3.84.9 0.5 0.5 0.1 1.2-1.8 0.3-0.9 0.25 0.15
7075-T6 1.2-2 0.5 0.4 0.1-0.28 2.1-29 0.3 5.1-6.1 0.z
TABLE 3.—Sheets thickness, tool sizes, and welding parameters.
Shoulder Rotation Applied
Thickness Pin dimension diameter speed (rpm Adv. speed pressure
Material (mm) (mm) (mm) or tr/min) (mm/min) (MPa)
2024-T4 1.6 L=12.D=6 20 1400 16 10.90
2024-T4 1.6 L=12D=6 20 2000 16 10.90
7075-T6 5 L=4D=35 35 2000 16 10.49
where
2
g TD
F =K x AL

F is the power applied in this case. The full load is 360 N, S
is the region of the spring pin, D is the diameter pin and
the spring stiffness K. We speak to the following people
regarding our condition.

Machine and Clamping

FSW welding was conducted primarily on
different tooling machines, in particular on frying
machines with modified frames. A spacer was used to
repair the specimens to be sold on a framing system with a
peak strength of 5 KW in its motor, a spinning rate of 45 to
2000 rpm and a speed of 16 to 100 mm/min for advancing
tool speed. A mixture of extrusion and this welding is a
solid-state weld between pin/shoulder and anvil.

Material and Welding Parameter

AA2024-T4 had been subjected to a temperature
T4 treatment, which involves solutionisation, cooling in
water and aging, which was substantially the alloy for
aluminum and copper used in this analysis. The second
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substance is an aluminum and zinc alloy that has been
exposed to a T6 heat therapy consisting of solubilization,
water quenching and artificial aging. The two alloys have
lightness and mechanical properties. Sometimes in
aeronautical systems including fuselage and wings they
are used. Table 2 indicates the nominal alloy structure. The
sheets were soaked and the rotation just varied. Table 3
describes with the welding parameters the principal
geometric aspects of the tool. The length and diameter of
the pin of L. and Dare.Results and Discussion

First welding Result

The option of soldering parameters was random
for the first soldering test. As seen in Figure, the findings
obtained are not adequate. 4. We can see the solder is full,
but [Figure] it is depressed. 4(a)] and halted fusion [Fig.
4(a)]. Four (b). The lack of pressure on the sheets allows
this to decrease the thermal supply. On the top surface of
the welding bond macro defects are noted [Figure. (3)(c))).
The results reveal that, regardless of the bad option for
welder parameters, the instruments acquire defects. These
flaws are commonly correlated with plastic flow processes
and have a major impact when confirmed upon crack
trajectories.

Figure 4(First Results)

FSW TOOL Configuration AND OPTIMIZATION

17/06/2007 10:38°

Figure 5(—AA7075-T6 welded sheets with a rotation
speed equal to

“”

17/06/2007 13:34

Figure 6(Sweat sheets with a pace equivalent to AA2024-T4)
Optimal Welding Parameters

We may achieve a smooth joint with the right
parameters from the preceding experiments. In the videos.
We reflect 5-7 welding efficiency at two separate turning
rates, 1400 and 2000 rpm, on AA 2024-T4 and AA 7075-T6
sheets. We note that the joints are very strong and the
surface is smooth and very low. The improvement in
rotation speed, as seen in Fig, permits further frictional
heat input through the shoulder. 6. So, at a slow movement
pace, comparatively high pressure and high rotation speed,
we attain outstanding soldering appearance without
vacuum, cracking or distortion.

Microstructure profiles

The simulation of active soldering is done on a
transversal joint Cut perpendicular to the welding process,
protect, polish and etching "Killer's" chemical design, 2 ml
HF, 3ml HCL, 20ml Nitric Acid Regency" Reagent: (conc.),
190 ml of water for 20 to 30 sts of distilled water)
Temperature setting.:

FIGURE 6.—AA2024-T4 welded sheets with a rotation speed equal to
2000 rpm.

