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NON-DESTRUCTIVE TESTING METHODS 

FOR DAMAGE DETECTION IN WIND 

TURBINE BLADES 
 

Abstract:. Modern wind turbine blades mainly are built 

from fiber reinforced plastics combined with 
lightweight materials like wood or plastic foam. Non-

Destructive Testing (NDT) techniques are already used 

to detect damages inside reinforced plastics for years in 

aerospace industry. Non-destructive testing is essential 

for quality control and is complementary to other well-

established methods. The technique can be applied on a 

sampling basis for individual investigation or may be 

used for 100% checking of materials and/or products 

during manufacturing and also in service. 

The field of NDT is very broad and interdisciplinary. It 

plays a critical role in assuring that structural 
components and systems perform their function in a 

reliable and cost effective fashion. These tests are 

performed in a manner that does not affect the future 

usefulness of the object or material. In other words, 

NDT allows parts and material to be inspected and 

measured without damaging them. Because it allows 

inspection without interfering with a product's final use. 

NDT provides an excellent balance between quality 

control and cost-effectiveness. 

Some of the NDT techniques for the inspection of wind 

turbine blades are investigated in this paper. All of the 

techniques have the advantage to work without a 
contact couplant or even contact free and the developed 

equipment is small and lightweight. This makes the 

system portable even for an industrial climber or 

enables the system to be attached to an automated 

inspection unit like a robot. Thus, an in-service 

inspection without a demounting of the turbine blades 

is possible. 
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1.INTRODUCTION  

 
The reduction of fossil fuel 

dependency is an important goal for both 

developed and developing countries. All 

these energy sources are limited and at the 

same time these energy sources create 

pollution problems. This has led to the 

focus on a sustainable energy supply, 

which implies optimized use of energy, 
minimized pollution. To achieve this goal, 

the renewable energy production in 

particular world energy generation must be 

drastically increased. That is why wind 

energy is prominent and it is one of the 

solutions to the global energy problem. 
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The wind energy is generated by using 

wind turbines.A wind turbine system 

design should be based on the cost-

effective production of energy, which 

depends very much on the site wind 

characteristics and machine performance 

characteristics. Maximization of the annual 
energy production may be attained by 

maximization of the rotor power 

coefficient. This depends, for a prescribed 

tip-speed ratio, on the type of airfoil, chord 

and twist distributions and number of 

blades. 

A wind turbine is composed of a 

number of subsystems: the rotor, 

powertrain, control and safety 

system,nacelle structure, tower and 

foundations. A model suitable asthe basis 

of design calculations of loading will 
provide representations of these 

components and subsystems as well as an 

appropriate treatment of the incident wind 

field.[1] 

Wind turbines come in many sizes and 

configurations and are built from wide 

range of materials. In simple terms, a wind 

turbine consists of a rotor that has wing 

shaped blades attached to a hub; a nacelle 

that houses a drivetrain consisting of a 

gearbox, connecting shafts, support 
bearings, the generator, plus other 

machinery; a tower; and ground-mounted 

electrical equipment [2]. 

Besides the tower and the gear, the 

turbine blades are, due to the constant 

wind contact, highly stressed parts and 

have to be inspected regularly by experts. 

The blades have an aerodynamic shape and 

use buoyancy to convert the energy carried 

by the wind into rotational energy which is 

then transformed into electric energy by a 
generator.The fast progress in wind energy 

technology and wide spread usage of wind 

turbines require a standardization of the 

wind turbine main components aiming at a 

further cost reduction.  

This is related not only to large 

volume production and standardization of 

production methods but also to material 

test methods and design rules [3, 4].  

The purpose of this paper is to show 

that the nondestructive  testing techniques  

with a transportable unit are solution to 

find defects in the wind turbine blade and 

reduce the cost of inspection. 

 
 

2.MANUFACTURING FLAWS ON 

TURBINE BLADES 
 

Manufacturing flaws can cause problems 

during normal operation. For example, 

blades can develop cracks at the edges, 
near the hub  or at the tips (Figure 1). 

