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Failure Prediction of Wind Turbine using Neural 
Network and Operation Signal 

Dong Hwa Kim, Young Sung Kim 

Abstract- This paper deals with a novel prediction method for 
wind turbine by using neural network and operating data. As 
wind turbine transfer wind energy to electrical power energy, its 
structure has rotation part that capture wind energy, mechanical 
part, and electrical part that convert from mechanical rotation to 
electrical energy. Its working environmental situation is so bad 
like high mountain, sand desert, and offshore to capture good 
wind situation. Therefore, its control and monitoring should have 
high reliability for long terms during operation because its 
maintenance and repairing is very difficult and economically 
high cost. As wind turbine system is composed of three parts, 
there are many components that should be monitored to failure. 
This paper suggests neural network and operation data-based 
prediction method that can predict components' failure through 
data comparison and neural network's training function with 
easy expression of 'Yes' or 'No' for operator.  

Keyword: Wind turbine, Monitoring, Neural network, 
Prediction 

I. INTRODUCTION 

 Currently, many policies, scientists, and engineers have 

been interesting in research motivation wind of turbine 
because of energy issues and environmental problems [1, 2]. 
  Wind turbine system have large rotors and energy 
converter that run under wind condition (direction and speed) 
and weather environments (weather, dust, cold and hot, 
storm, land and offshore, and etc.). So, its control and 
monitoring technology has been required reliability for 
maintenance free and lower cost operation.   Traditionally, 
monitoring system for many components including sensor 
signal failure has been using sensor-based mechanical 
system. However, it is limited in overall system's fault 
tolerance monitoring because wind turbine system has many 
components in nacelle including turbine and tower, and 
sensors.  Additionally, almost cases, WTEP (Wind Turbine 
Electric Power system) are located in mountain and offshore 
to receive strong wind energy. Therefore, it makes difficult 
maintenance and operation. That is, wind turbine monitoring 
and controller design systems should be reliable for long 
term during operation [1-6].  
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  Because WTEP is composed of many components such as 
mechanical part, electric components, sensor, and converters, 
its dynamic system has strong multivariable and highly 
nonlinear behavior. However, it is required strong safety and 
reliability for running over a wide range from bottom to up. 
Herein, we need to introduce advanced control and 
monitoring to achieve efficiency and low cost for operation 
[9]. 
  For highly reliability and maintenance free, prediction 
method is needed but it is difficult only using the traditional 
method. Therefore, recently, AI based advanced prediction 
methods such as machine learning (or deep learning), AI 
based optimization algorithms (neural network, fuzzy, 
bacterial foraging, particle swarm optimization, and etc.) 
have been attention [5, 22, 25, 29].  
  Monitoring method of wind turbine can be approached by 
using only signal situation but it is available by using 
control method. So, we had better understand control system 
of wind turbine. 
  This paper provides fault tolerance prediction method by 
neural network and operation data of control system. This 
paper has two steps: First step is data (signal point) selection 
for the input of neural network; Second step is the design of 
neural network structure. The neural network of this paper 
compares operation data (signal) of control system used as 
one of many inputs to others used as reference input 
(estimation value). The resultant value produces 'Yes' or 'No' 
signal to announce for operator's failure easy understanding. 
It means that this paper's idea is unique. 

II. LITERATURE REVIEW OF WIND 
TURBINEMONITORING   

  Ref. [6] provides model for specified control. This paper's 
key is to offer high-reliability solution for control in 
simulator. 
  Ayse et el [7] suggests sensor-based validation and fault 
detection of wind turbine. Temperature sensor for the 
SCADA is used for monitoring system.  
  Ref. [8] offers the modelling aspects for power system 
operators. This paper also mentions model structure for the 
stability of wind turbine. 
  This paper [9] shows fault tolerant tracking using robust 
estimation and compensating to sensor and actuator 
simultaneously.  
  Francesco et el [10] studies to the wind turbine generator 
fault diagnosis method through SCADA system for the 
healthy condition of wind turbine of Italy. 
  This paper [11] studies the thermal behavior condition of 

gear of wind turbine.  
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For that, this paper uses a detailed information of wind 

turbine gear box and the temperature data of SCADA for 

fault condition detection. 

