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Characteristic Analysis and Optimization of Aluminium and Titanium
Composed Joining by Friction Stir Welding

1. Background of the Problem

There is a high demand for combination of light weight alloys in modern Technological growth. In the aerospace,
automobile and shipbuilding industries there is a need of Combinations of light weight alloys In all these
applications it becomes necessary to get the higher performance of the welded joints. The main advantage of using
dissimilar materials in welding structure is that, we can take the advantage of the properties of both the materials.
Aluminum alloys are widely used in automotive industry, aerospace industry and shipbuilding. Titanium alloys have
also attracted much attention in these industries due to their high strength and high corrosion resistance. With the
increasing demand for lightweight equipment, these alloys have been increasingly used. In many applications,
superior properties of both aluminium alloys and titanium alloys, such as high strength, low weight and low cost are
needed. Because of many differences between these two metals, such as differences in crystal lattice, melting
temperature, thermal conductivity, and coefficient of linear expansion, it is very difficult to achieve a defect-free
joint between these two alloys[1][2]. Friction Stir Welding (FSW) appears as one of the most promising continuous
joining techniques. In which the effectiveness of the obtained joint is strongly affected by several geometrical and
technological parameters; in particular both rotating speed and feed rate have to be properly chosen in order to
obtain effective joints [3].In this Research the experimental characteristic analysis of Aluminium and Titanium
composed joint by FSW will be done. Process parameter for FSW will be optimized for getting various material

characteristics of joint.

2. Literature Review

Chan et al Experimented FSW on commercially pure titanium with ADC12 cast aluminum alloy using WC-Co tool.
Three welding speeds are selected as 60, 90, 120 mm/min. Maximum failure load of 9.39 KN is achieved at
90mm/min. Defects arise at 60mm/min due to insufficient flow of Ti which cause inhomogeneous distribution. At
120 mm/min due to lower heat input and low reaction time for Ti and Al, decrease in tensile strength is observed [4].
Li et al employed the modified butt joint into the FSW of Ti-6Al-4V alloy to Al-6Mg alloy with a special pin plunge
setup. The results reveal that the joint mechanical tensile strength can reach more than 92 % of the parent aluminum
alloy strength [5]. Yu-hua et al observed Uneven distribution of micro hardness in Lap joint of TC1 Ti alloy and
LF6 Al alloys dissimilar materials were subjected to FSW. With the increase of welding speed or decrease of tool
rotation the amount of titanium alloy particles stirred into stir zone by the force of tool pin decreases continuously.
[6]. Masayuki et al joined ZK60 magnesium alloy and titanium by friction stir welding. In this study the effect of
alloying elements on the microstructure of the joint was examined It was found that Zn and Zr of alloying elements
of Mg-Zn-Zr alloy improved the tensile strength of titanium and magnesium joints by forming the thin reaction layer

at the joint interface.[7] Song and Nakata in 2010 investigated the mechanical properties and the effect of post heat



treatment in the FSW of Inconel 625. They noticed an improvement in mechanical properties after the post heat
treatment at 700°C for100h in vacuum.[8]. Sato et al. studied the effect of microstructure on weldment of Inconel
600 alloy in a friction stir welding process using polycrystalline cubic boron nitride (PCBN) tool. They found fine
grain structure in stir zone with better mechanical properties compared to the base metal. They also observed that
FSW exhibits lower corrosion resistance in stair zone and HAZ[9]. Song and Nakata investigated the mechanical
properties and the effect of post heat treatment in the FSW of Inconel 625. They noticed an improvement in
mechanical properties after the post heat treatment at 700°C for100h in vacuum [10].The problem has been
identified from the literature review that there is a scope of the research in the area of Aluminum and Titanium

composed joining by FSW.

3. Objective of the Research

The main objective of this research is to analyse the material characters of Aluminium and Titanium composed
joining by Friction stir Welding. Optimization of FSW process parameter will be done for better joint. Mathematical
Model will be developed from the optimized result.

Specific Objects

1. To make join Aluminium and Titanium alloy by FSW.
2. To make different samples by optimizing parameters
3. To conduct different Testing Methods
4. To Analyze the Joined material Properties
5. To adapt the optimization Techniques for finding the solution
6. To Formulate the Mathematical Model
4. Methodology

1. Literature Review
2. Observation and Data Collection
3. Making samples by varying process Parameters
4. Conducting Test for samples, The following test will be conducted for the samples
4.1. Tensile Test
4.2. Scanning Electron Microscope Test (SEM)
4.3. Impact Test
4.4. Micro Hardness Test
4.5. Micro Structure Analysis for each Test
Optimizing the Parameters by optimization Technique
Generating the Mathematical Model
Journal Publication
Preparing Thesis

® =N



5. Work Plan Activity

The Planning schedule for each Research activities have been mentioned below

Activity Duration Month

(Month)

Literature review

Observation & Data
collection

Making samples 2

Conducting Test and | 4
Experiments

Optimizing 2
Parameters

Generating 10
Mathematical Model

Journal Publication 4

Preparing Thesis 2
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ANNA UNIVERSITY Folio No. A718722