Fibreglass rotor blades are regarded as the  

most vulnerable components of a wind 

turbine.[5].Typical manufacturing flaws on 

the blades may be summarised as 

delaminations (Figure 2), adhesive flaws 

and resin poor areas. Here are some 

specific flaws at particular locations: 

a) Skin/adhesive: this is bad 

cohesion between the skin 

laminate and the epoxy or the 
epoxy is missing.  

b) Adhesive/main spar: this is when 

there is no cohesion between the 

adhesive and the main spar.  

c) Delamination in main spar 

laminate. 

d) High damping in skin or main 

spar laminate, which could be 

caused by porosities or change in 

thickness of laminate (6) 

 

 
Figure 1 - Cross section of a wind turbine 

blade [6]. 
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Figure 2 - Delamination of the blades.[8] 

 

3. DAMAGE SYMPTOMS IN 

WIND TURBINE BLADES 
 

While wind turbines on duty are relied 

on to work 90 percent of the time, many 

structural flaws are still encountered, 

particularly  with the blades. Cracks 

sometimes appear soon after manufacture. 

Mechanical failure, due to alignment and 

assembly errors, is  common. Electrical 

sensors frequently fail because of power  
surges. Non-hydraulic brakes tend to be 

reliable, but hydraulic braking systems 

often cause problems [7]. 

The blades of a wind turbine rotor are 

generally regarded as the most critical 

component of the wind turbine system [8, 

7, 10].Therefore, designers must carefully 

consider the fatigue life of the blades in 

their structural design and must test the 

full-size structure. Structural design 

requirements, such as minimum blade tip 

clearance limit, strain limits along the fiber 
direction, surface stress limit, and fatigue 

life time over 20 years, are specified by the 

design requirements of the IEC 61400-1 

international specification [11, 12, 13]. 

The blades are important components 

in wind turbines, so they are needed to be 

investigated and supervised regularly.It 

usually has a length up to hundred meters, 

weighing up to dozens of tonnes 

depending on the generating capacity. 

Wind power generator blades are 

manufactured with composite materials 

and are light-weight and solid.  

Today’s wind turbine blades are large, 
robust structures, but they are prone to 

damage like any other composite 

component. This damage can begin to 

occur even as blades are being de-molded 

or moved around the blade factory. The 

blades then usually travel long distances to 

their end destination, often negotiating 

ports, roads, towns, and being manipulated 

with forklift trucks and cranes. Each of 

these handling steps creates the possibility 

for further damage. Once on site, the 

assembly process and hoisting of the 
completed rotor up onto the tower is a final 

possibility for damage to occur before the 

rotor has made even one revolution. Once 

in operation, the blades begin to see 

erosion from rain, dust, and other 

atmospheric contamination, and lightning 

strikes add to the amount of damage that a 

blade experiences. With the constant 

fatigue loading from rotation and wind 

gusts, any hidden manufacturing flaws 

may also start to show up in the form of 
cracks in the blade surface, inside the 

laminates or between the blade 

components. 

Keeping blades in good condition is 

vital to the ability of the turbine to 

generate its designed power. Even 

relatively small amounts of leading edge 

erosion can affect the aerodynamic profile 

of the blade, leading to a performance drop 

of 3-4 percent and consequent loss of 

revenue. If erosion of leading edges is left 
unrepaired, then moisture can penetrate. If 

the temperature then drops below freezing 

the formation of ice can, in some 

instances, split the blade edges or de-bond 

a section of a load-bearing beam. 

Whatever the root reason of the 

damage, most blade repairs are typically 

carried out using wet epoxy or polyester 
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resin systems, usually based on the resins 

with which the blades were originally 

built. However, these wet resin systems 

typically need to be applied at 

temperatures above 12-15°C, and to meet 

GL requirements need to be cured for at 

least 24 hours or receive an elevated 
temperature post-cure.  

