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ABSTRACT

Friction Stir Welding joint quality depends on input parameters such as tool rotational
speed, tool traverse speed, tool tilt angle and an axial force. Surface defects formation
occurs when these input parameters are not selected properly. The main objective
of the recent paper is to develop Discrete Wavelet Transform algorithm by using
Python programming and further subject it to the Friction Stir Welded samples for
the identification of various external surface defects present.
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INTRODUCTION

Friction Stir Welding is a solid-state joining process that generally finds application
in the joining of alloys which are difficult to weld by a conventional welding process.
The important input parameters which govern the quality of weld obtained from
the Friction Stir Welding process are tool rotational speed (rpm), tool traverse speed
(mm/min), axial force (KN), and tool tilt angle. Improper selection of these input
parameters during the Friction Stir Welding process results in the formation of
intermetallic compounds which are responsible for the initiation of crack nucleation
and also there is the formation of various external and internal defects such as surface
grooves, tunnel formation, flash formation and void formation which are responsible
for stress concentration [1-4].

Nowadays, Machine Learning is being radically used in various materials and
manufacturing sectors for the optimization of mechanical and microstructure properties
like Ultimate Tensile Strength, Fracture Strength, Elongation percentage, Grain size,
etc. Unsupervised machine learning classifiers were used by Kolokas et al. [5] for fault
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prognosis and forecasting in industrial equipment related to plastic and aluminium
production. The results concluded that the used machine learning models were capable
of predicting the faults before their occurrence. Aimiyeakagbon et al. [6 ] used machine
learning time series forecasting approach for prediction of crack length in the riveted
aluminium plates. Mongan et al. [7] combined genetic algorithm (GA) with Artificial
Neural Network (ANN) for predicting the strength of ultrasonically welded joints.
The model resulted high accuracy with 0.9827 as a correlation coefficient. Likely these
applications machine learning is also being used in Friction Stir Welding process. Dutt
et al. [8 ] developed artificial neural network model for studying about the correlation
between the Friction Stir Welding input parameters such as a rotation rate and traverse
rate with the mechanical property of friction stir welded precipitation strengthened
AA7050 aluminum alloys. Hartl et al. [9] used Bayesian optimization and reinforcement
learning method to improve the surface quality of friction stir welded joints. The present
research focuses on the implementation of Discrete Wavelet Transformation for
the detection of surface defects present on Friction Stir Welded joints. Selim et al. [10]
applied a wavelet transformation algorithm for the detection of internal defects in
a given aluminum component. Figure 1 shows the wavelet contour map of the three
scan points on the metallic component.
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Fig. 1. Contour maps of wavelet transform at
a) Scan point 1, b) Scan point 2, ¢) Scan Point 3 [10].



Vermaak et al. [11] used the Dual-Tree Complex Wavelet Transform algorithm for
improving fabric defect detection. Guminiak et al. [12] applied a discrete wavelet
transform in the truss structures with rigidly connected bars for detecting the defects.

MATERIAL AND METHODS

In the present work, Aluminium alloy 6060 T5 plates were joined. The chemical
composition of the base alloy plate is shown in Table 1. The base alloy plate of
the dimensions 150 mm X 100 mm X 6 mm was mounted tightly on the CNC bed with
the help of a fixture. The main purpose of the fixture is to help both workpieces in
a proper grip so that they do not dislocate from their original position while carrying
out the Friction Stir Welding Process. The tool material for joining the plates is H13.

Table 1. Chemical Composition of 6060-T5 Al alloy in wt %.
Alloy Si Fe |Cu Mg | Mn | Cr Zn Ti
6060-T5 | 0.42 | 0.17 | 0.002 | 0.02 | 0.45 | 0.0006 | 0.0002 | 0.01

Five Friction Stir Welded samples were prepared at particular input parameters
shown in Table 2. The digital images captured of the welded samples are shown in
Figure 2-6.

Table 2. Parameters selected for Friction Stir Welding process.

Sample Tool Rotational | Tool Traverse Axial Force
Number Speed (rpm) Speed (mm/min) | (KN)

1 2000 400 2.5

2 1000 200 1.5

3 1500 400 1.5

4 1500 400 2.5

5 2000 400 1.5




Fig. 4. Digital croped iage of .Smple 3.



Fig. 6. Digital Cropped image of Sample 5.

These digitally captured cropped images were imported to Google Colaboratory
platform for the implementation of Discrete Wavelet Transform algorithm developed
by using Python programming language.



RESULTS AND DISCUSSION

The digital captured cropped image can be considered as a two-dimensional signal
s(n) where n is the samples of a given signal and »=0,1,2,..... M-1. Discrete time signal
is obtained by summing up scaling function term represented by Equation 1 and wavelet
function term represented by Equation 2.
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In Equation 1, Wy is a scaling function, j, is a scaling parameter and /3, is
a normalizing term used for converting a spacial domain s(n) to Wy(jy, k). In Equation
2 it should be noted that j > j,. Equation 1 and 2 constitutes Forward discrete wavelet
transformation while Equation 3 represents an expression for an inverse discrete wavelet
transformation.
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Fig. 7. Friction Stir Welded image subjected to
Discrete Wavelet Transform algorithm.

