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Manufacturing sector is rapidly increased after the 2nd world war across the worldwide. In today’s
world it is essential to compete with the world to improve the manufacturing sector. Present era is known as the
fourth industrial revolution across the globe where modern technologies like; Artificial Intelligence is used in
manufacturing sector this technology maximize the output with minimum error. Various type of operation are
operated with the help of Artificial Intelligence. These technologies also define which type of material is suitable for
tool manufacturing. Due to this specific material is used for tool manufacturing. This factor is increase the life of the
tool which is used in FSW process.

The pattern of variation of percent elongation of the material, which is to be welded. Initially the Tool Rotation
Speed (TRS) is constant at Welding Speeds (WS), at the certain limits when WS is increased the percentage of
elongation of material is also increases for all TRS values. Further when the welding speed(WS) of material is
increased beyond a certain limit the percentage of elongation of the material which is to be welded is decreased.
This elongation is define by various factors like microstructure of grain, size of grain, tensile strength of the material
etc. The increased welding speed causes heating of the tool due to this factor tool life is also reduced. If proper heat
is not provided during the operation resulting in poor flow of plastic and clustering of precipitates. This reduces
percentage of elongation material, which is welded.

FSW process, Rotation of Tool, Tool Speed, various properties of tool, Aluminumalloy.

Introductio

In today’s world where every sector emerging rapidly in last three decade. Science and Technology rapidly change
the world. Manufacturing sector is one of the field which is rapidly grow and fulfill the requirements. Now world is
reaches in the fourth Industrial Revolution where Artificial Intelligence play important role to run the Industry. It is
very easy to operate various operating system with the help of programming which are programmed in a computer
system. FSW process is also a advance mechanism to weld the two metals whose properties maybe same or not.
Tool Rotation and its speed an important factor in FSW process. TRS shows its relation with the WS of the
material. The elongation of welded joint is depends on the WS as well as TRS. Initially when WS is increases at
certain limits TRS is constant and elongation of welded joint takes place which is depends on heat generated when
metal and tool are in contact during the welding process but, when further WS is increases to the certain limits the
percent of elongation of weld joint due to TRS is increases it means WS is directly proportional to the TRS at that
point. But when WS is further increases beyond that certain limit. The percent of elongation of weld joint decreases,
this define when WS is beyond that certain point is inversely proportional to the TRS.

This phenomenon define that welding speed shows the various characteristics of TRS and it either increases or
decreases the elongation of weld joints as per the requirement. Tool rotation speed is used for weld the joints. The
material which is used for tool making have ductility, high stiffness, high melting point, etc. as compare to those
materials where welding process takes place. If tool is made by low quality of material, it may be break during
operation it means its life is small as compare to the standard tool.

Friction Stir Welding (FSW) Process is the phenomena where two metals are contact with each other, due to that
heat is produced between the material because of friction which is occurs due to their contact. In present scenario
welding process is depends on various factor which may be the microstructural characteristics of material which is
to be welded, material of the tool, TRS, WS also in which method to weld the materials like manually or by using
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Artificial Intelligence. Artificial Intelligence brings boom in the various sectors like; in manufacturing sector where
various operations are takes place with the help of programming. This phenomenon increases the quality and
productivity of the products in manufacturing sector with minimum error.

Artificial Intelligence also play vital role in adjusting the tool rotation speed as per the requirement during the FSW
process of Aluminum alloy. We know that TRS is depends on the WS, so with the help of Al it is very easy to
regulate the tool rotation speed.
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1.0 Literature Revie

We study the effects of tool rotation during FSW process. Where we study that which type of material is used for
making tool and it also noted that tool must be heat resistant because during friction metal, which is welded, is
heated due to this heat metal is melted and it is easily welded by FSW process. The TRS varies with the WS, as we
study earlier. We have worked in different parameter of FSW process and their effect in the weld properties. The
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analysis of heat transfer during welding process helps to analyze the efficiency of joint of the weld. As we know that
there are residual stresses is produced during welding processes which is unwanted stresses in the weld material
because of uneven heating of the part during welding process can be analyzed by heat transfer analysis. In this
chapter, we concerned to analyze the butt joint of two similar material as well as also referred the processes involved
for dissimilar material to join. Many researchers performed their work to analy ze the different properties like tensile
strength, hardness as well as microstructure of heat-affected zone but very few one tried to analyze various
properties of weld zones because of intense heating of the weld material. But it is quite clear that the friction stir
welding processes used to join the different variety of material but it is more suitable to join the aluminum alloys
which is found by many researcher during their work.

Ericsson M. etal studied the FSW process parameters and their effect of variation on the strength of the weld and
their microstructural behavior and also tried to analyze the difference with this welding to MIG welding as well as
TIG welding. As we know that, the speed of weld is a very important parameter, which affect the properties of the
weld.

