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ABSTRACT 

The weld quality depends on many factors and parameters such as continuity of the weld, the weld penetration and the absence of defects in the 

weld. All these parameters have to be after the welding process (Off-line) examined. Since Welding sound signal is an important feedback, In this 

research it is used as a (On-line) Criterion to determine the weld quality. The purpose of this investigation is to evaluate and control the weld 

quality using acoustic parameters as input and Weld quality parameter as output in an artificial neural network. For this purpose, acoustic 

parameters welding process (The difference between the maximum and average sound intensity, The Average of Fast Fourier Transform – FFT 

coefficients and Standard deviation of FFT coefficients) as inputs and weld quality parameter (the percentage of weld quality) that is given by non-

destructive testing and welding inspection, is considered as an output. The selection process for this study is The gas-shielded welding process 

(MIG), One of the most commonly used types of welding. 

Acoustic signals is recorded in the laboratory during the welding process. Acoustic parameters of the process is extracted by the signal processing. 

Weld quality parameter, also by Welding Inspection and Testing the quality of welded joints is determined. Finally, The relationship between 

acoustic parameters and weld quality parameter can be studied with the help of neural network modeling. After data analysis and prediction 

models, the results are presented. 

 

KEYWORDS: Metal inert gaz (MIG), Acoustic data, Fast Fourier Transform ( FFT), On-line Criterion, Artificial Neural Network (ANN), Signal 

processing. 

 

Welding is one of the means of production, Its purpose is the 

permanent connection of engineering materials (metals, 

ceramics, polymers, composites, etc) to another So that the 

binding properties of the base material properties. Due to the 

extensive application in various industries such as steel, 

automotive, machinery, oil industry, shipbuilding industry, 

Certain industries Aerospace and Airlines, Various techniques 

such as non-destructive tests to check the quality of welding is 

proposed and used . At present, evaluation and control of 

production processes is one of the most common engineering 

research. So research on weld quality of welding processes is 

very important to pay special attention to it. The weld quality 

depends on many factors and parameters such as continuity of 

the weld, the weld penetration and the absence of defects in 

the weld. All these parameters have to be after the welding 

process (Off-line) examined. The purpose of this research to 

determine the weld quality is to find a (On-line) criterion 

during welding. In this context, Welding arc sound signal 

includes information from a wide range of boiling behavior is. 

Features and behavior of the sound spectrum is closely related 

to the quality and texture of the weld . Professional welders 

have learned this, by experience and training . They actually 

listen to the voice signal welding, are set The welding 

parameters to achieve the desired geometry and quality. 

 

For example, to better understand See the figure 1, Represent 

two types of welding, High Quality and Low Quality With 

their audio signal. 
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Figure 1:  (a) High quality weld, (b) Low quality weld 

 

So in this study as a criterion to determine the weld quality, 

Welding arc sound is selected. Welding arc sound can be used 

as a controller for controlling weld quality can be used in the 

welding process.  

For this purpose the techniques of signal processing, statistical 

analysis and soft computing techniques with an artificial 

neural network will use. 

 

 

MATERIALS AND METHODS 

 

The selection process for this study is The gas-shielded 

welding process (MIG), One of the most commonly used 

types of welding. 
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Acoustic signals is recorded in the laboratory during the 

welding process. Acoustic parameters of the process is 

extracted by the signal processing. Weld quality parameter, 

also by Welding Inspection and Testing the quality of welded 

joints is determined. Finally, The relationship between 

acoustic parameters and weld quality parameter can be studied 

with the help of neural network modeling. After data analysis 

and prediction models, the results are presented. 

 

THE GAS-SHIELDED WELDING PROCESS (MIG) 

 

In this process, the arc of electrical energy is heat source and 

shielding gas to protect the electrode tip, the droplet transfer 

during melting in the arc and molten metal pool against to 

Atmosphere used. In some processes, the inert gas, and in 

others, an inactive gas such as carbon dioxide are used. In 

some processes from a mixture of gases used. In this process, 

creating an arc, the electrode(welding wire) is constantly 

melting and is added to  the welding area. Proportional to the 

electrode melting rate, The electrode enter to the weld pool 

with Certain speed.(Figure 2) 

 

 

 

 

 

 

 

 

  

 

Figure 2:  Schematic of the welding process, (MIG) 

 

Process variables are; Welding current, Welding voltage, 

Welding speed, The type of electrode and electrode feed rate, 

Type, purity and pressure of the gas .  

  

SIGNAL PROCESSING 

 

Signal processing is the science that focuses on the analysis of 

signals. In this study, Welding sound is sampled via a 

microphone and using the Matlab environment. For each 

experiment, the signal is processed to obtain the characteristics 

of the signal. Signal processing task is to identify the 

characteristics of the signal. For this purpose, characteristics 

of the signal (The difference between the maximum and 

average sound intensity, The Average of Fast Fourier 

Transform – FFT coefficients and Standard deviation of FFT 

coefficients) is considered as inputs to the neural network. 

These characteristics are obtained from the signal processing 

and FFT transform in Matlab software. 

 

 

DESIGN OF EXPERIMENTS 

 

The welding parameters such as welding voltage, wire feed 

rate and welding speed are most important. For the 

experiments, four levels for welding voltage[20-24-28-32 (v)] 

because the most important, three levels for wire feed rate[6-

8-10 (m/min)] and three levels for welding speed[145-290-435 

(cm/min)] has been considered. According to the number of 

parameters and their levels, 36 experiments done and the 

outputs are measured. In table 1, the tests, Acoustic signals 

and welding shape for each test is shown. 

