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 Abstract 
Traction Motors Condition Monitoring is one of the important factors in increasing motor life time 

and prevention of any train sudden stop in track and thereupon avoiding interruptions in track traffic. 

In this paper, a neural network based method for detecting unbalanced voltage fault which is one of 

the various faults in 3-phase traction motors was surveyed. Proposed method is independent from load 

state and fault percentage; which means neural network is able to detect fault and load condition 

without any assumption about the state of the load and fault. In proposed method, two separate neural 

networks are used for each problem. Experimental acquired data is used to train neural networks. 

Based on first test results, the neural structure could detect unbalanced voltage fault percentage with 

98.5% precision. Also, based on second test results, the neural network could detect load condition 

accurately in 97% of the cases. According to these results, neural network is a good choice for solving 

similar problems.  
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Introduction 
Nowadays induction motors play a vital role in the industrial fields of different countries. Nearly in 

every basic industry such as railway transportation (urban, suburban), oil, petroleum and etc. Traction 

motors specially squirrel cage induction motors have vast advantages such as low maintenance costs, 

high reliability, low upfront cost, being light and occupying a small space and small start up inertia, 

high efficiency and capability of running in severe environmental conditions. These motors based on 

their application face various challenges that leads to stator or rotor failure. Although some devices 

such as fuses, over load relays and circuit cutter are used to protect inductive motors, the research 

have focused on types and the reasons of the failure of the rotor, stator and failure analysis. 

Determining whether a motor is working under proper conditions or not, whether it needs a service or 

not and what type of test it may need to go through, could be very beneficial in terms of economic 

considerations and could be conducive to more reliability and reduce maintenance costs. 
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Sometimes a sudden failure in train traction motor could result in an unexpected train stop and 

consequently an unplanned traffic jam in the line. So if we were able to detect the traction motor 

faults while it is running, we could adopt some tricks to prevent propagation of failure and following 

problems regarding the train stop. 

The kind of faults of machines are varied. However the most frequent are [3, 4, 5, 6]: 

1) opening or shorting of one or more of a stator phase winding, 

2) broken rotor bar or cracked rotor end-rings, 

3) static or dynamic air-gap irregularities, 

4) bearing failures  

These faults may be observed through some of the following symptoms: 

1) unbalanced air-gap voltage and line current, 

2) increased torque pulsations, 

3) decreased losses, 

4)  excessive heating, 

5) environmental stresses/contamination   

Unbalanced voltage is one of the most frequent interference in electrical systems. Large single phase 

loads, unbalance loads, system faults, etc are some of the causes of unbalanced voltage. Most of the 

standards only specify the percentage of unbalanced voltage without indicating the unbalance 

condition. The reality is that there are many unbalanced voltage cases which have the same voltage 

unbalancing factor but have different effects on loads. Unbalanced Voltage causes the performance of 

motor to deviate from desirable condition.[7,12]  

The currents at normal operating speed with unbalanced voltages will be greatly different in the 

order of approximately 6 to 10 times the unbalanced voltage.  This can cause the motor protection 

system to malfunction. The locked-rotor torque and breakdown torque are decreased when the voltage 

is unbalanced. If the unbalanced voltage was extremely severe, the torques might not be adequate for 

the application also the full-load speed is reduced slightly when the motor operates with unbalanced 

voltages.[13]  

Different analytical methods are presented for analysis of 3-phase induction motors under 
different unbalanced voltage conditions. Monitoring and Diagnosis of External Faults in 
Three Phase Induction Motors Using Artificial Neural Network [8], Induction Motor Fault 
Detection and Diagnosis Using Supervised and Unsupervised Neural networks[10], Failure 
identification of induction motors by sensing unbalanced stator currents[9], Induction Motor 
Supply Voltage Variations for Distribution System Faults[11], are parts of analytical methods 
presented for analysis of induction motors fault. 

In this paper, a neural network based method for detecting unbalanced voltage fault percentage and 

its load condition in a 4KW 3-phase induction motor is proposed (motor parameters in this 

experimental work are introduced in appendix 1). This Proposed method is independent from load 

state and fault percentage; it means proposed neural network is able to detect fault and load condition 

without any assumption about fault type. In This method, two separate neural networks are used for 

each problem. Experimental acquired data is used for training neural networks. 