Mahoney et al (1998b) studied the effect of FSW and subsequent thermal aging on the longitudinal and transverse
properties of 7075T651 aluminum alloy. The HAZ was found to be the weakest zone with a decrease in ultimate
tensile strength and yield strength in longitudinal tensile tests. [2].

Rhodes et al (1997) joined AA7075 plates using FSW process where speed of welding is 5 min/min and due to this
speed, alloys change its microstructural properties during FSW process. [3].

Sutton et al (2004) study the microstructural features of FSW process of AA2024 Al alloy. Microstructural bands
with regions rich and poor in hard particles were observed alternately and related to onion ring pattern. [5].

Krishnan (2002) study the making of rings of onion, their significance and effect on properties of FSW process.
Due to rotation of tool, heat is generated because of friction heating due to this process and the movement of tool in
forward direction forms the onion ring [6]. Krishnan, K. N. (2002).

Sato et al (2002) FSW aluminum alloy 6063 at temper condition of T4 and T5 at different rotation speeds. Increase
in rotation speed causes maximize the temperature of welding process due to this fact exponential increases the size
of grain. [8]. Sato, Y. S., Urata, M., & Kokawa, H. (2002).

Peel et al (2003) FSW process on AA5083 alloys of aluminum under varying conditions. The effect of WS on the
microstructural strength, ductility, heat resistance and stiffness of the material was studied. [9].

Arora et al (2010) adapted milling machine is used for FSW weld Al alloy. Frictional heat and defor mation resulted
in microstructural change on thermos mechanically affected zone. Rotational speed and shoulder diameter affects
the force in welding direction. Shoulder diameter and welding speed are major factors, which define the
microstructural properties of the material [16].

2.0 Objective of the stud

We study the Friction Stir welding process. This process is generally based on how to weld the material. In FSW
process various factors are involve like; strength of material, stiffness, hardness, melting point of the material etc.
Tool rotation speed (TRS) also play vital role in welding process. We studied that tool rotation speed (TRS) is
depends on the Welding Speed (WS). In initially when Welding Speed in increased the Tool Rotation Speed (TRS)
is constant, further when WS is increased to 40 mm/min the percentage of elongation of the material is increase to
all TRS value, it means Welding Speed is directly proportional to TRS value. Further WS is increased to 60 mm/min
elongation is decreased at all TRS values; in that case WS is inversely proportional to TRS value. Elongation of
material during welding process can be regulated with the help of Tool Rotation Speed (TRS)

3.0 Methodolog

As we studied the various literature, we found various properties of the material like; microstructural property, fine
grain size, tensile strength, heat resistance of the aluminumalloys. With the help of its microstructural properties, we
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improved strength and ductility of the material as per our requirement. We also studied that welding speed (WS) and
tool rotation speed (TRS) are depends on each other. Welding speed is regulated by the TRS and vice -versa.

4.0 Experimental Work

In previous section, we study the available literature on friction welding of similar and various types of aluminum
alloys, FSW is critical enabling the integration of the welding of aluminum material in a wide range of applications
in various sectors like; aerodynamics, automobile, shipping sectors etc., the growth of the microstructure, structure
and size of grain, the mechanical properties like; strength, ductility, stiffness etc. and the various parameters for
using heat transfer as well as material flow and statistical modeling. In this chapter we find some ideas about the
composition and properties of the base material, with the help of these factors material is modify as per the
requirement in the FSW process, the dimension of parts and details of the tool used, various tests of welding process
are performed, Design of thermocouple, tensile strength tests, characterization microstructure and measurement of
micro hardness. To obtained percentage elongation of welded joints and tensile strength of the material used for
developing regression models for welding process.

Table: 1 FSW parameters and levels

S.N. Parameter Low (-1) Medium (0) High (+1)
1. TRS (rpm) 900 1100 1300
WS (mm/min) 22 38 72
SD (mm) 16 18 20
Table: 2 Design Matrix and Experimental Procedure
Exp. No TRS (RPM) WS (mm/min) SD (mm)
1 900 22 16
2 1100 37 16
3 1300 52 16
4 900 58 18
5 1100 38 18
6 1300 68 18
7 900 60 20
8 1100 68 20
9 1300 72 20
10 900 62 17.5

Figure shows friction stir welding joint
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Table: 4 tensile test result
Expt.N. TRS (RPM) WS (mm/min) SD (mm) UTS (MPa)
1 900 22 16 154
2 1100 37 16 176
3 1300 52 16 198
4 900 26 18 143
5 1100 38 18 205
6 1300 68 18 223
7 900 60 20 179
8 1100 66 20 183
9 1300 72 20 187
10 900 62 175 159

As we studied that Tool Rotation Speed (TRS) is play vital role in FSW process where material, which is to be
welded, depends on its microstructural grain size, fatigue, tensile strength, ductility etc. during research we found
that WS of the material is regulated by the TRS and vice versa.
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