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Abstract: Friction Stir (FS) welding offers a number of
advantages over the conventional fusion welding process, anditis
used to join aluminum alloys that are difficult to weld by fusion
welding processes. It has compatibility to any alloy composition,
and produces the welded joints by eliminating the defects with
improved mechanical properties. The weld quality is mainly
influenced by the heat generated and material flow pattern that
takes place during the friction stir welding process which depends
on the above mentioned parameters. The mechanical and micro
structural properties are highly influenced by the heat generation
and material flow patterns. The tool geometry plays a vital rolein
the heat generation and material flow. The aim of theresearch is
to study the influence of tool geometry on heat generation and
temperature during friction stir welding process. A comparative
study has been done based on the results obtained from numerical
analysis and experimentation. It was found that the dissimilar FS
welded joints fabricated using hexagonal tool pin profile
generates optimum heat generation and temperature required for
formation of quality weld irrespective of other process parameter.

Keywords: friction Stir Welding, Heat Generation, Tool
Geometry, Thermography, Temperature.

[. INTRODUCTION

Friction Stir Welding (FSW) is patented process devel oped

by The Welding Ingtitute (TWI). The uniqueness of this
process is that it is eco-friendly unlike other welding
processes. No electrodes or flux are used in this process. The
important tool in this process is a tool which is non
consumable. The tool consists of two parts shoulder and the
pin. The uniqueness of this process is that change in each
parameter gives rise to different material flow pattern which
influences the quality of weld. This process is used for
welding materials which cannot be welded with conventional
welding processes. Seidel and Reynolds [1] studied the
material flow in friction stir welds by marker

insert technique and suggested a semi-quantitative method of
the material transport that takes place in the weld zone. Few
models were developed to explain flow around the tool pins

Manuscript received on 12 March 2022
Revised Manuscript received on 21 March 2022
Manuscript published on 30 April 2022
* Correspondence Author
Pavan Kumar Thimmaraju*, Department of Mechanical Engineering,
Osmania University, Hyderabad, India. Email: pavanaries2010@gmail.com
Dr. G.Chandra Mohan Reddy, Department of Mechanica
Engineering, Chaitanya Bharathi Institute of Technology, Hyderabad, India
Email: chandramohanreddyg@gmail.com
Dr. Krishnaiah Arkanti, Department of Mechanica Engineering,
Osmania University, Hyderabad, India,. Email: arakanti @gmail.com

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). Thisis an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

using 2D models (Seidel T U, Reynolds A P.) [2].Colegrove
and Shercliff [3] developed amodel to illustrate the 3D metal
flow around thetool. Nandan et al., [4] could develop models
which illustrated 3D flow in the friction stir welding.
Colegrove et a., [5] uses an advanced analytical model for
estimation of the heat generation for tools with a threaded
probe to estimate the heat generation distribution. According
toH Schmidt et al., [6], the material flow and heat generation
is as classified as dliding, sticking or partial sliding/sticking.
Aroraet a., [7], used computational methods to develop the
optimum tool shoulder diameter for best weld strength. P.
Sevvel and V.

Jaiganesh [8], conducted studies to illustrate the influence of
process parameters on Friction stir welding (FSW) of AZ31B
magnesium alloy lap joints on the microstructure &
mechanical properties. Zettler et a., [9], studied temperature
distribution and the flow pattern by employing marker
materia in welding 4 mm thick 2024-T351aluminium alloy
materials. Nandan et a., [10], conducted studies on 304
austenitic stainless steel using 3D viscoplastic flow and
temperature field. In the present study we are concentrating
on welding of dissimilar aluminum alloys of thickness of
8mm with different tool designs and study the heat generation
and temperature evolution during the FSW process and
impact on the quality of weld

[I. MATERIALSAND METHODS

2.1. Toolsand Materials Used

Aluminum alloys AAB061 and 6082 are selected as work
piece material.8mm thick plates each of dimension of 100mm
X 200mm X 8mm are used. The tool material is HCHC stedl.
Properties of the material used are given in the Tables below.

