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Preface 

This report is deliverable 3.1 and 3.3 of the project “Wind turbine rotor blade testing technology 

research and platform construction”. The project is supported by the Renewable Energy 
Development (RED) programme in which the Chinese and Danish governments are cooperating 

and aiming at institutional capacity building and technology innovation for renewable energy 

development. 

 

This particular project is a partnership between the Chinese Baoding Diangu Renewable Energy 

Testing and Research Co., Ltd., a national wind and solar energy key laboratory for simulation 

and certification and from Denmark the Department of Wind Energy, Technical University of 

Denmark, a Danish wind energy research department that has provided a major part of the wind 

energy research in Denmark and is one of the leading wind energy research institutions in the 

world. 

 

The project will focus on research for on-site, full-scale and down-scale structural testing of wind 

turbine rotor blades. An advanced blade on-site monitoring platform and full-scale testing 

platform will be constructed to strengthen the capacity of wind turbine blade testing and 

demonstrated in Baoding, city of Hebei Province in China. 

 

The project will provide the manufacturers with the possibility to do comprehensive blade testing 

in order to achieve test data for fulfilling requirements of standards and in order to obtain better 

and more optimized blade design. Meanwhile advanced experiment tool and valid test data can 

also be provided for the research and certification institutions in order to develop better design 

methods and certification guidelines and standards. 

 

The project has three main parts. The first part is research in full-scale and down-scale 

structural testing of wind turbine blades as well as condition monitoring for on-site testing of 

whole wind turbines. The next part is construction of platforms in China for full-scale fatigue 

testing of blades and on-site condition monitoring of wind turbines. Finally, the last part is to 

demonstrate the full-scale fatigue testing and the on-site condition monitoring. 

 

 

Roskilde, Denmark, May 2014 
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Summary 

Rotor blade online monitoring and fault diagnosis technology is an important way to find blade 

failure mechanisms and thereby improve the blade design. Condition monitoring of rotor blades 

is necessary in order to ensure the safe operation of the wind turbine, make the maintenance 

more economical, and accumulate data for evaluation of the blade design. 

 

In this report the implementation of condition monitoring methods is described focusing on the 

kind of sensors that have to be mounted on the blades in order to detect different changes to 

the blades. These changes are damage progression, unbalancing of the rotor, icing and 

lightning. Research is done throughout the world in order to develop and improve such 

measurement systems. Commercial hardware and software available for the described purpose 

is presented in the report. 
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1. Introduction 

This report is a deliverable under activity 3. The objective of this activity is: The objective is to 

provide state-of-the-art information about condition monitoring and fault diagnosis technology on 

wind turbine blades. Furthermore the objective is to study blade failure types, failure mechanism 

and their cause. 

 

An investigation of public available information about solutions adopted in Denmark and 

worldwide for condition monitoring of wind turbine blades is carried out. Both out-of-the shelf 

and innovative products are considered. Each method is presented, explaining the working 

principle along with installation procedures. Advantages and drawbacks are analyzed. 

Promising techniques are highlighted and new ideas are investigated, from a conceptual point 

of view. 

 

The implementation of condition monitoring methods is focusing on the kind of sensors that 

have to be mounted on the blades in order to detect different changes to the blades. These 

changes are damage progression, unbalancing of the rotor, icing and lightning. Research is 

done in order to find most suitable locations for each kind of measurement system. Commercial 

hardware and software available for the described purpose are also presented in the report. 
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2. Crack detection systems 

2.1 Introduction 

As wind turbines size increases, and with that the initial capital investment, there is an 

increasing need to monitor the health of these structures. A fundamental action for the 

operators is the acquisition of early indications of structural or mechanical problems. This allows 

to better plan for maintenance, possibly operating the machine in a de-rated condition rather 

than then taking the turbine off-line or, in case of an emergency, shutting the machine down to 

avoid further damage. 

 

The most expensive components of a wind turbine are the blades, which account for 15-20% of 

the initial capital investment. It is therefore important to set up a system able to constantly 

monitor the health of these components, in order to avoid a critical failure that could force the 

operator to substitute the blade. Moreover, a damaged blade in operation can affect not only the 

power production, which decreases because of losses on the aerodynamic properties of the 

blade, but also the safety of the surrounding areas, in case pieces are thrown from the rotating 

blade. Moreover the health of the entire wind turbine structure can be affected, as the 

performances are very sensitive to the blade shape. In the worst case scenario, small damages 

can evolve, if not monitored and lead to blade failure. 

 

 

Figure 1:  Wind turbine blade crack. 

