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ABSTRACT: Friction stir welding technique is a solid state joining method, It is non-conventionally used
for welding the aluminium and aluminium alloys. These type of material are very light in weight but
having very high strength. In the present study, tensile strength &brinell hardness of the FSW weld on
various parameters have been investigated. Two plates of AL7050 were joined by using vertical milling
machine. The main aim of experiment is to get the optimum tensile strength and hardness. Here Taguchi
L9 orthogonal array methodology was used, in which we consider 3 levels and 3factors. MINITAB-17 was
used for graphical presentation and mathematical solution. ANOVA approach was used for feasibility of
experimental model. Rotational speed, traverse speed and tilt angle were used design approach parameters

in this experiment.

INTRODUCTION: FSW is a solid phase welding process, first used in 1991 by Thomson at TWI (The
Welding Institute) in London. A cylindrical tool which is non-consumable and rotating is plunged in the
workpiece. It travels along the joint line. Because of stirring action of this tool heat is generating at the
junction of two work piece by which temp at joint line goes under the melting point. The friction results in
atomic diffusion between the two sheets. This diffusion leads to bonding of materials. Design of tool can
affect the weld quality. Shoulder provides extra heat and also protect the plasticized soften material from
exiting the weld zone. This technique reduce many problems like shrinkage splatter & porosity. In this
experiment Taguchi L9 orthogonal array approach is used. After observations concluded that main
parameter is tool rotational speed which affect the mechanical properties. But the speed of travel and the

angle of inclination of the tool also have a significant effect on the properties of the joint.

It reduce the problem related to solidification because filler material is not required. The fsw is mainly used
for making lap and butt joints. In FSW mainly two types of machines are uses pressure controlled and
machine controlled. This process is also employ for welding of light and difficult to weld material for

example magnesium and copper so it is applicable in automobile and aerospace sectors. It is environment
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friendly green manufacturing process.FSW is reasoned to be important development in the metal welding
in a decade because of its energy effectiveness, atmosphere friendliness and flexibility. On comparing to
the traditional welding methods, it requires relatively very less energy.

EXPERIMENTAL DESIGN AND PROCEDURE: For experimental design, here Taguchi L9
orthogonal array is used. It is developed by scientist named as Dr. Genichi Taguchi. It suggested a better
way to ensure quality. This technique determine which factor is most influencing the product quality by use

of minimum experimentation which saves time and resource.

For welding of aluminium AA7050 alloy H13 die-steel tool is used. A carbide single point cutting tool is

used to prepare the profiles of tool on Lathe machine. The tool pin profile has been used in present work is

cylindrical.

Al 7050 Composition % H13 (Tool) Composition %
Al 90.5 C 0.32-0.45
Zn 5.1 Cr 4.75-5.5
Mg 2.31 Mn 0.2-0.5
Fe 0.15 Mo 1.1-1.75
Si 0.12 P 0.03
Mn 0.23 Si 0.8-0.12
Cr 0.21 S 0.03

Others 2.5 V 0.8-1.2
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Vertical milling center machine used as friction stir welding machine setup.

Three factors for FSW are studied (i.e. rotating speed, welding speed and tool pin profile) in which three
levels of each factor are considered. Hense an L9 (3"3) orthogonal array is select for the experiment

because in L9 (373) in 9 combination of experiments 3 factor with 3 level can be analysed.

In the present investigation, the base material Al7050thickness of 5mm is employed. Rotational speed
(1000, 1400 & 2000), traverse speed (40, 50 & 60) and tilt angle (0, 1 &2) were process parameters.

Orthogonal Array Taguchi Design L9 actual values

S. No. Rotation Speed(rpm) Traverse speed Tilt angle (degree)
(mm/min.)
1 1000 40 0
2 1000 50 1
3 1000 60 2
4 1400 40 1
5 1400 50 2
6 1400 60 0
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7 2000 40 2
8 2000 50 0
9 2000 60 1

The statistical analysis of quality characteristics which include tensile strength and hardness for all the
trials was carried out by ANOVA (analysis of means). The most optimum combinations of technique
parameters were predicted and analyse.MINITAB-17 a software package is used for making the model,
graphical representation and analysing the results.