  Ref. [12] presents condition monitoring method using 
SCADA. This paper uses 5MW wind turbine model for 
study. 
  Kevin et el [13] shows identifying method automatically 
for fault using SCADA. However, it is not research for 
monitoring system. 
  This paper [14] deals with predictive maintenance method 
to improve wind turbine reliability using SCADA. 
  Wenxian Yang et el [15] research the quantitative 

assessment of the health condition of a turbine under 

varying operational conditions. They conduct both 

laboratory and site verification tests. 

  This paper [16] deals with deep learning-based faults 
about component under operation condition using SCADA. 
  Vasishta et el [17] provides noise signal condition by AE 
when wind turbine operations. This paper uses between 
20Hz and 10Khz as signal. 
  This paper [18] focuses on AE based-monitoring under 
different wind turbine condition. For this, this paper uses k-
means clustering algorithm for data getting. 
  This paper [19] presents review of many research papers. 
It deals with AE, AI including. This paper is review paper. 
So, there is no research material. 
  This paper [20] suggests remote monitoring method based 
on AE as well as development of software for automated 
statistical processing of AE data.  
  Ref. [21] illustrates monitoring system of wind turbine 
using wavelet method.  
  Ref. [22] provides an overview of the predictive 
maintenance frameworks.  
  This paper [23] deals with the failure prediction of wind 
turbine system using SCADA. This paper suggests 
forecasting method of temperature condition of wind turbine 
gear box.  
  This paper [24] illustrates bearing fault diagnostics 
method using deep learning. First, this paper reviews briefly 
the conventional machine learning for bearing fault 
applications. And then, this paper reviews various deep 
learning theories for bearing fault diagnostics. 
  Ref. [25] offers simulation process for wind turbine noise 
using ANFIS under Matlab/Simulink. 
  This paper [26] introduces only power prediction method 
by neural network. However, it is not including component 
failure. 

III. DYNAMICMODEL OF WIND TURBINE SYSTEM 
FOR COMPONENT IDENTIFICATION  

A. The Behavior of the Wind Turbine System  

Betz's law for Wind Turbine and Wind Energy 

  This paper uses Betz model approach for input of the 
wind turbine model to describe prediction system. 

  The wind turbine is a driving system that conversion the 
kinetic energy of wind into mechanical energy as shown in 
Figure 1.  

 

Figure. 1a. The basic model of wind turbine [27, 28] 

 

Figure. 1b. Betz flow tube law for wind turbine power 
generation [27, 28] 

  By Bets law as shown in Figure 1b, the mechanical power 
by wind turbine is defined as the equivalent surface to the 
active surface S of the wind turbine: 

𝑃𝑟 ==
1

2
𝜎𝑆𝑉3 =

1

2
𝜋𝜎𝑅2𝑉3𝐶𝑝(𝑥1,𝑥4,𝑉).          (1) 

  When this paper uses air density 𝜎=1.225kg/m3, the 
value of equation (1) for the specified value is given by 

𝑃𝑚 =
16

27
𝑃𝑟 = 0.59𝑃𝑟 .               (2) 

  Equation (2) means that the maximum energy by wind 
turbine cannot exceed 59% of the wind kinetic energy. That 
is, a wind generator can never exceed 59% of the kinetic 
energy of wind. Therefore, the theoretical maximum power 
coefficient is defined by 

Φ𝑝
𝑚𝑎𝑥(𝜇, 𝜑) =

𝑃𝑚

𝑃𝑣
=

2𝑃𝑚

𝜎𝑆𝑉𝑣 
3 ≤ 0.59.          (3) 

  Where, the blade tip speed to wind speed (speed ration) 𝜇 
can be defined as 

𝜇 =
𝑅𝑆𝑟𝑜𝑡

𝑉𝑣
.                   (4) 

  𝑆𝑟𝑜𝑡 is rotational speed before gear box. Maximum power 
is determined by coefficient Φ𝑝

𝑚𝑎𝑥  that represents 
aerodynamic efficiency of wind turbine. It is determined the 
characteristics of the turbine. This coefficient is 
characterized by the speed ratio 𝜇 and the blade angle 𝜑.  

  In Figure 1b, when the first step of rotor speed V1, the 
rotor downstream speed V2, the average speed V, and the air 
density 𝜎 are defined, the power conversion is given by 𝐶𝑝, 
which is wind turbine efficiency.  
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That is, 𝐶𝑝 is the actual electric power ratio generated by 
wind turbine. 