 

 

2.2 Working principles and description of the detection methods 

As already mentioned, structural damages on wind turbine blades can induce catastrophic 

failure of the entire machine. A reliable structural health monitoring (SHM) system can detect 
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structural damages on the blade within a certain range of accuracy, early enough to prevent 

dangerous consequences that can affect the cost of the investments or the safety of the 

surrounding areas. If reliable information is gathered through such a system, the operator can 

improve safety considerations, minimize down time, lower the frequency of sudden breakdowns, 

associate huge maintenance and logistic costs and provide reliable power generation [1]. 

Damages on a blade can occur in various ways and they can involve different structural parts of 

the component (Figure 2). 

 

A list of typical structural damages that can be observed on a wind turbine blade is reported in 

Table 1 [2] [3] [4] [5]. 

 

 

 

Figure 2: Main parts of a wind turbine blade section [2]. 

 

 

Type Description 

Type 1 Damage formation and growth in the adhesive layer joining skin and main spar flanges 
(skin/adhesive debonding and/or main spar/adhesive layer debonding) 

Type 2 Damage formation and growth in the adhesive layer used to join the skins along leading 
and/or trailing edges (adhesive joint failure between skins) 

Type 3 Damage formation and growth at the interface between face and core in sandwich 
panels in skins and main spar web (sandwich panel face/core debonding) 

Type 4 Internal damage formation and growth in laminates in skin and/or main spar flanges 
under tensile or compression load (delamination driven by a tensional or a buckling 
load) 

Type 5 Splitting and fracture of separated fibres in laminates of the skin and main spar (fibre 
failure in tension; laminate failure in compression) 

Type 6 Buckling of the skin due to damage formation and growth in the bond between skin and 
main spar under compressive load (skin/adhesive debonding induced by buckling, a 
specific type 1 case) 

Type 7 Formation and growth of cracks in the gel-coat; debonding of the gel-coat from the skin 
(gel-coat cracking and gel-coat/skin debonding) 

Table 1: Typical damage of wind turbine blades [2] [3] [4] [5]. 

 

Leading edge

Main spar
(load carrying box)

Upwind side

Downwind side

Towards tip

Trailing edge

Aerodynamic
shell
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Figure 3: Wind Turbine Blade common damages types [2]. 

 

Figure 4 - Damage type 5 (laminate failure in compres-

sion) and type 7 (gel coat cracking) at the bottom of the 

leading edge [2]. 

 

 

 

Figure 5: Damage type 2 (adhesive joint failure between 

skins) at the leading edge [2]. 

 

Figure 6: Damage type 1 (main spar flange/adhesive 

layer debonding) and type 4 (delamination by buckling 

load) [2]. 

 

 

A blade crack detection system is composed by two main parts: a built-in network of sensors for 

collecting response measurements, and a data analysis algorithm/software for interpretation of 

the measurements in terms of physical condition of the structure [6]. A series of technologies 

able to detect structural damages on wind turbine blades are reported in the next paragraphs. 

 

It is important to remark that there are no companies on the market providing a full package of 

software and hardware for detection of structural damages on wind turbine blades. The 

development of these technologies as commercial products is still in the early stages. It is 

therefore not possible to report a detailed comparison between availability and costs of the 

technologies used to implement different methods for crack detection.  

 

Another issue is that none of the technologies reported in this chapter or used by the academia 

to perform research in this field can be used to predict where structural damage appears and 

develops on a blade under certain loading condition. It is therefore extremely complicated to find 

a useful application for these methods on wind turbines in operation; in fact, there is no public 

information on SHM of crack detection on blades mounted on operating wind turbines. 
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This method had been tested on a CX-100 wind turbine blade in two different experiments: 

 

1. Detection of a simulated damage introduced by applying industrial putty [8] 

2. Fatigue loading [13] [14] 

 

In both cases, to detect GW propagation, a system based on piezoelectric active-sensors had 

been used (active sensors work as actuators and transducers). 

 

Even if the tests had slightly different purposes, they showed essentially the same result: the 

sensors are unable to detect the structural damage, unless the crack is physically very close to 

the sensing equipment. In [8] this is attributed to the high damping present in composite 

structures, which limits the distance that the GW can travel. Conclusion: in this case, the 

propagation of GWs is strongly affected by the high complexity of the geometry and the layup of 

a wind turbine blade. A better study concerning the mathematical formulation behind the 

development of these phenomena in such complex structures is required. 

 

Regarding the costs and the accuracy, the GW SHM transducers are generally expensive and 

several issues related to supporting electronics, robustness and packaging have been reported 

[19]. A next reliable application of this method on crack detection of wind turbine blades is very 

difficult. 

 

2.2.3 Acoustic Emission (AE) events detection method 

Processes such as cracking, deformation, debonding, delamination, impacts, crushing and 

others produce localized transient changes in stored elastic energy with broad spectral content. 

This changes travel as acoustic waves. 