This means that not only is there is a 

narrow weather window when repairs can 

be carried out, but the turbine is also out of 

action for a considerable period of time. 

Additionally, these wet resin systems need 

to be accurately mixed, tend to generate 

high levels of waste, and can be difficult 

and messy to use. 

The failure of a wind turbine blade in 

the field is usually accompanied by 

damage to other wind turbine components 
and sometimes other wind turbines. 

 

 

4.INSPECTION TECHNIQUES 

FOR WIND TURBINE BLADES 
 
 Inspection is very relevant for control 

of product quality; Wind turbine blades are 

difficult object for investigation, 

because:they 

 Are multilayered; 

 Have variable thickness; 

 Are made from anisotropic 

material; 

 Have a lot of manufacturing 

nonhomogenities 

Different techniques show different 
types of  defects.Combination of different 

techniques gives best results. 

Wind turbine blades are made of 

fiberglass material to be cost effective, but 

they can be damaged by moisture 

absorption, fatigue, wind gusts or 

lightening strikes. It is important to detect 

the damage before the blade fails 

catastrophically which could destroy the 

entire wind turbine.The current inspection 

techniques are only very rough and limited 

to visual inspections and manual tapping 
tests. Both techniques require a highly 

experienced expert and are not able to 

detect internal damages at an early stage. 

Generally, an industrial climber rope from 

the rotor of a wind turbine to inspect 

critical areas of the blades. Besides the use 

of basket cranes this is a common way to 

get access to the blades. 
Many of the most typical failures like 

cracking and roughness on the surfaces of 

the blades, electric short circuits in the 

generator, and overheating of the gearbox 

all demand a more sophisticated approach 

to maintenance. 

A minor failure of a critical 

component of the wind turbine can cause 

undesirable down-time and loss of 

revenue. Operation and maintenance of 

wind turbines is costly. One of the 

approaches to reduce operating and 
maintenance costs is to carry out a full 

Commissioning Inspection followed by 

regular In-Service Inspections to detect 

failures of critical components as early as 

possible.  

With the increasing number of 

installed wind turbines and major failures 

of critical components, the necessity of In-

Service Inspections cannot be neglected. 

Some components, although designed to 

last the duration of the turbine lifetime, fail 
earlier than anticipated, and cause 

unscheduled down-time which adversely 

affects turbine availability and the overall 

success of the wind farm project. 

Some defects such as leaking and 

corrosion can be detected by visual 

inspection; discolouration of component 

surfaces may indicate slight temperature 

variations or deteriorating condition, and 

the sound coming from the bearings can 

also indicate physical condition [14, 15]. 
During a blade fatigue test in the 

laboratory environment there is also the 

desire to predict the impending failure of a 

wind turbine blade. Fatigue testing of wind 

turbine blades can often take over a month 

to complete. A monitoring equipment can 

detect an impending blade failure. 
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5. NON-DESTRUCTIVE TESTING 

METHODS FOR WIND TURBINE 

BLADES 
 

Wind turbine blades are one of the key 

components of a complete wind turbine 

system due to their significant effect in the 

overall performance of the system. They 

are fabricated with composite materials 

with polymeric matrices. The current 

manufacturing processes are still highly 
manual which result in different types of 

defects. Thus, non-destructive testing 

(NDT) techniques that provide surface and 

internal information of the blade are 

necessary. 

Non-destructive testing is essential for 

quality control and is complementary to 

other well-established methods. By 

definition non-destructive testing is the 

testing of materials, for surface or internal 

flaws or metallurgical condition, without 

interfering in any way with the integrity of 
the material or its suitability for service.  

The technique can be applied on a 

sampling basis for individual investigation 

or may be used for 100% checking of 

material in a production quality control 

system [16]. 