The macrostructure of a sudden joint in which the
dark portion is the FSW sold is seen in Figure 8(a). This
area is marginally greater in size (upper and lower widths)
than the shoulder and pin diameter (0.5 mm) and in
accordance with the result defined by Daqing et al. Fig.
AA2024-T4 joint has three distinct microstructure regions:
HAZ, TMAZ, and Nugget (stirred) field. The last two zones
are demonstrated. Figure 8(c) on a scale of 200 livres
(enlargement) is corresponding to the binding zone; the
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joint, because of its thermomechanical stir and dynamic
recrystallizing, is badly deformed with an extremely
polished and fitted grain framework. Xu et al. make the
same remarks. In the photo. A light asymmetry between
advancing and withdrawing faces is seen on scale 50 puffs
for AA7075-T6 enters. The friction heat generated by the
shoulder and the deformation caused by the pin affect both
TMAZ and the nugget field. Changing the direction of the
crystalline planes may also note the influence of the pin
movement in the agitated region. Often, a major impact is
induced by a greater centrifugal force in fluid movement
on the top of a soil compared with the floor. Furthermore,
a somewhat broader HAZ than fusion soldering processes
is found. The high temperature and the extreme plastic
deformation affect the microstructure area, with
differences in grain sizes relative to the base metal (Fig.
10). The Device Nugget Zone/TMAZ is clearly seen in
Figure 10(c) (bind zone). In addition, during welding some
precipitated dissolution can occur in and around the
stirred field.

Microhardness measurements

The microhardness data of Vickers come from a
200 g and 0.5 mm test load on polished weld surface using
a microhardness test tester. The average micro-hardness is
also seen in contrast with parent metal (Figs. 11 and 12).
The microhardness data indicate that the nugget region
improves and the parent metal has exactly the same
amount. HAZ and TMAZ are the lowest micro-hardness.

FIGURE 8.—(a) Cross-section of weld joint; (b) Microstructure of the AA2024-T4 welding joint; and (c) Bind zone.

Retreating side Advancing side

FIGURE 10.—Microstructure of AAT07S-T6 welding joint: (a) base metal (500 ); (b) nugget zone (500 ); and (¢) bind zone (nugget zone/TMAZ) (200 )

The microhardness profile has been seriously impaired
Rush delivery (of certain alloy elements) instead.
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FiGure 11.—Microhardness curve across the AA2024-T4 weld.

Then grain size on the nugget area. These results were also
verified by Mishra et al., where the lower value of AA2024-
T4 was around 111 HV (Fig. 11) and AA7075-T6 was about
118 HV (Fig. 12). As a result of the thermal effect and
chemistry of the soldering phases, the AA 7075-T6 is
marked by a strong local softening of the substrate to the
joint compared to AA 202024-T4. We also remember that
the micro-hardness value of the retreat was lower due to
the content that was drawn along the back of the hammer
and that collected on the forward side of the seller from
the return side of the seller during welding.

Conclusions

We must find optimum tool geometry, incremental
a rotational rate, and sufficient pressure in order to
increase the performance of the joint and, thus, the nugget
integrity of aluminum alloys. It was the instrument.

AA7075-T6
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FIGURE 12.—Microhardness curve across the AA7075-T6 weld.

Safeguarded by a scheme for vertical
compensation Excessive load and avoiding premature
welding Loss. Damage. Results confirm that a pin tool with
a triflute form Geometry of conical threads generated
within this system Requires nice sold to be manufactured.
It makes it easier to raise the amount of pace advance
thanks to the displaced people's reduction Volume
decreases the asymmetry of the offered area Enter,
upgrade mechanical characteristics. Rather sluggish flight,
comparatively high pressure and we can get a better weld
appearance at high rotation speed No emptying, splitting,
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or distortion. In the nugget region, recrystallization
phenomena occur. Tool geometries and relevant FSW
parameters Get the stirred region with the smallest
equiaxed grain scale. Inhomogeneous microhardness
values are decreased the advancement and retreat sides
received. This results in this the material's mechanical
properties are significantly diminished. In the future, we
recommend an automated retracting pin to keep the
escape hole from developing Finish joint and incorporate a
soldering device High fusion point product.
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