It is a common fact that filters are one-dimensional in nature while images are
two-dimensional in nature. So, in order to apply one-dimensional filter to the two-
dimensional images, we have to apply one-dimensional filter along rows of images and
then along column of images as shown in Figure 7. High pass filter extract the edges
and low pass filter does the approximation. /; ; extracts the information from the input
image and has passed through the high pass filter which acts on the row of an input
image and finally results horizontal edges. /; ; has passed through two low pass filters
and results an approximation image. /y; results vertical edges while /y; extracts
the vertical feature of the image and has passed through high pass filter along the column



of the image. The high pass filter operating along the row of the input image, so, /5
emphasizes the edges along the diagonal of the image. The results obtained as depicted
in Figure 8-12.
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Fig. 8. Result for Sample 1.
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Fig. 9. Result for Sample 2.
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Fig. 10. Result for Sample 3.
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Fig. 11. Result for Sample 4.
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Fig. 12. Result for Sample 5.

It is observed from the results that inhomogeneous pixel present in the obtained
transforms depicts external surface defects like flash formation and groovy edges.

CONCLUSION

The present study implemented the Discrete Wavelet Transform algorithm to
the five friction stir welded samples for detecting the presence of surface defects such
as flash formation, groovy edges etc. as a main objective. The results showed that
the Discrete Wavelet Transform is able to capture and extract the minute details present
on the surface of the weld and further can be used for defects detection purpose.
The future study which be further carried out on this work is to implement it on real-
time monitoring of defects formation.

REFERENCES

[1] Mishra, R.S. and Ma, Z.Y. (2005). Friction stir welding and processing. Materials
Science and Engineering: R: Reports, 50(1-2), pp.1-78.
10.1016/j.mser.2005.07.001.

[2] Thomas, W.M. and Nicholas, E.D. (1997). Friction stir welding for the transportation
industries. Materials & Design, 18(4-6), pp.269-273.
10.1016/s0261-3069(97)00062-9.

[3] Lohwasser, D. and Chen, Z. eds. (2009). Friction stir welding: From basics to
applications. Elsevier.

[4] Akinlabi, E.T. and Mahamood, R.M. (2020). Introduction to Friction Welding,
Friction Stir Welding and Friction Stir Processing. In: Solid-State Welding: Friction
and Friction Stir Welding Processes (pp. 1-12). Springer, Cham.

[5] Kolokas, N., Vafeiadis, T., loannidis, D. and Tzovaras, D. (2020). Fault Prognostics
in Industrial Domains using Unsupervised Machine Learning Classifiers.
Simulation Modelling Practice and Theory, 103, p.1021009.
10.1016/j.simpat.2020.102109

[6] Aimiyekagbon, O.K., Bender, A. and Sextro, W. (2020). Evaluation of time series
forecasting approaches for the reliable crack length prediction of riveted aluminium
plates given insufficient data. In Proceedings of the European Conference of
the PHM Society, 5(1), pp. 1-11. Available at:
www.phmpapers.org/index.php/pheme/issue/view/4

[7] Mongan, P.G., Hinchy, E.P., O’Dowd, N.P. and McCarthy, C.T., 2020.
Optimisation of Ultrasonically Welded Joints through Machine Learning. Procedia
CIRP, 93, pp.527-531. 10.1016/j.procir.2020.04.060.


https://doi.org/10.1016/j.procir.2020.04.060
https://www.phmpapers.org/index.php/pheme/issue/view/4
https://doi.org/10.1016/j.simpat.2020.102109
https://doi.org/10.1016/s0261-3069(97)00062-9
https://doi.org/10.1016/j.mser.2005.07.001

[8]

[9]

Dutt A.K., Sindhuja K., Reddy S.V.N., Kumar P. (2021). Application of Artificial
Neural Network to Friction Stir Welding Process of AA7050 Aluminum Alloy.
In: Arockiarajan A., Duraiselvam M., Raju R. (eds) Advances in Industrial
Automation and Smart Manufacturing. Lecture Notes in Mechanical Engineering.
Springer, Singapore. 10.1007/978-981-15-4739-3 34.

Hartl, R., Hansjakob, J. & Zaech, M.F. (2020). Improving the surface quality of
friction stir welds using reinforcement learning and Bayesian optimization.
The International Journal of Advanced Manufacturing Technology, 110, pp. 3145-
3167. 10.1007/s00170-020-05696-x.

[I0]Hossam Selim, Fernando Pifal Moctezuma, Miguel Delgado Prieto, José

Francisco Trull, Luis Romeral Martinez and Crina Cojocaru (2019). Wavelet
Transform Applied to Internal Defect Detection by Means of Laser Ultrasound,
Wavelet Transform and Complexity, Dumitru Baleanu, IntechOpen,
10.5772/intechopen.84964. Available from:
https://www.intechopen.com/books/wavelet-transform-and-complexity/wavelet-
transform-applied-to-internal-defect-detection-by-means-of-laser-ultrasound

[11] Vermaak, H., Nsengiyumva, P. and Luwes, N. (2016). Using the dual-tree complex

wavelet transform for improved fabric defect detection. Journal of Sensors, 2016.
10.1155/2016/9794723.

[12] Knitter-Pigtkowska, A., Guminiak, M.J., Przychodzki, M. (2016). Application of

Discrete Wavelet Transformation to Defect Detection in Truss Structures with
Rigidly Connected Bars. Engineering Transactions, 64(2,) pp. 157-170. ISSN
2450-8071. Available at:
http://www.entra.put.poznan.pl/index.php/et/article/view/319. Date accessed: 01
Nov. 2020.


http://www.entra.put.poznan.pl/index.php/et/article/view/319
https://doi.org/10.1155/2016/9794723
https://doi.org/10.5772/intechopen.84964
https://doi.org/10.1007/s00170-020-05696-x

https://doi.org/10.1007/978-981-15-4739-3_34

