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Abstract

From last few years friction stir processing (FSP) is a growing Technology for the processing or welding of
aluminium alloy. This process changes the microstructure of the present metals and creates a very fine grain
structure. These fine grain structures provide good mechanical behaviour in different working conditions.
This process also mixes the metal without change of face and gives a homogeneous structure in material
composition. This Technology plays a very important role in the manufacturing of aircraft, naval ship etc. In
this paper review is given on the friction stir processing by going through the various past data that was
analyzed by the different authors on different condition. There was different variety of aluminium alloys
like Al 6063, Al 7075, Al 2212 etc, was used by the authors. Hence it is concluded that friction stir
processing improves the mechanical behaviour of aluminium alloy.
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INTRODUCTION

In 1991, a technology was invented by The Welding Institute (TWI) which is called Friction Stir Welding.
Friction Stir Processing is suitable for joining Aluminium Alloys which are used for the production of the
aircraft component. In this method, a pin tool is connected to the cylindrical arm which rotates at constant
speed. This pin is used to join two plates by clamping them and gives a spinning to the tool in between the
joint. This technology is also used for the improvement of the mechanical properties of the metals, which is
known as Friction Stir Processing. This is similar to working as FSW, the only difference is that FSP is used
to improve the mechanical properties of the plate where FSW is used to join two plates and improve weld
strength.
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Fig.1 Schematic FSP working.
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Fig.2 Schematic FSW working.

In FSP a pin type tool is inserted into the plate of aluminium alloy and a constant speed is provided to the
tool, which is called processing speed. When this tool starts rotating there is friction between the tool and
the structure or metal present. This friction provided heat into the processing zone. Due to this processing
different zone are produced which have different structure and properties. The heat produced by the process
goes to the grains present in the metals. By gaining this heat the grain size of the metals start to changes and
a very fine grain size are produced. This grain size of the metals defines the properties of the materials. This
process starts from one end of the plate and moves forward with constant speed to the next end of the plate.
When the process complete one cycle end work continued until the whole sheet is processed. The
improvement of grain size shows improvement in fatigue strength, thermal properties, mechanical strength
etc.

BASIC PRINCIPLE OF FSP

A schematic diagram of FSP is shown in Figurel. Friction Stir Processing is a modification of friction stir
welding where the extreme deformation of the material is produced by passing a rotating welding tool over
the material and in turn we get a refined material having positive variations in its mechanical properties and
microstructure. Friction stir processing causes dramatic reduction in grain size and a high level of second
phase refinement. The main difference between friction stir welding and friction stir processing is the
existence of joint. Friction Stir Processing is useful in enhancing the mechanical properties and
microstructure of the material at any range of temperature.

FSP is the re-processing of the welding area. It is used to enhance the properties of the alloy which are
difficult to be welded by using conventional methods. Alloy properties like hardness, impact strength,
tensile strength and microstructure are enhanced by using friction stir processing. There are three regions of
friction stir processing:-

1. Heat Affected Zone (HAZ)
2. Thermal Mechanical Affected Zone (TMAZ)

3. Welding Nugget
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Figure: Microstructure of cast Al alloy: (a) before FSP and
(b) after FSP.

In the thermal mechanically affected zone, the grains are distorted due to mechanical deformation by the
processing tool. And there is less thermal energy for full recrystalization of material.
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l

Figure: Schematic illustration of FSP: a) rotating tool prior to contact with the plate; b) tool pin
makes contact with the plate, creating heat; c) shoulder makes contact, restricting further penetration
while expanding the hot zone; d) plate moves relative to the rotating tool, creating a fully
recrystallized, fine grain microstructure (courtesy of Mahoney and Lynch 2006[72]).
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As a result, there is a reduction in mechanical properties like tensile strength, hardness etc. Also precipitate
dissolution occurs due to influx of thermal energy. And the formation of new precipitates may not be of
same size, so material’s hardness is less in this region.

However in the Heat affected zone, there is not enough energy to cause recrystalization of the material.
However the heat produced by this process is enough for coarsening of the precipitates, which is essential
for maintaining the strength of alloy. It also causes a loss in mechanical properties. As shown in figure the
coarsening of the precipitates cause a lower resistance to plastic deformation. In the heat affected zone,
neither the heat generated by the welding process nor the mechanical deformation affects the microstructure
at a large scale. There is not any change in coarsening of precipitates or grain deformation. The value of
hardness is high in this region.