RESULT AND DISCUSSIONS: FSW is used for joining of AlI7050 alloys and investigated by using
different process parameters like Tool tilt angle , rotational speed and traverse speed. Taguchi methodology
is used to optimize the hardness and tensile strength. The analysis of variance technique is used to
determine the importance of parameters for validation. The Percentage contribution of Traverse Speed, tool
tilt angle and Tool Rotation Speed to hardness and tensile strength were studied and analysed by means

of the use of analysis of variance technique.
HARDNESS TEST

Below table shows the hardness result with process variable and its design levels. These values are taken

into account to perform present work, like Tilt angle, Traverse Speed, Tool Rotational Speed.

Hardness test result

Trial | Rotation Traverse Speed | Tilt Hardness | S/N MEAN
no. Speed(rpm) | (mm/min.) angle(®) | test (HB) | RATIO

1 1000 40 0 63.1 36.0000 | 63.1

2 1000 50 1 71.1 37.0374 | 71.1

3 1000 60 2 75 37.5013 | 75

4 1400 40 1 76 37.6123 | 76
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5 1400 50 2 80.2 38.0802 | 80.2
6 1400 60 0 77.6 37.8003 | 77.6
7 2000 40 2 71 37.0278 | 71
8 2000 50 0 72.5 37.2013 | 725
9 2000 60 1 76.7 37.6959 | 76.7

The signal to noise ratio SNj for Hardness, is defined as:

SNi = -10*log (E"i=1(1/Yijk?)/n)

ANOVA for hardness test

The present study shows that the rotation speed having maximum percentage of contribution

ANOVA Table for hardness
Source DOF | Adj.SS | Adj. MS | F-value % Contribution
Rotation speed | 2 101.224 | 50.61 35.39 50.24
Traverse Speed | 2 65.193 32.59 22.79 32.387
Tilt Angle 2 32.007 16 11.18 15.901
Error 2 2.86 1.443
Total 8 201.289

Graphical presentation is done with the help of MINITAB 17

This graph shows the variation of SN ratios with process parameters
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Main Effects Plot for SN ratios
Data Means

rotational tilt angle travel speed
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This graph shows that variation of means of mean with respect of process parameters

Main Effects Plot for Means
Data Means

rotational tilt angle travel speed

Mean of Means

69

1000 1400 2000 0 1 2 40 50 60

The above graphs show the main effect plotted against mean values for various outputs and using
percentage contribution. Here it shows that the tool rotation speed is the main factor to be effectively
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decided with the contribution ratios as mentioned in the above ANOVA table. From the above graphs
maximum hardness is observed at travel speed of 60 mm/min ,the Tool Rotation speed of 1400 rpm, and
tilt angle of 2.

TENSILE STRENGTH TEST

Below table shows the Tensile Strength result with process variable and its design levels. These values are

taken into account to perform present work, like Traverse Speed, Tool Rotational Speed, Tilt angle

Trial Rotation [Traverse Speed Tilt Tensile S/N MEAN
no. | Speed(rpm) [(mm/min.) angle(®) | Stress(N/mm?) | Ratio

1 1000 40 0 105 40.4237 105
2 1000 50 1 135 42.6066 | 135
3 1000 60 2 128.5 42.1780 | 128.5
4 1400 40 1 109.67 42.8017 | 109.67
5 1400 50 2 151.3 43.5967 | 151.3
6 1400 60 0 130.45 42.3088 | 130.45
7 2000 40 2 87.33 38.8232 | 87.33
8 2000 50 0 97.7 39.7979 | 97.7
9 2000 60 1 95.34 39.5855 | 95.34

The signal to noise ratio SNj for Tensile strength is defined as:
SN = -10*log (X"i=1(1/Yiijk?)/n)
ANOVA for tensile strength test
The present study shows that the rotation speed having maximum percentage of contribution

ANOVA table for tensile strength
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Source DOF Adj SS Adj MS | F-value | % contribution
Rotation Speed 2 2292.03 | 1146.01 38.39 61.69
Traverse Speed 2 1148.59 574.29 19.24 30.91
Tilt Angle 2 215.06 107.53 3.6 5.78
Error 2 59.69 29.84
Total 8 3715.37
Graphical presentation is done with the help of MINITAB 17
This graph shows the variation of SN ratios with process parameters
Main Effects Plot for SN ratios
Data Means
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This graph shows that variation of means of mean with respect of process parameters
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The above graphs show the main effect plotted against mean values for various outputs and using
percentage contribution. Here it shows that the tool rotation speed is the main factor to be effectively
decided with the contribution ratios as mentioned in the above ANOVA table. From the above graphs
maximum hardness is observed at travel speed of 50 mm/min ,the Tool Rotation speed of 1400 rpm, and

tilt angle of 2.