Table 1. Chemical Composition of AA 6061

Chemical composition wt%

Al S Cu Mg Zn Fe | Ti | Cr Mn
Balance | 0.40- | 0.15- | 06-1.2 | 020 | 0.7 | 0.1 | 0.25 | 0.40
80 40

Table.2. Chemical Composition of AA 6082

Chemical composition wt%

Elements Al Si Cu Mg Zn Fe | Ti Cr
Wi% | Balance 10';6 01]081.20|025| 05/ 015 04
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Table 3. Chemical Composition and Hardened T ool

Material
C S Cr Mo \% Mn
15 0.3 12 0.8 0.9 0.6

2.2. Tool Design
Various types of tool profiles are employed which are

triangular, square, pentagonal, and hexagonal. Table 4
&Fig.1 below describe the tools used.
Table 4. Details of the Tools used
Pin
! Diameter
Tool Tool L Pin (Sideof ShOUI der
Designation Shape ength the Diameter
g D!
(mm) (mm)
polygon)
(mm)
1 Triangular 7.8 8(6.93) 25
2 Square 7.8 8(5.66) 25
3 Pentagonal 7.8 8(6.09) 25
4 Hexagonal 7.8 8(4) 25

Fig.1. Tool Geometry

2.3. Experimental Setup

Experimental setup consists of the following (Fig.2)
Milling Machine( Modified to suit FSW)

Fixture

Thermocouples

Dynamometer

Fig.2. Experimental Setup

1. EXPERIMENTATION

3. Comparative Studies on I nfluence of Tool Geometry on
Heat Generation,

Experiments are conducted with the experimental set up and
the tools and work piece materials keeping the following
process parameters constant and changing the tool geometry.
Tool Rotation (rpm) = 1000 rpm,

Tool Trandation (mm/s) =25mm/min

Axial force (KN) = 6KN
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Heat generation and temperature evolution during the FSW
process using different tool geometries is measured and
compared.

3.1. Heat Generation and Temperature Measurement
during FSW with Different Tool Geometries

3.1.1. Temperature Measurement using Thermocouples

Temperatures were measured at selected locations, i.e., at
different depths from top surface and offset weld axis, during
the FSW process. In each experiment a total of four
thermocouples at predicted locations were inserted into the
work pieces from underneath as shown in Figure (Fig.3).

The grooves and seating arrangement for thermocouplesis
shown in the Figure (Fig.2). K- type thermocouples are used.
Sengitivity = 41 uV/°C. The thermocouples are placed at a
distance away from the weld centre line so that they cannot
be melted and dissolved into the plates. The specifications of
the K-type thermocouples are SS316, OD=1 mm and
length=50mm with external cable length of 5 meters,

Retreating side

50 25 25 25

LT

=] _ i //(///m”fn L
~ A \\ \\\.\\\ -
Unit: mm Advancing side
| .

200

Fig.3. Arrangement of Thermocouples

Table.5. Temperatures measured using Thermocouples

S.No. | Tool Geometry 4 3 2 1

1 Triangular 124°C | 220°C | 246°C | 280°C
Tool

2 Square Tool 146°C | 272°C | 282°C | 296°C

3 Pentagonal 210°C | 320°C | 328°C | 364°C
Tool

4 Hexagonal 226°C | 420°C | 436°C | 454°C
Tool

3.1.2.Temperature Measurement using Thermography

Thermography is used to measure temperatures and recorded
during thewelding processtransiently. ItisaNDT technique.
The Thermal camera used has following specifications
(Table6.)

Table 6. Thermal Camera Specifications

Emissivity 0.95
Transmission 100%
Model Fluke Ti32
IR Resolution 320x240
Manufacturer Fluke thermography
Measurement range -10° to 600°c
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The maximum and minimum temparaturesduring theprocess  4.2. Comparison between Temperatures recorded using
as recorded using thermography are tabulated below. Thermocouples and Thermography

Table 7. Temperatures obtained using Ther mography

500

with Different Tools 450
Maximum Minimum :28
Tool Temparature Temparature
(°C) (°C) o
Triangular Tool 22052 52.1 250 7 m Temparature Recorded
Square tool 297.41 714 igg ] with Thermocouples
Pentagonal tool 319.30 1024 100 4 m Temparature.recorded
Hexagonal tool 452.24 108.3 With Thermography