Wind Turbine modeling 

  The wind turbine converts the kinetic energy of the wind 
into torque by rotation of rotor as shown in Figure 2. Where, 
three factors (radius of the wind generator R, rotational 
speed 𝑆𝑟𝑜𝑡 , the maximum power coefficient Φ𝑝

𝑚𝑎𝑥 ) 
determine the ratio of energy conversion. That is, 
mechanical power is determined by the air density, the 
rotor's sweeping area, and the wind speed. Air density and 
wind speed are determined from weather condition.  

 

 
Figure. 2. Wind turbine structure for modeling [28, 29, 

50] 
  The power coefficient is specific to each wind turbine 
based on parameters measured under the designed wind 
turbine. Therefore, the power coefficient is defined by the 
following equation [1,2,3, 27, 28] as shown in Figure 2 and 
equation (5): 
 

 Φ𝑝
𝑚𝑎𝑥(𝜇, 𝜑) = 0.5176 (

116

𝜇𝑖

− 0.4𝜑 − 5) 𝑒
−

21
𝜇𝑖 + 0.0068𝜇 

1

𝜇𝑖

=
1

𝜇 + 0.08𝜑
−

0.035

𝜑3 + 1
 

(5) 
   
  Using Figure 2 and equation (1) and equation (5), power 
coefficient can be summarized as  
 

Φ𝑝
𝑚𝑎𝑥(𝜇, 𝜑) =

𝑃𝑚

𝑃𝑣
= Φ𝑝(𝜇, 𝜑)

1

2𝜎𝜋𝑅2𝑉𝑣 
3.      (6) 

 
  Because the gear box strongly links between the turbine 
and the generator, it should adapt from the fastest speed of 
the generator to the slowest of the turbine. Therefore, it is 
modeled by the two following equations [1, 27, 28]: 
 

S𝑟𝑜𝑡
𝑚𝑎𝑥(𝜇, 𝜑) =

𝑃𝑎𝑣𝑒

𝐺𝑣
,              (7a)  

Φ𝑝
𝑚𝑎𝑥(𝜇, 𝜑) =

𝑃𝑎𝑣𝑒

𝐺𝑣
.              (7b) 

 
  By using inertial, the generator shaft is modeled by the 
following equation: 
 

𝐽
𝑑𝑆𝑟𝑜𝑡

𝑑𝑡
− ΣC = 𝑇𝑡𝑜𝑟 − 𝐶𝑓𝑖𝑟.        (8) 

𝐶𝑓𝑖𝑟 = 𝑓𝑆𝑟𝑜𝑡  
 

  Where, J is the total inertia, 𝐶𝑓𝑖𝑟  is viscous frictional 
torque. 
  The total torque (𝑇𝑡𝑜𝑟) which equals the superposition of 
the generator and electromagnetic torques is defined as 
 

𝐽
𝑑𝑆𝑟𝑜𝑡

𝑑𝑡
+ 𝑓𝑆𝑟𝑜𝑡 = 𝑆𝑟𝑜𝑡 = 𝐶𝑓𝑖𝑟 − 𝐶𝑒𝑚.        (9) 

 

Figure. 3. Wind turbine modeling structure [3, 5] 

  Figure 3 shows that wind turbine has many parameters 
such as turbine parameter, generator parameter, generator 
parameter. to monitor and control.  
  Usually, the wind speed is not uniform across the rotor 
plane and when instantaneous wind fields are analyzed near 
the rotor plane, the wind input varies in space and time over 
the rotor plane itself. The deviations of the wind speed from 
the nominal wind speed across the rotor plane. 

Pitch System Modeling of Wind Turbine 

  The pitch model can be expressed by simply. However, 
this paper illustrates by using the state space model of the 
pitch for monitoring easily, which system is given as [10, 
11]; 

[
𝜃

𝜃̈

̇

] = [

0               1

−𝜔𝑛
2     − 2𝜉𝜔𝑛

] [
𝜃

𝜃̇
] + [

0

𝜔𝑛
2
] 𝜃𝑟  (14a) 

𝑦 = [
1    0

0    1
] [

𝜃

𝜃̇
].                 (14b) 

and its response is defined by 2nd system; 

𝜃(𝑠)