The processing area experiences the most plastic deformation and heating from the welding fixtures. Due to
this, the temperature of the processing area reaches a temperature near to the melting point of the alloy. Due
to this high temperature and deformation, the re-crystallization of the alloy occurs at a very high rate,
forming a fine grain structure with minimum degradation in mechanical properties.

FSP OF ALLOYS

Al-Si alloys are commonly used as a casting material. This class of Al alloys has a low molten viscosity,
and allows components with complex geometries to be produced with minimal defects and low shrinkage.
However, in order to improve the performance of the alloy to meet the other demanding requirements,
additional alloying elements are commonly added. Depending on the composition and the Silicon (Si)
content, the microstructure that develops will vary, and this will in turn lead to alterations to the properties
of the alloy.

LITERATURE REVIEW

In 2006, G.Ambrogio, L. Fratini, F. Micari analysis o the taylored sheet of Aluminium by applying
friction stir processing. In this study they proposed that friction stir processing improve the welded strength
by creating new grain structure as compare to a normal welding method.

In 2006, Livan Fratini, Mario Piacentini were apply friction stir processing on 3D industrial part for the
analysis of strength. In this analysis it was proposed that FSW is best method for joining of 3D part as
compare to normal joining method. Friction stir processing improves the mechanical properties of the weld
in welding line.

In 2009, Meysam Mandani Shahri, Rolf Sandstrom made a study of fatigue strength of Aluminum
welded by friction stir processing using critical distance. In this this study Aluminium 6065A was used as
base metal. A lap joint of sharp notch was created by the friction stir processing. All the information of
process was collected and analysed and found that a little fatigue crack was present at notches. But fatigue
parameters were very low as that it propagates very slow and complete fracture was not takes place. The
whole analysis determines that fatigue in notch would not responsible for failure in the welds.

In 2009, P. Bala Srinivasan, K.S Arora, W. Dietzel, S. Pandey, M.m Schaper made study on
microstructure, corrosion, behaviour and mechanical properties of Aluminium AA2219 processed by
friction stir processing. In this study an Aluminium plate of AA2219-T87 was process by friction stir
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processing. This plate was passed under the different testing like UTM etc. The collections of data from
different testing provide the information about grain size, strength, thermal properties. A testing was also
made to find the corrosion properties by planning the specimen plate under different condition. The whole
analysis gave a clear view that friction stir processing is the best method for welding and processing of
Aluminium AA2219 —T87 that improve grain size and many mechanical properties.

In 2009, M.Zadeh, A.F. Golestaneh, Aidy Ali B.B Sahari were analysis on friction stir welded joint of
Alloy 2024 Al to find the fatigue strength of the alloy. During study a comparison was made between
welded joint by elementary method and friction stir processing and proposed that the friction stir welding of
2024 Al provide a good fatigue life.

In 2011, M. Grujcic, G. Arakere, B. Pandurangan, A. Hariharan, C.F. Yen, B.A. Cheesemah and C.
Fonutzonlais gave a review on friction stir weld of AA5083-H321. In this review all past data on friction
stir processing of AA5083-H321 and different kind of Aluminium was analysed that a fine grain size of the
Aluminium provide a good life and properties of the metal. These properties of the Aluminium was used in
different area life aircraft, Navel ships etc. It was found that the friction stir processing is best for
Aluminium processing for good properties.

In 2013, Dr. K.N Pandey, Saurabh Kumar Gupta analysed fatigue strength of mild steel by friction stir
welding. In this analysis fatigue strength was observed at constant amplitude load and different R-ratio. Due
to the friction stir processing grain size of the metal was very small that provide good fatigue strength and
different properties. It was also found that the hardness in base metal was small with respect to weld zone.

In 2014, Gauta Venkateswarlu, M. Joseph Davidson, Pulla Sammaiah observed the effect of friction stir
processing on AZ31B Mg Alloy. Taguchi parametic design concept and L9 orthogonal array was used to
study the behaviour of AZ31B Mg Alloy at different parameter (tool tilt angle, rotational speed) in friction
stir processing. Many observations were carried at different processing speed and tool tilt angle. To find the
optimum mechanical properties ANOVA was used. The whole observation shows that the rotational speed,
transverse speed as well as the tilt angle plays a major role in the improvement of the grain size or
mechanical properties of the material in frictional stir processing.

