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Abstract - Gearbox and the blades are classified as the 
most critical and expensive components of the wind 
turbine. Moreover, these parts are prone to high risk 
failure when compared to the rest of the wind turbine 
components. Due to the global significant increase in 
wind turbines, a reliable and cost effective condition 
monitoring technique is essential to maintain the 
availability and to improve the reliability of wind 
turbines. This paper aims to present a comprehensive 
review of the latest condition monitoring techniques 
for turbine gearbox and blades which are considered 
as the crux of any wind energy conversion system. 
 
Index terms – Wind turbine, Condition monitoring, 
Gearbox, Blades 
 
 

I. INTRODUCTION 

 
ue to the degradation and cost increase of 
conventional fossil fuel along with the global trend 

to decrease the greenhouse effect, clean energy 
production from renewable sources has been given a 
great concern during the last few decades. Among those, 
wind energy conversion system (WECS) has received a 
remarkable attraction and it is estimated to produce about 
10% of the global electricity by the year 2020[2]. For 
instance, countries such as Denmark, Germany and 
Spain, wind turbines are taking a part of the countrywide 
power networks. The reliability of wind turbines has a 
great influence on the performance of the network [1]. 
Late models of wind turbine come in two configurations; 
horizontal –axis (HAWTs) and vertical –axis (VAWTs) 
referring to rotor operating principle. The principle 
operation of both configurations is to change the kinetic 
energy of the wind into mechanical power that drives an 
alternating current induction generator to produce 
electricity. There is a constant need for the reduction of 
operational and maintenance costs of wind energy 
conversion systems (WECSs) through the adoption of 

reliable and cost effective condition monitoring 
techniques that allow for the early detection of any 
degeneration in the system components, facilitating a 
proper asset management decision, minimizing 
downtime, and maximizing productivity. The cost of a 
wind turbine in comparison to a diesel generator is 
extremely high. Furthermore, regular maintenance can be 
up to 2% of the total price of the turbine[2]. However, 
occasional malfunction of specific parts such as blades, 
gearbox, tower, and braking system can result in high 
expenses and in some situations, may lead to a 
catastrophic failure jeopardising the whole investment. 
Wind turbines are different from traditional rotating 
machines as they usually operate in remote locations, 
rotate at low and variable speed and work under 
constantly varying loads[3]. For these reasons reliable 
condition monitoring system for wind turbines is 
essential to avoid catastrophic failures and to minimise 
the requirement of costly corrective maintenance[2]. 

 

II. WIND TURBINE GEARBOX 

 
When grid fault followed by electromagnetic transient 
torque takes place, the gearbox will experience fatigue 
and massive stress that will affect the overall 
performance of the wind turbine[4]. Condition 
monitoring of the drivetrain is essential to explore 
incipient faults allowing effective maintenance and 
reliability improvement. Various gearbox failures have 
been investigated in the literature [5]. Hot spots within 
gearbox may be developed due to the degradation of 
lubrication oil. This leads to high bearing temperature and 
accelerates the aging of lubrication oil. Another problem 
facing the gearbox is that when a wind gust hits the rotor 
blades, blades movement can cause a temporary 
misalignment between the two shafts connected through 
the gearbox. This misalignment can produce damage on 
the bearing loads and reduce lifetime of the wind turbine 
[6]. Vibration measurement of the gearbox and bearings 
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returns data that enable the calculation of the wind 
turbine mechanical characteristic. Attaching sensors to 
the rotational components of the wind turbine can 
estimate the acceleration level of various rotational spots 
which aids in identifying any incipient mechanical 
failure[7]. Spectral analysis is a way to analyse the 
vibration data based on Fourier transform. By analysing 
these spectrums, the health condition of rotating 
components can be identified. According to Zhang et al 
[8], wavelet and Fourier transformation are the common 
methods that have been used to identify gearbox faults. 
Wang et al[9] utilized wavelet method for fault diagnosis 
of a gearbox under fluctuating loads. Cibulka et al [10] 
investigated the bearing faults in a single stage gearbox 
attached to an induction machine by monitoring the stator 
current. Yuan and Lilong [11], analysed the vibration 
signal obtained from a healthy and damaged gearbox 
using the variable amplitude Fourier series and compare 
the outcomes with the wavelet analysis method. In [12], 
harmonic Wavelet-Based Data filtering is used for 
enhanced time frequency features for multiple sensors 
signals in order to improve failure identification and 
quantification. Molins at al [4], illustrated that by 
controlling the terminal voltage of induction generator 
through the compensation of reactive current using static 
synchronous compensator will mitigate the 
electromagnetic torque stress on the generator rotor shaft. 