50
0 -

V. RESULTSAND DISCUSSION

Square Pentagonal | Hexagon

Triangle

4. Influence of Tool Geometry on Heat generation 1

4.1. Evolution of Heat during Friction Stir Welding
Generation of Heat and temperature are crucial in the 700
formation of quality of weld as they influence the flow
pattern of the material. Thereis a direct correlation between
the temperature and quality of weld. But, the heat generation 500
and rise and fall of temperature are dynamic in nature and 400
their measurements during the experimentation are
challenging tasks. Hence two methods are employed, one
using thermocouples and second using the NDT technique, 200 -
Thermography and both the recorded values are compared
and correlated. Acceptable level of correlation is observed
between the two methods which is evident from the graphs 01
below

600

M Temparature .Recorded
With Thermocouples

300 4 B Temparature.recorded

With Thermography

100 + 1 Temparature.calculated

using Mathematical

Modeling
Square Pentagonal | Hexagon

Triangle

1

Fig. 6.Graphs Showing the Variation of Temperature
with Tool Geometry

B Triangle 4.3. Variation of Heat Generation with Tool Geometry.

B Square The Heat generated due to change in the probe radius, is
estimated and graphs are drawn with giving the increment of
the Probe radius, by an equal increment of 0.001m.and
graphs show that change in the probe radius will increase the
heat generated. Hence we can seen that shape as well as
dimensions of the tool have impact on the heat generation

1 Pentagonal

B Hexagon

520

Fig.4. Variation of Temperaturewith Changein Tool
Profile
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Fig.7.Graph showing the change of heat generated with
Changein Pin radius

2 3 4

Tool Profile

Fig.5. Maximum and Minimum Temperatures with
Various Tool Profiles
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4.4. Influence of Tool Geometry on Temperature during FSW

450
400
350

300
250
200
150 - B Temperature 0C
100 +
50
[V

Hexagon

Temparature

Triangle Square Pentagon

Axis Title

Fig.8.Influence of Tool Geometry on Temperatureduring
FSW

The variation in temperature with different tool profiles is
shown in the above graph. The hexagonal tool generates
more temperature compared to other tools.

V. CONCLUSIONS

This Research aims at welding of AA6061 and AA6082
which have wide range of commercial applications. The
study deals with the study of heat generation during the
friction stir welding process using different tools. The change
in the temperatures during the welding process is measured
using thermocouples and thermography. Conclusions from
the Experimental investigations are Heat generation during
the FSW of AA 6061-AA 6082 is highest with the hexagonal
tool which resulted in atemperature rise of 452 °C. The Best
results are obtained using Hexagonal Tool profile in
comparison with other tool profiles; this is due to more heat
generation that is due to higher contact volume. From the
results it can be concluded that proposed methodology will
result in producing quality friction stir weldswith less or zero
defects. The outcome of the investigations results in welding
of thick dissimilar auminium alloys and can be extended to
other materials for producing good quality welds with zero
defects

REFERENCES

1. Seidel T U, Reynolds A P. “Visualization of the Material Flow in
AA2195 Friction-Stir Welds using a Marker Insert Technique”
Metallurgical and Material Transactions A,32: (2001): 2879—2884.

2. Seidel T U, Reynolds A P. “Two-Dimensiona Friction Stir Welding
Process Model Based on Fluid Mechanics”, Science and Technology of
Welding and Joining, 8: (2003): 175-183.

3. Colegrove P A, Shercliff H R. “Development of Trivex Friction Stir
Welding Tool Part 2-Three-Dimensional Flow Modeling”, Science and
Technology of Welding and Joining, 9: (2004); 352-361.

4. Nandan R, Roy G, Debroy T. “Numerical Simulation of
Three-Dimensional Heat Transfer and Plastic Flow during Friction Stir
Welding”, Metallurgical and Material Transactions A, 37: (2006):
1247-1259.

5. Colegrove, P. & Shercliff, Hugh & Zettler, Rudi. "Model for Predicting
Heat Generation and Temperature in Friction Stir Welding from the
Material Properties.” Science and Technology of Welding & Joining.
12. (2007): 284-297.

6. H. Schmidt, j. Wert, “An Analytical Model for the Heat Generation in
Friction Stir Welding”, Modeling and Simulation in Materials Science
and Engineering, 12 (2004): 143-157.

7. Arora, A. De and Deb Roy “Toward Optimum Friction Stir Welding
Tool Shoulder Diameter.” Scripta Materialia, 64 (2011): 9-12.