𝜃𝑟(𝑠)
=

𝜔𝑛
2

𝑠2+2𝜉𝜔𝑛 (𝑠)+𝜔𝑛
2 ,             (15) 

where 𝜔𝑛  is the frequency ration and 𝜉 is damping ratio 
and  𝜃(𝑠) and 𝜃𝑟(𝑠) are pitch angle and the reference of 
pitch angle signal.   The equation (15) means that the pitch 
angle system of wind turbine can be expressed by 2nd 
system response. By using equation (15), we can analyze 
and simulate the characteristics of pitch angle system like 
the general automatic control system.  Therefore, it is quite 
important to find what modelling and control aspects will be 
useful to have an efficiency and reliability. Consequently, a 
proper mathematical expression method of wind energy 
conversion leads to the control and monitoring system 
design and we must recognize the importance of control and 
monitoring strategy.   Herein, this paper suggests on 
neural network and operation data-based monitoring 
approach. 
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B. State Equation of Wind Turbine Dynamic Model  

  The state expression of the model is shown in the form as 
follows [7,8]:  

𝑋̇ = 𝐴(𝑥) + 𝐵(𝑢) = [

𝐴1

𝐴2

𝐴3

𝐴4

] + [

0
0
0
𝐵4

] 𝑢.         (10) 

  Where, state vector 𝑋̇, input vector u, system vector A(x) 
are given as: 

𝑋 = [𝛼, 𝛽, 𝛾, 𝛿]𝑇, 𝑢 = 𝛿𝑖 .               (11) 

𝐴(𝑥) =

[
 
 
 
 
 
 
𝑃(𝑥1,𝑥4)

𝑥1𝐽𝑟
−

𝑥1𝐷𝑠

𝐽𝑟
+

𝑥2𝐷𝑠

𝑁𝑔𝐽𝑟
−

𝑥3𝐾𝑠

𝐽𝑟

(𝑥1,𝐷𝑠)

𝑁𝑔𝐽𝑔
−

𝑥2𝐷𝑠

𝑁𝑔
2𝐽𝑔

+
𝑥3𝐾𝑠

𝑁𝑔𝐽𝑔
−

𝑇𝑔

𝐽𝑔

𝑥1−
𝑥2

𝑁𝑔

− 1

𝑡𝑖
𝑥4 ]

 
 
 
 
 
 

     (12) 

𝐵 = ⌈0,0,0,
1

𝑡𝑖
⌉.                       (13) 

  This state equation can be used signal failure status of 
components of wind turbine. When we use this state 
equation, we can see clearly relation between components 
and link status of all component parameters and find out 
which component signal failure.  

IV. FAILURE PREDICTION BY NEURAL NETWORK 
AND OPERATION DATA 

  Figure 4 and Figure 5 show a novel method to predict 
failures of wind turbine system described in this paper. 
  This paper suggests the two steps for failure prediction: 
First step is parameter decision and second step is neural 
network design. 

A. Parameter Selection 

  This paper selects the parameter mechanical data (shaft 
speed, pitch angle variation), the wind data (wind speed, 
wind direction, air density), and reference data to monitor as 
shown in Figure 5a. Reference data can offer many 
references value, which is depending on designer's decision, 
to monitor. However, this paper uses only pitch angle 
reference data to simulate. 

B. Design of Neural Network Structure 

 
Figure. 4a. Wind structure for prediction by NN 

 

 
Figure. 4b. Prediction signal procedure of neural 

network for Wind structure 

 
Figure. 5a. The neural network structure for prediction 

  The structure of neural network used in this paper is as 
shown in Figure 5a. To train this neural network, firstly, we 
should decide input of neural network. This paper uses 
mechanical parameters (pitch and actuator error), generator 
parameter (electrical power, frequency) parameter estimator 
(wind data, generator final produce value, neural network 
data) from control system. Second step is to design neural 
network which input is useful to monitor and how many 
hidden layer, and what output is better to monitor as shown 
in Figure 5a. Item of input used in this paper for input of 
neural network as shown Figure 5a. 
  This paper uses 40 hidden neurons, with logsig-trainlm 
and purelin training functions, the data acquired for this 
training is as shown in Figure 5a. 
  Final outputs (or target) of neural network are: True or 
false (Logical 1 and 0 outputs) for failure/fault scenarios 
predictions and the predicted power out. 
  This paper adjusts training gain of neural network till 
summarized error reaches signal through MAE (Root Mean 
Square) as shown in equation (14). 