 

Voltage unbalance definition 

For a 3-phase system, there are two different definitions of the voltage unbalance: IEC standard 

definition and NEMA standard definition. The IEC standard definition defines the voltage unbalance 
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as the ratio between the amplitude of the negative sequence component, V2, to that of the positive 

sequence component, V1, 

    Percent Voltage Unbalance = 100
1

2 
V

V
                        (1) 

While the NEMA standard defines the voltage unbalance as the ratio between the maximum deviation 

from the mean value of 3 line voltage magnitudes, Vab, Vbc and Vca, to the mean value of these 3 line 

voltages, The voltage unbalance in percent may be defined as follows: 

Percent Voltage Unbalance = 100
max
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v
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(2)

 
 

Motor Operation with Unbalanced Voltage Supply 

The unbalanced voltage supply is created by 3 single-phase variable autotransformers, as shown in Figure 

(1). The wiring diagram of these autotransformers is shown in Figure (2). By adjusting the output voltage of the 

individual autotransformer, a certain level of voltage unbalance is created at the motor terminals.  
 

     

  
Figure 1: Experimental setup to create unbalanced voltage          Figure 2: Wiring diagram of the transformers. 

         supply. 3 single-phase variable autotransformers.                                                                                        

 

When the line voltages applied to a polyphase induction motor are not equal, an unbalanced current in the 

stator winding would be the result. a small percentage voltage unbalance will result in a much larger current 

unbalance. Consequently, the temperature rises more than of the motor operating under the same condition with 

balanced voltages. The current and voltage waveform for 380v and full-load is shown in figure 3-a,b. for 

comparing the effect of unbalanced voltage, current and voltage waveform in 8% of unbalanced voltage is 

shown in figure 4-a,b 
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                                      (a)                                                                      (b) 

Figure 3: (a):380v full-load voltage in motor proper condition (b): amplitude of current in motor proper condition 

 

 
                                       (a)                                                                (b) 

Figure 4: (a): voltage in 8% unbalanced voltage (b): current in 8% unbalanced voltage 

 

If the voltages are unbalanced, the rated horsepower of the motor should be multiplied by the factor shown 

in figure 3 to reduce the possibility of damage to the motor. Operation of the motor above a 5% voltage 

unbalance condition is not recommended. When the derating curve of figure 3 is applied for operation on 

unbalanced voltages, the selection and setting of the overload device should take into account the combination 

of the derating factor applied to the motor and increase in current resulting from the unbalanced voltages. 

 

 
Figure 5: Medium Motor Derating Factor Due to Unbalanced Voltage 

 

Artificial Neural Networks 

Neural network systems consist of parallel distributed information processing units with different connection 

structures and processing mechanism. They have large variety of applications in engineering such as function 

approximation, pattern recognition and etc. The architecture of a neural network specifies the arrangement of the 

neural connection as well as the type of units characterized by an activation function. The processing algorithm 

specifies how the neurons calculate the output vector for any input vector and for a given set of weights. The 

training algorithm specifies how the NN adapts its weights w for all given input vectors, called training vectors. 
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Thus, the neural network can acquire knowledge through the training algorithm and store the knowledge in 

synaptic weights. 

There are many types of ANNs but the most commonly used are the multi-layer feed-forward networks, as, a 

three-layer network (input, one hidden and output layers). The bias unit, whose activity level is fixed at 

one, is connected to all neurons in the hidden and output layers to adjust the weighted sum input of 

each neuron. The output of the jth neuron is obtain as 

    )3(







 

i

jijijjjj bxwfnetfo  

Where x1, x2, ..., xi are the input signals, wj1,wj2, …, wji are the synaptic weights of neuron i; fj is the 

activation function; and oj is the output signal of the neuron. Generally, the sigmoid function is used 

as the activation function. The output of each FFNN is connected to a simple perceptron neural 

network having threshold effectively adds an offset to the weighted sum. 

)4(
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Where y
o 
is final output simple perceptron neural network, fl is a linear function. 

In order to find the best topology for accurate detection of unbalanced voltage fault percentage and its related 

load condition of motor, an extensive series of studies have revealed that it is not satisfactory to merely employ a 

single ANN and attempt to train it with a large amount of data. A much better approach is to separate the 

problem into two parts: firstly to employ and train an ANN to classify the load conditions; secondly, to use 

another ANN for approximating unbalanced voltage fault percentage. Because of this, two fully connected 

three-layer feed-forward ANNs with Variable Learning Rate Back propagation (GDX) learning algorithm has 

been used in detection of unbalanced voltage fault percentage and its related load condition of motor. 

The first one, is a MLP with 6 input, 8 hidden and one output neurons which is used for unbalaced 

voltage fault percentage detection. The top part of figure 6 is shown the structure of proposed neural 

network. The second, is another MLP with 6 input, 8 hidden and 5 output neurons which is used for 

detection of load condition of induction motor. 