In 2015, Antonio Carlos de Oliveira Miranda, Andrian Gerliah, Scott Walbridge gave review on
fatigue parameter and probabilistic fracture on Aluminium weld process by friction stir processing. In this
review Antonio Carlos collect a huge past data on friction stir process. In this study it was found that friction
stir processing is the best for Aluminium and many other metals to join with good mechanical properties.

In 2016, Hussain Zuhaulawati, Mohd Noor Halmy Indra Putra Almanar, Anasyida Abu Seman and
Brij Kumar Dhindaw were studied Al 1100 with Rick Husk Ash Silica at different processing speed. A
continuous line of Al 1100 plates were made and amorphous silica powder was placed in pattern during the
processing. During process different friction stir processing speed (600rpm, 865rpm, and 1140rpm) was
given with a constant speed feed of 45mm/min at angle of 2°. The observation from different speed show
that the processing speed of 1140rpm produced a fine grain structure matrix and complete recrystallization
in the stir zone. This processing speed also show a good dispensation of silica powder of particle size 10um
in aluminium matrix whole observed shows that the friction stir processing improve the properties of the Al
1100.

In 2016, Ali A. Aslman, Ayad M. Takhakh, Kadhim K. Resan studied the mechanical properties and
numerical evaluation of Al 6061-T6 after friction stir processing (FSP). In this paper a methodology was
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used to improve the mechanical properties without changing the phase of metal and obtain a fine grain
structure. Al 6061-T6 is used as a testing material to study the behaviour of metals before or after the
process. Al6061-T6 was processed at a variable speed of (1100, 1300, 1500 rpm) with a constant feed
(60mm/min). The result obtained at different speed was observed and find best result at a speed of 1300
rpm. The efficiency rate was 89.05%. Numerical data was also observed for the thermal development such
as thermal conductivity, specific heat etc. The result of the research was good in comparison with
experimental result.

In 2017, D. Fersini, A. Pironodi was analysing the fatigue strength of Aluminium weld plate that was
proceeds by friction stir processing. In this study Aluminium 2024-Tm was used as base metal. A lap joint
of Aluminium 2024-Tm was created by the friction stir processing. After creating a joint a finite element
method was used to find out the strength and fatigue life of the base metal. The whole analysis determined
that the friction stir processing improve the grain size of the metal which result have good mechanical
properties.

Conclusions and Future Scopes:
All information collected from different sources give following conclusion and future aspects:

1. Different varieties of Aluminium and nature of work pieces shows that the microstructure of the
metal play an important role in the properties and FSW was found the best method to improve
mechanical properties.

2. To consider the impact of process parameters on strength can be elevated.

Material flow can be incorporated into the modal to evaluate the residual stress design precisely.

4. Different type of metal other than Aluminium may be processed by this method by modifying the
tool used for the process and many other parameters.

w

References:

1. Ali A. Aslman, Ayad M. Takhakh, Kadhim K. Resan, “Study the Mechanical Properties and
Numerical Evaluation of Friction Stir Processing (FSP) for 6061-T6 Aluminum Alloys”. Al-Nahrain
University, College of Engineering Journal (NUCEJ) Vol.91 No.2, 6192 pp.255 — 264.

2. Hussain Zuhailawati, Mohd Noor Halmy, Indra Putra Almanar, Anasyida Abu Seman and Brij
Kumar Dhindaw, “Mechanical Properties of Friction Stir Processed 1100 Aluminum Reinforced with Rice
Husk Ash Silica at Different Rotational Speeds”. International Journal of Metallurgical & Materials
Engineering, Zuhailawati et al., Int J Metall Mater Eng 2016, 2: 120, http://dx.doi.org/10.15344/2455-
2372/2016/120.

3. Ganta Venkateswarlu, M Joseph Davidson, Pulla Sammaiah, “Effect of Friction Stir Processing
Process Parameters on the Mechanical Properties of AZ31B Mg Alloy”. Journal of manufacturing and
industrial engineering (MIE), ISSN 1339-2972.

4. Ajit Kumar, Dr. M. V. Mallikarjuna, "Thermal Analysis of Friction Stir Welding". International
Journal of Engineering Research & Technology (IJERT), ISSN: 2278-0181, IJERTV41S020021,
www.ijert.org, Vol. 4 Issue 02, February-2015.