 

ARTIFICIAL NEURAL NETWORK MODELING 

 

Artificial neural network is the method based on process 

information and data. The structure of neural network models 

are derived from human brain and its neurons. The main 

feature of a neural network is the ability to learn complex 

relationships between inputs and outputs vectors. These 

networks of an input layer, one or more intermediate or hidden 

layer and an output layer are formed.  

Each layer have small parts that are called neurons. Process 

information is done by neurons. The number of neurons in the 

input layer is equal to the number of input parameters and in 

output layer is equal to the number of output parameters. The 

intermediate layer, there may be one or more layers and 

number of neurons in each layer varies. Figure. 3. shows the 

structure of an artificial neural network. 

 

 

 

   

 

 

 

 

 

 

Figure 3: The structure of an Artificial Neural Network, 

(ANN) 

 

Neural networks are a mechanism for learning. This 

mechanism changes the weights of the neural network 

connections so that desired output are obtained. There are two 

methods of learning for neural networks, Supervised learning 

and unsupervised learning. In supervised learning, desired 

input and output are available. In this method, with enter input 

to the network and comparing the network output with desired 

output, the weights are changed until the difference between 

the network output and the desired output reaches an 

acceptable level. 
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Table 1: Matrix experiments, Acoustic signals and welding 

shape 

 

 

 

 

                                                                                                    

 

Test Voltage(v) Wire feed rate(m/min) Welding speed(cm/min) Acoustic signals Welding shape 

1 20 6 145 
        

2 20 6 290 
          

3 20 6 435 
        

4 20 8 145 
       

5 20 8 290 
        

6 20 8 435 
        

… … … …                           …                 … 

… … … …                           …                 … 

34 32 10 145 
        

35 32 10 290 
        

36 32 10 435 
        

 

 

 

 

Table 2: Inputs and output of the neural network, 

resulting from the experiments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

output  Inputs   

weld quality (%)  Max–Average, sound intensity                    Std of FFT Average of FFT Test 

85 0.0714 3.1799      0.7925   1 

90 0.0624 3.5263      0.8263   2 

70 0.0733 3.8725      0.8522   3 

77 0.1598 3.5259      0.9535   4 

60 0.0137 7.5718     1.6976   5 

30 0.3335 7.2572     1.7690   6 

                      …                       … …       …  … 

                      …                       …                                       …       …  … 

40 0.0995 4.1079    1.0538  34 

60 0.1167 3.8415    1.0722  35 

50 0.1260 3.7591    1.0193  36 
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In order to achieve the objectives of this study using an 

artificial neural network with Neural Network Toolbox in 

Matlab. In this neural network, the inputs are acoustic 

parameters welding process (The difference between the 

maximum and average sound intensity, The Average of Fast 

Fourier Transform – FFT coefficients and Standard deviation 

of  FFT coefficients) and the output is the percentage of weld 

quality. Inputs and output of the neural network, resulting 

from the experiments are shown in table 2. 

 

 

RESULTS AND DISCUSSION 

 

In neural network modeling, 29 experiments as the primary 

data (data_train) and 7 experiments as (data_test)    has been 

considered. Figure. 4. Compared the actual quality of the weld 

and the quality of the neural network model is obtained. As 

seen in this figure, data from the neural network model are in 

good agreement with the actual data. Therefore, a neural 

network is an appropriate model for evaluating weld quality. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Compare the Actual quality and ANN prediction 

of quality  

 

 

Figure. 5. shows the relationship between the weld quality and 

(Max-Average) sound intensity. According to this figure, 

(Max-Average) sound intensity decreases with increasing 

quality. One characteristic of a good weld is uniform surface. 

near the maximum sound intensity to the  average sound 

intensity, shows the electric arc energy is more uniform. 

Therefore, whatever (Max-Average) sound intensity be lower, 

weld surface more uniform and better quality will be.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5: Comparison between the weld quality and 

(Max–Average) sound intensity  

  

 

Figure. 6. shows the relationship between the weld quality and 

the Average of  FFT and Standard deviation of  FFT 

coefficients. According to this figure, the Average of FFT 

coefficients decreases with increasing quality. however, by 

increasing the quality, Standard deviation of FFT coefficients 

regularly does not increase or decrease, this value at first 

decreases and then increases. therefore the optimal point there 

must be for this value. 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 6: Compare the weld quality with the Average 

and Standard deviation of  FFT coefficients  

 

 

 

CONCLUSION 

 

an Artificial Neural Network is an appropriate model for 

evaluating weld quality and using Acoustic data as a (On-line) 

Criterion to determine the weld quality. the inputs are acoustic 

parameters welding process (The difference between the 

maximum and average sound intensity, The Average of Fast 

Fourier Transform – FFT coefficients and Standard deviation 

of  FFT coefficients) and the output is the percentage of weld 

quality. data from the neural network model are in good 

agreement with the actual data. the relationship between the 

weld quality and (Max-Average) sound intensity is, (Max-
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Average) sound intensity decreases with increasing quality. 

whatever (Max-Average) sound intensity be lower, weld 

surface more uniform and better quality will be. Also, the 

Average of  FFT coefficients decreases with increasing 

quality. however, by increasing the quality, Standard deviation 

of FFT coefficients regularly does not increase or decrease, 

this value at first decreases and then increases, therefore the 

optimal point there must be for this value. 
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