CONFIRMATION TEST

As per experimental result the level of optimized process parameters are tool rotational speed 1400rpm,
traverse speed 60mm/min and tilt angle 2° for hardness and optimized process parameters are tool
rotational speed 1400rpm, traverse speed 50mm/min and tilt angle 2° for tensile specimen. The result of

hardness and tensile strength is given in table, which justify that welding at optimized

Table: Confirmation Table for hardness
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Rotation Traverse speed | Tilt angle Hardness
speed (rpm) (mm/min) (degree) (HB)
1400 60 2 80.20
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Table: Confirmation Table for tensile strength
Rotation Traverse speed | Tilt angle Tensile
speed (rpm) (mm/min) (degree) strength
1400 50 2 147.88
CONCLUSION

The research work examines the process parameters optimization and microstructure characterization of
FSW joints of AA7050aluminium alloy. The responses that are considered in research are tensile strength,
hardness, percentage elongation and temperature. All the objectives of the research work have been
accomplished.
1. Rotational speed has the greatest impact on tensile strength and hardness of all process parameters.
2. As the tilt angle and traverse speed increase, the hardness increases, but as the rotation speed
increases, the hardness first increases and then decreases.
3. After performing the confirmation experimental at the optimum setting, the tensile strength and the
brinell hardness are 147.88 MPa and 80.20 respectively which are near to the expected values by
the model.

REFERENCES

[1] Ugender S. Influence of tool pin profile and rotational speed on the formation of fsw zone in AZ31
magnesium alloy. Journal of Magnesium and alloys 6 (2018) 205-213.

[2] B.VijayaRamnath , C.Elanchezhian, S.Rajesh, S.Jaya Prakash, B.Manoj and K.Rajeshkannan. Design
and development of Milling fixture for Friction Stir welding. Materials Today, 2018, Volume 5, 1832-1838
[3] F.C. Liu, Y. Hovanski, M.P. Miles, C.D. Sorensen and T.W. Nelson. A review of friction stir welding
of steels: Tool, material flow, microstructure and properties. Journal of Materials Science & Technology,
2018, Volume 34, 39-57.

[4] RamanjaneyuluKadaganchi, Madhusudhan Reddy Gankidi and HinaGokhale. Optimization of process
parameters of aluminum alloy AA 2014-T6 friction stir welds by response surface methodology. Defence
Technology, 2015, Volume 11, Issue 3, 209-219

[5] G.M. Xie, Z. Y. Ma and L. Geng. Development of a fine-grained microstructure and the properties of a

nugget zone in Friction stir welded pure copper. ScriptaMaterialia, 2007,57, 73-76.

[6] Chinmay Shah, BhupeshGoyal, Vijay Patel. Optimization of FSW Process Parameters for AlSiCp

© 2023,IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM21538 | Page 10



http://www.ijsrem.com/

@5’ ‘33%?
Iii:fgﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)

fal Volume: 07 Issue: 05 | May - 2023 SJIF 2023:8.176 ISSN: 2582-3930

PRMMC Using ANOVA. Materials today, vol 2, 2504-2511.

[7] M. V. R. Durga Prasad, Kiran kumarNamala. process Parameters Optimization in Friction Stir Welding
by ANOVA. Materials today proceedings, vol. 5, 2018 4824-4831.

[8] Yahya Bozkurt. The optimization of friction stir welding process parameters to achieve maximum
tensile strength in polyethylene sheets.materials& design, vol 35, 2012, 440-445

[9] Rajakumar S,MuralidharanC, Balasubramanian V “Influence of friction stir welding process and tool
parameters on strength properties of AA7075-T6 aluminium alloy joints”, Materials and Design 32, 535—
549, Aug 2010.

[10] Rambabu G,Balaji naik, Rao C H Yenkata, Rao K Srinivasa , Reddy G. Madhusudan “Optimization of
friction stir welding parameters for improved corrosion resistance of AA2219 aluminum alloy joints”,
Defence Technology 11 (2015) 330e337, May 2015.

[11] Rodriguez R IJordon J B, Allison P G, RushingT and Garcial. “Microstructure and mechanical
properties of dissimilar friction stir welding of 6061-t0-7050 aluminum alloys”, Materials & Design 83,
60-65, June 2015.

[12] Saeida T,Abdollah-zadehbA, Sazgarib B “ Weldability and mechanical properties of dissimilar
aluminum—copper lap joints made by friction stir welding” Journal of Alloys and Compounds 490, 652—
655, June 2008.

© 2023,IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM21538 | Page 11


http://www.ijsrem.com/