𝑀𝐴𝐸 =
1

𝑛
∑ |𝑥𝑖 − 𝑥̅|𝑛

𝑖=1           (14) 

  Figure 5b shows the training process of neural network 
under Matlab tool. 
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Figure. 5b. The neural network structure of Matlab 

V. SIMULATION AND RESULTS 

 
Figure. 6. The Simulink structure of aerodynamic model 

built based on Figure 2b and Figure 3 

 
Figure. 7. The curve of Cp to pitch angle=2 

 
Figure. 8. The curve of Cp to pitch angle=12 

  This paper suggests and simulates the structure a novel 
methodology to predict using neural network and operation 
data. 
  Figure 6 is Simulink structure built from Figure 2b and 
Figure 3. Figure 7 and 8 shows the curve to variation of Cp 
used equation described in section III. 
  Figure 9 and 10 represents the data of the different yield 
graphs when we change pitch angle and speed ration. 
We change the value of inputs of beta where pitch angle= 
2,4,6,8,10,12. We introduce the different values of Cp as 
shown in the Figure 10. 

 
Figure. 9a. The data of speed ration and Cp. 

 
Figure. 9b. The data of speed ration and Cp. 

 
Figure. 10. Power coefficient vs. speed ration for 

different pitch angle (δ) 

  In Figure 10, there are several curves distinguished 
depends on speed ration and pitch angle but this paper 
focuses on the one curve with the highest peak. This curve is 
shown by Power coefficient vs. speed ration for different 
pitch angle (δ).   It means that when we change pitch 
angle, we can obtain the maximum power of wind energy.  
  Figure 11 illustrates the curve of real time wind speed and 
Figure 12 shows mechanical speed (turbine speed). 
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Figure. 11. The curve of real time wind speed (m/s) 

 
Figure. 12. The curve of turbine speed (mechanical speed) 

m/s 

 
Figure. 13. Power produced by wind turbine (MW) 

    Figure 13 represents the power produced by wind 
turbine system used in this paper. The corresponding results 
of the mechanical speed show that the variations of the 
mechanical are adapted to the variation to wind speed. It 
means that wind energy transfers to mechanical power well 
but it shows a relatively slow response with respect to its 
variations (which validate the Betz law). 
  Figure 11-13 shows well this paper's model value for 
training data of Figure 5 has proper value. 
  Figure. 14 shows the overall Simulink structure of 
prediction system including neural network built in this 
paper. 

 
Figure. 14. The overall Simulink Structure of Prediction 

System Including Neural Network 

 
Figure. 15. The training process of the neural network of 

Figure 5 

  Figure 15 shows training shape of neural network of 
Figure 5. Figure 16 presents signal status of failure produced 
by neural network and Figure 17 shows logic table of failure 
prediction signal produced equation (14). As we can see 
from Figure 17, signal classifies as digital of 'Yes' or 'No' 
and signal lamp to express easily.  

VI. CONCLUSION 

  This paper proposes prediction method to components 
failure of wind turbines using the neural network and 
operation signal of control system.  
By using available operation data (signal), the neural 
network trains to make predictions that reflect what normal 
operating condition of turbine would be useful, which input 
of the neural network depends on wind situation as shown in 
Figure 5a. 
In case of monitor system, we can monitor system by using 
data and signal for system fault but we can do it by using 
control signal.  
Especially, when we can estimate parameter of control 
system, it is quite good to monitor because we can find fault 
status of control signal. That is this paper's final purpose to 
obtain better monitoring system. 
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Figure. 16. Alarm signal by the neural network 

 
Figure. 17. Actual signal and data variation of prediction 

system by the neural network 

   There are many components in wind turbine such as 
sensors, actuators, converter, mechanical driver, computer, 
software, and others. Additionally, wind turbine sites locate 
in long distance and offshore. Therefore, its maintenance 
and operating trust system are quite important to make an 
efficiency. That is, the reliability of wind turbine should be 
assumed for the energy conversion capacity and clean 
energy uses.   By taking into account this importance for 
wind turbines and operating system, this paper studies 
prediction system that control engineering and monitoring 
are more competitive and effective through neural network 
training of operation data.   The prediction should produce 
announcement on what the channel (component) is 
abnormal behavior of wind turbine at an instant time and 
this prediction is compared to the actual measured value to 
trust operating system. However, operator cannot measure 
during operation easily because of difficult environment of 
wind turbine.   If there are some differences in the data of 
prediction system as neural network input, it means the 
measured value is out of the normal operating range or 
system and it can be a potentially fault.    The alerts 
generation module of neural network designed of this paper 
is available to express how much the measured value is 
deviating from the predicted normal behavior and then 
generates alerts to announce the operator something might 
be wrong. 
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