
 

 

 

Abstract— This study was carried out as an initial study to 

investigate the potential of acoustic emission technology to to detect 

the welding defects on steel. Two pieces of mild steels were welded 

together in the middle part of steel. The welding specimen was made 

with defects and without defects. This was purposely done to 

compare the difference that might be existed between these two types 

of specimen. The piezoelectric sensor was located on both of the 

welding specimens while specimens were pressurised to promote 

cracks. During the experimental work, the acoustic emission 

signatures were acquired using the AE node acoustic emission data 

acquisition system. The signals were analysed using the AEWin 

software in order to verify the defects. Comparison made from the 

analysis showed that there were differences between the welding 

specimen with defects and without defects. From the analysis done, it 

shows that the welding specimen with defect produced higher value 

of acoustic emission parameter such as peak amplitude and RMS.  
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I. INTRODUCTION 

ELDING quality is compulsory to make sure its 

assurance in industrial application.  Welding defects can 

greatly affect weld performance and its life span [1]. Increases 

in welding productivity contribute to economic impact of 

seeral hundred million dollars in yearly worldwide savings [2]. 

Metal inert gas (MIG) welding is one of the most significant 

arc welding processes [3]. Metal Inert Gas (MIG) welding is a 

welding process which an electric arc forms between a 

consumable wire electrode and the workpiece metal(s), which 

heats the workpiece metal(s), causing them to melt, and join.  

Acoustic Emission (AE) monitoring is one of the most 

sensitive techniques that is useful for real-time detection of 

crack mode and kinetics in various materials [4]. The Acoustic 

Emission technique has been used for monitoring the cutting 

tool wear, the wear rate of materials and for an estimation of 

the workpiece quality [5].  

Online quality control in automated welding operation is an 

important factor contributing to higher productivity and greater 

reliability of welded components. However, online inspection 
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techniques are still not yet broadly implemented in industry 

[6]. 

There are numbers of monitoring signatures being used for 

developing the weld quality methods. The major draw- back of 

acoustic emission is that the piezoelectric sensor must be 

mounted on the electrodes, which results in a high level of 

noise due to the flow of cooling water; if the sensor is attached 

on the workpiece, it must be carried out for each workpiece, 

which is a complex and extremely time consuming process [7]. 

II.  METHODOLOGY 

A. Specimen Preparation 

                
(a) 

             
            (b) 

Fig. 1Specimen with (a) good welding joint and (b) defected                

welding joint 

 

Mild steel in sheet metal form was selected as the specimen 

material. Two pieces of the material were joined together from 

end to end and welded in the middle of the two metals. Metal 

Inert Gas (MIG) welding was utilized during the test. Fig. 1(a) 

above shows the specimens of a good welding joint while Fig. 

1(b) shows the defected welding. The defect marked as „x’ in 

the figure which categorized as lack of fusion between passes 

was introduced during welding process. Lack of fusion is 

defined as unfused area between weld metal and base material 

or previously welded layer. This happens when the base metal 

or the previous layer are not completely or insufficiently 

molten. It was purposely done in order to produce a defect to 

differentiate the result with the specimen of good welding 

work. 
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B. Experimental Work 

 A test which comprised of commissioning the MIG welding 

test together with the acoustic emission data acquisition was 

conducted. Two categories of specimens were used which 

were specimen with good welding and defected welding. The 

good welding specimen was produced where the welding joint 

was welded carefully while defect welding specimen was the 

specimen that was introduced with defect during specimen 

preparation. The AEWin data acquisition system was used to 

acquire the acoustic emission data. The welded specimens 

were clamped at one end and then pressurized with certain 

loadings in order to initiate the acoustic emission signals. At 

the same time, a piezoelectric sensor was placed on the 

specimen to acquire the acoustic emission signals. The raw 

signals were then recorded and analysed using the AEWin 

software package.  