In both network, inputs are 6 features which are extracted from 3-phase voltages and currents. The 

features include vmax, vmin, vave, imax, imin and iave. 
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Figure 6: The neural network structure for detection of unbalanced voltage fault percentage and its related load 

condition of induction motor 

 

Experimental Results 

In this work, data acquisition system is used for sampling the stator currents and voltages. In this 

experiment, the connected variable load drags its current from a DC generator which is run by an 

induction motor. The data acquisition and human-machine interface tasks were developed with 

Matlab. Sampling rate for data acquisition was 10000 samples per second (see appendix 2).  

Acquired data consists of 110 voltage and 110 current records that were used for neural network 

training. Each training sample includes 6 features, 5 binary values for determining load condition and 

an integer value for determining unbalanced voltage fault percent. 

 

Unbalance Voltage Fault Percentage Detection Test 

In this test, neural network is used to approximating Unbalanced voltage fault percentage function. 

In this case, neural network has only one output which can varies from minimum to maximum fault 

value (0 to 20). The result of running neural network on 10 samples of test set is shown in figure 7. 

The ( ) symbol indicates trained values and ( ) symbol indicates approximated values. 
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Figure 7: The result of running neural network on 10 Samples of test set 

 
According to figure 7, neural network can detect the fault percentage whit the reasonable accuracy. 

After above 10 neural network runs, average precision is reached to about 98.5 percent. 

Load Condition Detection Test 

In this test, neural network is used to detecting one of 5 load conditions. In this case neural network has 5 

binary outputs which can be 0 or 1. Desired output of neural network for each load condition is shown in table 1. 

The result of running neural network on 10 sample of test set is shown in table 2. In this table, fault 

type can be pmc, uuv-s, uuv-d and ouv-s (which indicate motor proper condition, under unbalanced 

voltage with two same phases, under unbalanced voltage with three different phases and over 

unbalanced voltage with two same phases). output of neural network determines the load condition. 

This detection is in the from of a Boolean output (T or F) which means the detection is True or False. 

 

Table 1: Desired output of neural network for each load condition 

 

 
Output 

1 

Output 

2 

Output 

3 

Output 

4 

Output 

5 

No-

load 
1 0 0 0 0 

0.25 

load 
0 1 0 0 0 

Half-

load 
0 0 1 0 0 

0.75 

load 
0 0 0 1 0 

Full-

load 
0 0 0 0 1 
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Table 2: The result of running neural network on 10 sample of test set 

 

 
Fault 

type 
Fault value 

Load 

condition 

Output 

1 

Output 

2 

Output 

3 

Output 

4 

Output 

5 

Detectio

n 

1 pmc O 0.75 0.0009 0.0141 0.99 -0.0052 0 T 

2 uuv-s 2% 0.25 -0.0011 -0.9907 0.0113 -0.0009 0 T 

3 uuv-s 4% Full-load 0 0.0008 -.0008 0.0002 1.0002 T 

4 uuv-s 10% 0.75 0 0.0044 -0.0023 0.998 -0.0001 T 

5 uuv-s 18% 0.75 0 0.0044 -0.0023 0.998 -0.0001 T 

6 uuv-s 2% 0.25 -0.0013 0.9909 0.0114 -0.001 0 T 

7 uuv-s 6% Half-load -0.0213 0.0004 -0.9779 0.0004 0 T 

8 uuv-s 2% No-load -0.0013 0.9901 0.0114 -0.001 0 T 

9 uuv-s 4% No-load 0.0079 0.9817 0.0115 -0.001 0 T 

10 uuv-s 6% Half-load -0.0035 -0.0613 1.1204 -0.06 0.0045 T 

 
After above 10 neural network runs, average precision is reached to about 97%  percent. 

 

Conclusion 
In this paper, a neural network based method for detecting unbalanced voltage fault percentage and 

its load condition in 3-phase induction motor 4KW was proposed. This method is independent from 

fault type; it means proposed neural network is able to detect fault and load condition without any 

assumption about fault type. 

Based on first test results, the neural structure could detect unbalanced voltage fault percentage 

with 98.5% precision. Also, based on second test results, the neural network could detect load 

condition accurately in 97% of cases. According to these results, neural network is a good choice for 

solving similar problems. 
 
APPENDIX(1) 
The parameter of the selected 3-phase squirrel 
Cage induction motor for experimental test: 
Vrated=380 V                    Irated=8.2 A 
f= 50                                Prated=4 KW 
Rs= 1.455                         Rr= 2.17 
Xm=57.1 

 
APPENDIX(2) 
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12-bit A/D converter, with up to 100 kHz sampling rate 
Two 12-bit analog output channels (Only for PCI-1711) 
Programmable gain for each input channel 
16 digital inputs and 16 digital outputs 
On-board 1K samples FIFO buffer 
Automatic channel/gain scanning 
Programmable pacer/counter 
16 single-ended analog inputs 
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