1 5 CHENNAI
,\ @ ;-i) M.E. DEGREE EXAMINATIONS
Srr—— CONSOLIDATED STATEMENT OF MARKS
canooare:  |BaLasuaDHARARA REGISTERNO.  [91302402003 /
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STUDY 213: R V.S College of Engineering and Technology OreamancE  |fune 2004
aaecmuz:::u ME CAD/CAM REGULATIONS 12002
sem.| SUBJECT SUBJECT TITLE MAX | MIN | ooAnKS ek i
01 | CD133 |Finite Element Analysis 100 | 50 080 Dec 2003
01 | CD142 |Mechanical Vibrations 100 | 50 0S5 Am 2004
01 CD143 |CAD Lab 100 | 50 082 Dec 2002
01 | ED132 | Computer Applications in Design 100 | S0 058 Apr 2003
01 | PD132 | Concurrent Engineering 100 | 50 058 Apr 2003
01 | PE03® |Robotics and Sensors 100 | 50 059 Apr 2003
01 | IDO36 | Total Quality Management 100 | 50 059 Dec 2002
02 | cD035 | Computer Integrated Manufacturing Systems 100 | 50 | ose Apr 2003
02 | ED042 | Product Design and Development Strategies 100 | 50 085 Dec 2003
02 | ED142 | Computer Integrated Design 100 | 50 050 Dec 2003
02 | PE034 | Manufacturing Information Systems 100 | 50 057 Apr 2003
02 | PEO49 | CAM Laboratory 100 | 50 078 Apr 2003
2 | ED044 | Advanced Strength of Matenials 100 | 50 058 Apr 2003
02 | PEOS2 | Mamufacturing System and Sinmlation 100 | 50 051 Apr 2003
03 | ED143 |Design for Mamufacture 100 | 50 085 Dec 2003
03 | PE0SO |Data Commmunication in CAD/CAM 100 | 50 080 Jun 2004
03 | PEI4] |Flexible Competitive Mamufactunng System 100 | 50 058 Dec 2003
04 | CM233 |Project Work &00 | 300 525 Jin 2004
*+4End of Statement***
|Classification : FIRST CLASS
Total Marks : 1568 / 2300
Percentage (ronnded to nearest integer) : 68
Medium of Instruction : ENGLISH

Chennai - 600 025.
Date :1510v/2004 Controller of Examinations
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08. Whether passed / promated . Pari=d
09. Whether the student has paid all the Fees
due to the Institution : B‘u
10. Date on which the student actually left
the Institution . June 260l
11. Date on which the application for Transfer
Certificate was made ; AlitEeR Y ]
date: |7-ll+ 200k D
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P.o.Box; 1362

DIRE DAWA-ETHIQPIA

Ref.DDIT/HRM/ =< ¢ /2012 E.C
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Date July.06/2020 G.C.
+%

To whom so ever it may concern

This is to certify that Mr.Arumugam Balasuadhakar who has been an employee of Dire

Dawa Institute of Technology, Dire Dawa University has requested us to issue a letter stating

his monthly salary and work experience in Dire Dawa Institute of Technology, Dire Dawa

University on July.06/2020 G.C.

Accordingly, Mr.Arumugam Balasuadhakar has been working as Lecturer from October

15/2012 G.C. upto till date in the School of Mechanical and Industrial Engineering Dire

Dawa Insitute of Technology, Dire Dawa University. He is earning a gross salary of 2,765.00

(Two Thousand Seven Hundred Sixty Five USD only) per month. Wishing him all the best

and success in his future endeavor. We gave his this testimony up on his request.
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This Is to certify that Mr.A.Balasuadhakar, was working in our
Institution as a Faculty in the Department of Marine Engineering from
16.02.2006 to 29.01.2010.At the time of relieving, his designation is

an Assistant Professor. His conduct and character has been good.

€0 75—
.11_}'?;13,_&;#& .
PRINCIPAL

PRINCIPAL
OF ENGG & TECH

CHENNAL - 601 102

e e — —
————————————.

Phone: 044 - 27620506 / 27629597 / 27629383, Fax: 009144-.25901916
Website: www. samsengincering.or



EDAYATHANGUDY G.S.PILLAY ENGINEERING COLLEGE @J‘IW
NAGAPATTINAM - 611 002. GIRT

(An IS0 5001.2000 Certified |nstitution)
( Approved by AICTE, New Delhi | _m._.
{ Approved by Govt, of Tamil Madu - Afliated 1o Anna University, Chennal )

50 9001:20060

Dr. R. Karunanithi, we,r.p,
Principal

EGSPEC/STAFF/CER/ 081 21.08.2006

EXPERIENCE CERTIFICATE

This is to certify that Mr. A.Balasuadhakar, was working in
our Institution as a Lecturer in the Department of Mechanical
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This is to certify that Mr. A, BALA SUADHAKAR has been
working as a Lecturer at GENERAL ENGINEERING Department
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ANNEXURE-I

CERTIFICATE FROM THE ORGANISATION WHERE THE CANDIDATE IS EMPLOYED

Certified that Mr./M5s./Mfs. [')R RLASUADHMAFKAR is
employed as L E T RE/?. (Designation) in the
5 OLLZO MEUINNICS NI DESIGN (Department/Division Namc)

of 5 CHOoL 0F MECHRNICH L ANG INGUSTELRC ENGENEY RIng
DIRE DpwA UVLVERSETY ETAZ0pIA

(Institution/Industry Name).

We have no objection in forwarding his/her application for the Ph.D. Resecarch

Programme.

FOR FULL TIME:

The candjdate will be sanchged leave for the durak%of the research programme and
will be relieved from duty from to to undertake the

full time research wotk in the Universih\

FOR PART TIME:

The candidate will be permitted to undertake part time study in the University/College
and will be allowed to be present for discussions with the supervisor, attending course works,
conduct of experiments and participations in seminars and related presentations. Further the
required facilities at our organization will also be provided to the candidate for doing research.

Date: () 7/ 19~/9\09J0 Signature of the Head of Organization with office seal