III. RESULTS 

A. Statistical Analysis   

A few types of global statistical parameters were analysed 

from the acquired acoustic emission signals. The significant 

acoustic emission signal characteristics analysed in this study 

were including RMS and peak amplitude.  
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Fig. 2 Kurtosis distribution for good and defected welding joints over 

acoustic emission RMS 

 

Kurtosis was plotted versus RMS to see the trend of its data 

distribution. Fig. 2 shows the data distribution for both good 

welding and welding joint with defect. It was obvious that the 

acoustic emission signals produced on the welding joint with 

defect specimen has high kurtosis where the value started from 

15 to 29 towards the RMS distribution. Meanwhile, the fact is 

opposite for good welding joint because the kurtosis only lies 

between 0 and 0.2. As for RMS value, it varies from 0 to 0.08. 
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Fig. 3 Skewness distribution for good and defected welding joints 

over acoustic emission peak amplitude 

 

Skewness was also plotted towards the acoustic emission 

peak amplitude value as shown in Fig. 3. The acoustic 

emission signatures for good welding converged at the 

skewness range of -0.5 to 0.5 towards the peak amplitude 

value range from 0 to 0.1. As for welding with defect, the 

skewness scattered all over the figure and the value varies 

from -0.8 to 0.6 towards the peak amplitude distribution of 

0 to 0.5. These distributions show a good trending to 

differentiate between the good and bad welding quality. 
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Fig. 4 Peak amplitude and RMS distribution for good and defected 

welding joints  

 

 A clear comparison can be made between the value of 

acoustic emission peak amplitude and RMS of the good 

welding and welding joint with defect as shown in Fig. 4. Both 

of specimens simultaneously show increment of peak 

amplitude and RMS value but with converged with unique 

range. While the value of peak amplitude for good welding 

mostly remain at the range of 0 to 0.05, the peak amplitude for 

welding joint with defect varies from 0 to 0.5. Similar outcome 

obtained for RMS value where good welding converged at the 

range of 0 to 0.015, but the RMS for welding joint with defect 

varies from 0 to 0.04. The obvious difference between where it 

converged might be because the acoustic emission signatures 

produced were more intensed on welding joint with defect. 

The existence of defect increase might had increase the 

activities of acoustic emission at that particular area. 

B. Frequency Domain Analysis 

In order to get clearer picture of the frequency spectrum 

details and signal characteristics for both specimens, the 

acoustic emission signatures acquired from the experimental 

work were also then analyzed using the frequency domain 

analysis. Fast Fourier Transform (FFT) analysis was chosen to 

obtain the frequency spectrum. 

Fig. 5 shows the FFT spectrum acquired from the good 

welding specimen. There were three samples of FFT spectrum 

selected which showed the magnitude of the spectrum were 

from 0 to 5 but the highest magnitude of FFT was about 15.  
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The domain frequency for the data was mainly in the range 

of 0 to 5x10
5
 Hz but more intense at the frequency of 0 to 2 

x10
5
 Hz. This result is classified as FFT spectrum for data 

representing good welding quality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 FFT spectrum for good welding joint 

 

The situation is different for FFT spectrums acquired from 

welding specimen with defect as the frequency domain 

distributed at the value of 0 to 5x10
5
 Hz as in Fig. 6. In 

addition, the frequency components also appear differently 

from the other specimen as it distributed evenly from 0 to 

5x10
5
 Hz. It shows that welding defect might contribute to the 

high intensity of frequency components in the FFT spectrum. 

It can be used to classify the data for bad quality welding. 

 

 

 

 

 
Fig. 6 FFT spectrum for welding joint with defect 

IV. CONCLUSION 

The results obtained from this study showed that specimen 

with welding defect exhibited high activities of acoustic 

emission. It can be seen from all results and illustrated in Fig. 

4 where specimen with welding defect had higher value of 

acoustic emission peak amplitude. The result also show similar 

finding for FFT spectrum where specimen with welding defect 

exhibited more frequency component compared to the 

specimen with good welding result. This finding can be used 

as a starting point for further research in welding defect 

detection using the acoustic emission techniques. As this study 

only utilized similar types of welding specimen material, 

further research can be carried out with dissimilar materials for 

the same purpose. It is because dissimilar materials might 

produce more significant result regarding the acoustic 

emission parameters. 

ACKNOWLEDGEMENT 

M. Loman, C.K.E. Nizwan, and N.M. Yusof thank 

Universiti Malaysia Pahang to the RDU1103103 for the 

sponsor of this work and publication. 