These NDT techniques are very useful 

in certain situations, but for a large number 

of wind turbines the other techniques can 

be time consuming, expensive, and 

generally inspects only localized areas on 
the structure 

These NDT techniques are very useful 

in certain situations, but for a large number 

of wind turbines in the field the techniques 

become too time consuming. expensive, 

and generally only look at localized areas 

on the structure. 

The objective of these tests is to learn 

about how a wind turbine blade fails when 

exposed to a large flapwise load and how 

failures propagate.For example, the report 

also shows results from the ultrasonic 
scanning of the surface of the blade and it 

is seen to be very useful for the detection 

of flaws, especially in the layer between 

the skin laminate and the load carrying 

main spar. 

Further testing of different smaller 

damages and types of damage is required 

to verify the sensitivity of the methods. 

The resonant comparison method can be 

used for operational damage detection 
while the operational deflection shape 

method produces non-symmetric contours 

that are an easily interpretable way to 

detect damage in a structure that is not 

moving. Suitable NDT methods for 

inspecting the wind turbine blades are 

explained below 

Radiography is a powerful 

nondestructive method. Gamma ray 

radiography technique is frequently used, 

either on its own or as complementary to 

neutron radiography (NR), for the analysis 
of objects. Both methods can be used 

either in 2D mode to take radiographs or 

with a tomography setup in 3D mode. 

Radiography allows the detection of 

internal flaws and defects such as cracks, 

corrosion, inclusions, and thickness 

variations; consequently, it is a technique 

of growing importance to science and 

industry in order to determine structural 

defects [17, 18]. 

In operation the blades are subject to 
significant amounts of stress that may 

result in cracks which potentially could 

result in catastrophic failure. To date test 

methods for detecting cracks in wind 

turbine blades have been based on direct 

contact (requiring generator shutdown) or 

ultrasonic technology that offers 

reasonable results but is limited by the 

considerable time and effort to detect 

cracks in local areas. 

Infrared thermography has the 
potential for providing full-field non-

contacting techniques for the inspection of 

wind turbine blades [11]. For application 

to turbine blades, the sensitivity of the 

thermal imaging has been shown to be 

suitable for non-destructive examination 

during fatigue testing; furthermore, it is 

thought that for blades in situ, the wind 



 

540                                           B.Eker, A. Akdogan Eker 

loading conditions may be sufficient to 

create effects detectable by thermal 

imaging [19]. 

Eddy Current Testing for crack 

inspection can surpass Magnetic Particle 

Inspection (MPI) and Dye Penetrant 

Inspection (DPI) sensitivity with no 
additional clean-up required. Rapid 

inspection can be easily repeated with ECT 

over both conductive (Zinc, Aluminum SS 

cladding) and nonconductive coating 

(paint, plastic, rubber) eliminating grinding 

and repainting efforts, unlike MT and PT 

method. 
In principle, the pulse technique is the 

simplest of all the ultrasonic testing 
methods, and it is the one most commonly 

used, it consists basically of measuring the 

time taken for short train of sound waves 

to move through a given distance [20].The 

turbine blades consist of glass fiber 

reinforced plastics (GFRP) , gelcoat and 

sandwich areas containing plastic foam 

covered with layer GR.Nowadays it is 

common to use non-contact ultrasonic 

through transmission techniques like air-

coupled ultrasound to detect the inner 

damages [21].  

 

 

6. CONCULUSION 

 

Wind Turbines will be installed on a 

tower which is between 50–135 m tall, 

have diameters (blade span) from 40 to 

126 m and are rated between 500 kW–

6 MW [21, 22]. 

As a consequence, the minimum 

distance from blade to ground is about 

30 m. Turbine towers are constructed from 

rolled steel plate and are normally about 4 

to 5 m diameter at the base and about 2 to 
3 m diameter at the top.  

A portable NDT scanning system is 

required to detected internal defects in the 

wind turbine.Small and portable 

measurement equipment will be built and 

the analysis algorithms will be optimized 

to create a easy to handle measurement 

system that can be applied without further 

knowledge in NDT techniques. 
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