JETIR1805439 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 61


http://www.jetir.org/
http://dx.doi.org/10.15344/2455-2372/2016/120
http://dx.doi.org/10.15344/2455-2372/2016/120

© 2018 JETIR May 2018, Volume 5, Issue 5 www.jetir.org (ISSN-2349-5162)

5. M. Zadeh, Aidy Ali, A. F. Golestaneh, B.B.Sahari, "ANALYSIS OF FATIGUE CRACK GROWTH
IN FRICTION STIR WELDED JOINTS OF 2024 AL ALLOY". Proceedings of the ASME 2009
International Design Engineering Technical Conferences & Computers and Information in Engineering
Conference. IDETC/CIE 2009, August 30 - September 2, 2009, San Diego, California, USA.

6. G. Ambrogio, L. Fratini, F. Micari, "INCREMENTAL FORMING OF FRICTION STIR WELDED
TAYLORED SHEETS". Proceedings of ESDA2006, 8th Biennial ASME Conference on Engineering
Systems Design and Analysis, July 4-7, 2006, Torino, Italy, ESDA2006-95375.

7. Muhammad A. Wahab, Vinay Raghuram, "FATIGUE AND FRACTURE MECHANICS ANALYSIS
OF FRICTION STIR WELDED JOINTS OF AEROSPACE ALUMINUM ALLOYS AL-2195".
Proceedings of the ASME 2013 International Mechanical Engineering Congress and Exposition,
IMECE2013, November 15-21, 2013, San Diego, California, USA, IMECE2013-63285.

8. S.S Mani Prabu, H.C Madhu, Chandra S. Perugu, K Akash, P Ajay Kumar, Satish V. Kailas,
Anbarasu Manivannan and I.A Palani, "Microstructure, Mechanical Properties and Shape Memory
Behaviour of Friction Stir Welded Nitinol”, Materials Science & Engineering A,
http://dx.doi.org/10.1016/j.msea.2017.03.101.

9. Livan Fratini, Mario Piacentini, "FRICTION STIR WELDING OF 3D INDUSTRIAL PARTS: JOINT
STRENGTH ANALYSIS", Proceedings of ESDA2006, 8th Biennial ASME Conference on Engineering
Systems Design and Analysis, July 4-7, 2006, Torino, Italy, ESDA2006-95382.

10. Meysam Mahdavi Shahri, Rolf Sandstrom, “Fatigue analysis of friction stir welded aluminium
profile using critical distance", International Journal of Fatigue 32 (2010) 302—-309.

11. D. Rao, K.Huber, J.Heerens, J.F.dosSantos, N.Huber, "Asymmetric mechanical properties and
tensile behaviour prediction of aluminium alloy 5083 friction stir welding joints”, Materials
Science&EngineeringA565(2013)44-50.

12. K.N. Pandey, Saurabh Kumar Gupta, "Fatigue Crack Growth Analysis of Mild Steel Plate Welded by
Friction Stir Welding", Proceedings of the ASME 2013 International Mechanical Engineering Congress and
Exposition, IMECE2013, November 15-21, 2013, San Diego, California, USA, IMECE2013-63163.

13. H. Dawson, M. Serrano, R. Hernandez, S. Cater, E. Jimenez-Melero, "Mechanical properties and
fracture behaviour of ODS Steel Friction Stir Welds at variable temperatures”, Materials Science &
Engineering A, http://dx.doi.org/10.1016/j.msea.2017.03.090.

14. D. Fersini, A. Pirondi, "Analysis and modelling of fatigue failure of friction stir welded aluminum
alloy single-lap joints", Engineering Fracture Mechanics 75 (2008) 790-
803.www.elsevier.com/locate/engfracmech.

15. Antonio Carlos de Oliveira Miranda, Adrian Gerlich, Scott Walbridge, "Aluminum friction stir
welds: Review of fatigue parameter data and probabilistic fracture mechanics analysis”, Engineering
Fracture Mechanics 147 (2015) 243-260.

16. Nilesh Kumar, Wei Yuan, Rajiv S. Mishra, "Friction Stir Welding of Dissimilar Alloys and
Materials", Butterworth-Heinemann is an imprint of Elsevier, The Boulevard, Langford Lane, Kidlington,
Oxford OX51GB, UK 225 Wyman Street, Waltham, MA 02451, USA.

JETIR1805439 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 62


http://www.jetir.org/
http://dx.doi.org/10.1016/j.msea.2017.03.101
http://dx.doi.org/10.1016/j.msea.2017.03.090