0 1 2 3 4 5

x 10
5

0

5

10

15

20

Frequency(Hz)

M
a

g
n

it
u

d
e

0 1 2 3 4 5

x 10
5

0

5

10

15

20

Frequency(Hz)

M
a

g
n

it
u

d
e

0 1 2 3 4 5

x 10
5

0

5

10

15

20

Frequency(Hz)

M
a

g
n

it
u

d
e

International Conference on Innovations in Engineering and Technology (ICIET'2013) Dec. 25-26, 2013 Bangkok (Thailand)

http://dx.doi.org/10.15242/IIE.E1213597 156



 

 

REFERENCES   

[1] L. Baughurst  and G. Voznaks, “Welding defects, causes and 

correction”, in Australian Bulk Handling Review, 2009,  pp. 26-28.  

[2] P. F. Mendez and T.W. Eagar, “Penetration and Defect Formation in  

High-Current Arc Welding,” Welding J., pp. 296–306.  

[3] J..P. Ganjigatti, D.K. Pratihar and A.R. Choudhury, “Global versus 

cluster-wise regression analyses for prediction of bead geometry in MIG 

welding process,” J. Materials Processing Technology, vol. 189, pp.  

352–366, 2007. 

http://dx.doi.org/10.1016/j.jmatprotec.2007.02.006 

[4] D. Dornfeld, “Application of acoustic emission techniques in  

manufacturing”, NDT & E International, vol. 25, pp. 259–269, 1999. 

 http://dx.doi.org/10.1016/0963-8695(92)90636-U 

[5]   C. Chen, R. Kovacevic and D. Jandgric, “Wavelet transform analysis of   

acoustic emission in monitoring friction stir welding of 6061 

aluminum,” Int. J. of Machine Tools & Manufacture, vol. 43, pp.1383–

1390, 2003. 

 http://dx.doi.org/10.1016/S0890-6955(03)00130-5 

[6]  L. Grad, J. Grum, I. Polajnar,, J. M. Slabe, “Feasibility study of 

acoustic signals for on-line monitoring in short circuit gas metal arc 

welding”, Int.  J. of Machine Tools & Manufacture, vol. 44, pp. 555–

561, 2004. 

 http://dx.doi.org/10.1016/j.ijmachtools.2003.10.016 

[7]   D. Zhao, Y. Wang, S. Sheng and Z. Lin, “Real time monitoring weld 

quality of small scale resistance spot welding for titanium alloy”, J. 

Measurement, vol. 46, pp. 1957–1963, 2013. 

 http://dx.doi.org/10.1016/j.measurement.2013.02.018 

 

 

International Conference on Innovations in Engineering and Technology (ICIET'2013) Dec. 25-26, 2013 Bangkok (Thailand)

http://dx.doi.org/10.15242/IIE.E1213597 157

http://dx.doi.org/10.1016/j.jmatprotec.2007.02.006
http://dx.doi.org/10.1016/j.jmatprotec.2007.02.006
http://dx.doi.org/10.1016/j.jmatprotec.2007.02.006
http://dx.doi.org/10.1016/j.jmatprotec.2007.02.006
http://dx.doi.org/10.1016/j.jmatprotec.2007.02.006
http://dx.doi.org/10.1016/0963-8695(92)90636-U
http://dx.doi.org/10.1016/0963-8695(92)90636-U
http://dx.doi.org/10.1016/0963-8695(92)90636-U
http://dx.doi.org/10.1016/S0890-6955(03)00130-5
http://dx.doi.org/10.1016/S0890-6955(03)00130-5
http://dx.doi.org/10.1016/S0890-6955(03)00130-5
http://dx.doi.org/10.1016/S0890-6955(03)00130-5
http://dx.doi.org/10.1016/S0890-6955(03)00130-5
http://dx.doi.org/10.1016/j.ijmachtools.2003.10.016
http://dx.doi.org/10.1016/j.ijmachtools.2003.10.016
http://dx.doi.org/10.1016/j.ijmachtools.2003.10.016
http://dx.doi.org/10.1016/j.ijmachtools.2003.10.016
http://dx.doi.org/10.1016/j.ijmachtools.2003.10.016
http://dx.doi.org/10.1016/j.measurement.2013.02.018
http://dx.doi.org/10.1016/j.measurement.2013.02.018
http://dx.doi.org/10.1016/j.measurement.2013.02.018
http://dx.doi.org/10.1016/j.measurement.2013.02.018