Luo et al [13], illustrate that vibration-based condition 
monitoring is one of the most effective techniques that 
can detect gearbox failure of wind turbine especially in 
the high speed side rather than low speed side. This is 
attributed to the inherent sensitivity of the accelerometers 
to high frequency vibration. Luo et al concludes that the 
digital domain synchronous sampling technique will 
enhance the performance of wind turbine drivetrain fault 
detection. Zhang et al [8] used time domain and 
frequency domain analysis for vibration data of an 
impaired gearbox by connecting the low speed side to the 
rotor and the high speed side to the generator as shown in 
Fig. 1. As a result, success achieved in detecting the fault 
of the intermediate- and high-speed stages[8]. 

 

 

Fig.1. Gearbox Structure [8] 

Figure (2) concludes the most effective condition 
monitoring technique for the gearbox [13]. Watson et al 
mentioned that spectral analysis of the output power 

signal  is an effective way to monitor the rotor asymmetry 
as well as the gearbox bearing faults[14]. Recently, 
Wavelets, high powerful tool, have been validated to 
detect the shaft misalignment and bearing troubles by 
analysing the output power signal of the variable speed 
wind turbine[15]. 

 

Fig. 2 Gearbox Condition monitoring Techniques. 

 

III. WIND TURBINE BLADES 

 Turbine blades are the most visible parts of the wind 
turbine. This component is plying a vital role to produce 
energy by transferring the wind kinetic energy to rotating 
mechanical energy[2]. Ciang et al illustrate that the 
liklehood section prone to mechanical faults is about 70% 
in chord length from the blade root as proven practically 
and by simulations [16]. 
 

 

Figure (3): Diagram showing the inside of the nacelle(main 
components)[17]. 



 

 

Figure (4) : The spanwise location of a blade that is likely to damage 
[11]. 

The wind power can be harvest by the blades in order to 
achieve a mechanical power is calculated as below.   
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Where, ρis the air density, Ais the sweep, C is the power 
coefficient of the blade and v is the wind speed.  
Modern wind turbines blades are generally made from 
fibre reinforced plastics mixed with other material such 
as plastic foam and wood. These materials have the 
advantage of low cost and high mechanical strength [10-
11]. Wind turbine rotor should withstand10 stress cycle 
in a 20 year of their estimated life taking into account 
creep and corrosion [18]. Rotor imbalance which 
produces large stress and instability operation affects the 
blades performance. Moreover, moisture attacks the 
surface may increase the growth of the existing cracks 
owing to cyclical freezing. Also, icing, surface roughness 
and any other fault occur while transportation has a 
negative effect on the blades performance[18] . 
 

 

Fig. 5 Power curves for turbine with variable length blades [14]. 

Maki et al illustrated that taller tower will enhance the 
output power through increasing the wind captured by the 
swept area of the rotor as per the equation below. 
 

                           
.

                         (1) 

 
Where V is the wind speed at the hub, Vref is the 
reference wind speed at the reference hub height and Href 
is the reference hub height. The power-law coefficient of 
0.34 is suitable for neutrally stable air above human-
inhabited areas[19].Sharma et al [20], investigated the 
impact of variable blades length on the wind turbine 
performance. Results show that the variable length blades 
can capture almost twice that of the fixed length blades as 
can be shown in Fig 5. Besnard and Lina [21], report on 
different condition monitoring strategies for wind turbine 

blades which include visual inspection, ultrasonic or 
thermography techniques, and online condition 
monitoring using fiber optic. Fig. 6 shows a comparison 
between different methods of the expected maintenance 
cost for different maintenance strategies for a practical 
case study in [15].  The figure reveals that online 
condition monitoring technique introduces the lowest 
maintenance cost for the case study mentioned.  
 

 
Fig.(6 ) Expected maintenance costs for the different maintenance 

strategies as a function of the inspection interval t  for the 
case study (one blade) [15]. 

Schubel et al [22], compares different methods of 
monitoring large wind turbine blades, such as dielectric 
method, acoustic, ultrasonic and fibre optic method. 
Some difficulties are facing the implementation of these 
methods especially, the dielectric sensors method as 
sensors size will affect the resin mechanical performance 
[23-26].  
 

IV. CONCLUSION 

This paper aims to introduce a review of the current 
techniques used for detecting incipient mechanical faults 
within the gearbox and the rotor blades of the wind 
turbine. Vibration measurements are conducted by using 
either vibration sensors or spectral analysis algorithms. 
Wavelet is a very effective technique in analysing 
monitored parameters for fault identification and 
quantification. The offshore wind turbines with variable 
length blades are more efficient than those of fixed blade 
length. More investigation about the root failure causes, 
and improvement in sensor technologies and signal 
processing will lead to the enhancement of condition 
monitoring techniques, consequently availability, 
reliability, and less maintainability will be achieved to the 
wind energy conversion system as well as the grid. 
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