8. P. Sevvel and V. Jaiganesh, “An Detailed Investigation on the Role of
Different Tool Geometry in Friction Stir Welding of Various Metals &
and their Alloys” Proceeding of the International Colloquium on
Material, Manufacturing & Metrology-CMMM, August8-9, (2014):
103-107.

Retrieval Number: 100.1/ijitee. E98210411522
DOI: 10.35940/ijitee.C9821.0411522
Journal Website: www.ijitee.org

9. R. Zettler, S. Lomolino, J. F. dos Santos, T. Donath, F. Beckmann, T.
Lipman and D. Lohwasser: “A Study of Material Flow in FSW of
AA2024-T351 and AA 6056-T4 Alloys”, 5th International FSW
Symposium-Metz, France (2004): 14-16.

10. Nandan, R., Roy, G. G., Lienert, T. J., & DebRoy, T. “Numerical
Modeling of 3D Plastic Flow and Heat Transfer during Friction Stir
Welding of Stainless Steel”, Science and Technology of Welding and
Joining, 11(5), (2006). 526-537.

AUTHORSPROFILE

Dr. G. Chandra Mohan Reddy, working as Professor
of Mechanica Engineering in CBIT, obtained B.Tech
in Mechanical Engineering from KITS Waranga,
M.Tech in Machine Tools from REC Waranga and
Ph.D from OU Hyd. He started his career as Assistant
Professor in MJCET in 1991 and joined CBIT in 1992.
: He became Associate Professor in 1996 and Professor
in 2003. He served as Principal of MGIT on deputation during 2009-2018
and contributed immensely for the expansion of UG&PG programs and
obtained NBA, NAAC and UGC recognitions to MGIT. He has 28 years of
experience in teaching/training/research/administration. He has published
over 115 research papers in National and International Journas and
Conferences of repute and has successfully completed many research
projects. He hasguided Six Ph.D. Scholars and Two Scholars submitted their
thesis recently and currently guiding Ten Scholars. He is a key resource
person/coordinator/chairman/organizing secretary for 49 Conferences /
Seminars/ STTPs Workshops/ FDPs/ Conventions and delivered 58 keynote
finvited talks /guest lectures. He was the Chief and Principal Investigator for
04 Research and Consultancy Projects. Dr Reddy is the recipient of Y oung
Engineer of the Year award-1999; Best Principal Investigator(Excellent
Grade-A) from AICTE- New Delhi 2002; Distinguished Alumnus award
from KITS Warangal 2007; Engineer of the Year Award-2009;;Eminent
Educationiss  Award from International Institute of Education &
Management, NEWDELHI 201 1;Railway Board’s 1st Prize for best paper at
27th Indian Engineering Congress held at Vigyan Bhavan, New Delhi 2012;
ISTE Best Chapter Award 2012;Best Engineering College Principa
Award-2012; ISTE Best Student Chapter Award 2014; Best Paper for the
category of Best Presentation/Best Content at the ASAR International
conference 2016; Dr Reddy made remarkable services to Professional
Societies. He is a Fellow of IEl and Member of ASME, IEEE, AeSl, ISTE,
ISME & TSI. He served as Joint Hon Secretary and Hon Secretary of the
Institution of Engineers (India) Hyderabad and presently serving as Member
of IEl Telangana State Centre Committee and Finance Sub Committee.
Served as Member of DRC in OU, BOSin INTUH, Academic Council-State
Board of Tech Edn; State Productivity Council, SAC-TSERC(2015-18),
TSEAMCET (2017&18), EC Member of AeSIHyd (2018& 19).

Dr. Arkanti Krishnaiah, Presently working as
Professor, Department of Mechanical Engineering
University College of Engineering (A) Osmania
University, Hyderabad.. He completed his B.E and
M.E. from Osmania University ,Hyderabad , PhD from
IIT Madras and Post Doctord (PDF) from Chungnam
National University, Dagjeon, South Korea He
received Meritorious Teachers-2020 on the occasion of Teachers day on 5th
September by Govt. of Telangana State. He received Sudharshan Bhat
Memorial Prize for the best Ph.D Thesis in Metallurgicd & Materials
Engineering for the year 2006 from |.I.T Madras, Chennai. He has published
about 100 journal publications in reputed International journals and
conference. He hasguided 120 M.E.Scholars and 6 PhD’s are awarded under
his guidance. He is (&) Member, AICTE, RPS-NER & NDF Projects
Evaluation Committee-2019. (b) Member, National Monitoring Committee
for Education of SCs, STsand Persons with Disabilities, MHRD, New Delhi
(2018 to 2021) (c) Visitor’s Nominee, Pondicherry University, Puducherry
(2015-2018) (d) Vice-Principal, University College of Engineering (A), OU
(Feb. 2017 to Oct. 2018) (e) Head, Dept. of Mechanical Engineering, UCE,
OU (Feb, 2015-Feb. 2017) (f) Additiona Controller of Examinations, Exam
Branch, OU (March, 2013- May, 2015) (g) Director, Entrepreneurship
Development Cell, Osmania University (March, 2010-till date) (h)
Chairman, Board of Studiesin Mechanica Engineering (OU), (2010-2012)
(i) Chairman, Board of Studies in Mechanical Engineering (Autonomous),
(2009-2013) (j) Member, DRC, Mechanical Engineering Dept., UCE, OU
(2010-till date) (k) Member, DC, Mechanica Engineering Dept., UCE, OU
(1998-2002 & 2011-till date)

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijitee.org/

OPEN aﬂCCESS

() Faculty Adviser, M.E. (Tool Design) (October 2011- 2015) (m) Faculty
Adviser, M.E. (Production) (2005-07 and 2008-2011) In-charge, Production
Engineering Laboratory (2005-07, 2008-2011 & 2015- till date) (o) Joint
Director, Publications & Press, Osmania University (2008-10) (p) Chairman,
Board of Studiesin Mechanical Engineering, Mahatma Gandhi University,
Nalgonda, T.S (q) Member, Board of Studies in Mechanica Engineering
INTU Hyderabad (2018-till date) Sri Vasavi Engineering College,
Tadepallygudem, (Feb.2017-till date) Institute of Aeronautical Engineering
(IARE) (2015- Till date) INTU Kakinada (2016-2017) SNIST, Ghatkesar,
R.R Dist. (2009-2014) CVRCE, lbrahimpatnam, R.R Dist. (2010-till date)
GMRIT, Rajam, Srikakulam Dist, AP (2014-till date) SREC, Warangd
(2015-2016) (r) Member, Confidentiadl Team EAMCET-2010 & 2016,
JINTUH. (s) Regiona Co-ordinator, (Hyderabad Zone-1V) EAMCET-2014
(t) Regional Co-ordinator, (Hyderabad Central Zone) TS ECET-2018 &
2019. He is (a) Life Member, International Association of Engineers
(IAENG-229006), Hong Kong (b) Life Member, Indian Society of
Theoretical and Applied Mechanics (ISTAM), India (c) Life Member, The
Indian Society for Technical Education (ISTE), India (d) Fellow, Indian
Society of Mechanica Engineers (ISME), India, Life Member, Indian
Welding Society (IWS), India (a) Fellow, Institution of Engineers (India),
Telangana State.

Pavan Kumar Thimmaraju completed hisB.Tech from
Koneru Lakshmaiah College of engineering affiliated to
Nagarrjuna university, Guntur Andhra Pradesh.. He
completed M.E. from department of mechanica
engineering, university college of  engineering
(Autonomous), Hyderabad. He studied Master certificate
program in CAD/CAM /CAE from centrd Institute of
Plastics Engineering and Technology, Cherrlapally
Hyderabad. He is alumnus of Centra Institute of Tool Design, Baanagar,
Hyderabad. He is Life members of International Association of Engineers
(IAENG), Life Member of The Indian Society for Technical Education
(ISTE), India. He has completed Post Graduate Diploma in Intellectual
Property Rights and Cyber law (PGDIPR&CL) from University of
Hyderabad (Central University), Hyderbad, Telangana. He has completed
Post Graduate Diploma in Education Technology and Management
(PGDETM), a course offered by National Academy of Agricultura
Research Management (NAARM) in association with University of
Hyderabad. He has published about 25 research articles in international
journals and conferences.

Retrieval Number: 100.1/ijitee. E98210411522
DOI: 10.35940/ijitee.C9821.0411522
Journal Website: www.ijitee.org

I nternational Journal of Innovative Technology and Exploring Engineering (1J1 TEE)

| SSN: 2278-3075 (Online), Volume-11 Issue-5, April 2022

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijitee.org/