 

Acoustic Emission (AE) monitoring during loading of wind turbine blades can reveal audible 

cracking sounds that can identify a structurally damaged area [20] [21] [22]. Different types of 

sensors can be used to detect AE waves like piezoelectric or piezoceramic patches. This 

technology can be more accurate than the GW analysis approach, but in cases where high 

accuracy of damage evaluation is needed, the number of sensors must be increased and 

subsequently the number of data output of the signal processing system has to increase [5]. A 

large blade would need a huge amount of AE sensors, assuming that the location where the 

crack starts is not known a priori. 

 

Moreover, a correct detection of a cracking sound coming from the formation of a structural 

damage can be performed only if the system is able to constantly retrieve data and post-

process it: some damages produce cracking sounds when they are propagating; in case the 

propagation stops not producing any further typical sound, and the system is “sleeping” or not 
connected, the method is not be able to detect the presence of the damage. This is unpractical 

and computationally expensive since the system is forced to handle a huge amount of data 

being constantly connected to avoid the risk of missing the formation of a crack. 
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2.2.4 Thermal Imaging (TI) method 

Thermal imaging method is a subsurface defects or anomalies detection method owing to 

temperature differences observed on the investigated surface using sensors or cameras [5] 

[23]. This method uses the thermoelastic effect: the temperature change of elastic solid, due to 

the change of stress. Higher acoustical damping, higher stress concentration and different heat 

conduction near the defective region are expected, and hence the defective region will have a 

higher temperature. 

 

In [24], a method involving the principle of thermoelastic effects has been used to monitor the 

stress distributions on a 13.4 m GPR blade under fatigue loading. The measurements were 

harvested using a thermoelastic stress camera (TSA) by CLRC (United Kingdom). These data 

allowed locating stress concentrations and “hot spots” on the blade: this information is useful to 
perform SHM, preventing the formation of damages in case the stress distributions exceed a 

certain threshold. 

 

There is no information regarding the use of this method by the industry: the equipment to 

perform TI is highly expensive and the detection of temperature differences on a localized scale 

is difficult, because they are small and short-lived, due to the conduction into the rest of the 

specimen and convection into the surroundings [24]. 
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between the actual power output of the turbine and the nominal for the same wind speed, it 

might be inferred ice presence on the blades. 

 

3.7.2 Reliability and drawbacks 

This approach has been proven to be very robust and efficient to detect iced blades during 

operation under strong wind. The disadvantages of this method are that ice cannot be 

detected during stand still of the rotor and the reduced power output can be result of other 

phenomenon than icing of rotor blades, for example yaw misalignment and wake of another 

turbine. The turbulence of wind is causing disturbances to power, which hinders the indication of 

reduced power output [26].  

 

 

Figure 12:  Bending moment in the root of the blade with and without ice. 

 

 

3.8 Icing detection methods based on change in natural frequencies of 
the blades 

An alternative approach consists in identify the ice on the blades through changes in their 

eigen-frequencies or mass. A weight increase can be due to icing or other causes like water 

absorption, debris or liquids leaking from the pitch bearing or hub into the blades.  While the 

weight increase due to water absorption or oil leaking happens over longer time, in order of 

weeks, ice accretion can be seen as a fast weight increase. The time-lapse need for ice-

formation is in the order of hours. This is a criterion to distinguish between long term 

water/debris absorption and ice formation. 

 

3.8.1 Working principle 

The method consists in measuring the weight of the blade by means of the bending moment in 

the root or alternatively the natural frequencies of it. When the turbine is running the root 

bending moment gives a sinusoidal signal proportional to the weight of the blade. When ice 

forms on the blade the amplitude of the bending moment increases. By analyzing the time 

series of the bending moment it is possible to distinguish ice formation. 

 

When the rotor is stationary (wind speed below cut-in speed) the information about the ice 

formation can be retrieved performing a Frequency Domain Analysis of a resonant frequency. In 

fact, even a gentle breeze (>3 m/s) excites the blades that start vibrating according to their 

natural frequencies. 
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5. Lightning detection systems 

5.1 Introduction 

Lightning discharge events are random in nature.  With the increasing height and rated power of 

the wind turbines, the potential number of lightning strikes rises to the square of the height, as 

well as the average lightning current peak value [31].This latter registered on high structures like 

wind turbines, can vary from few kA up to 200 kA, with a featured mean value of approximately 

30 kA [32]. 

 

Statistically, most of the lightning strikes to a wind turbine hit the blades, since they are the most 

exposed part of the turbine. From the attachment point to the ground, the current flows through 

the lowest impedance paths available; this usually passes through the hub and parts of the 

nacelle to the tower. On its way the current can severely damage electrical and mechanical 

components [33]. Therefore, lightning damages to wind turbines can be severe, and their impact 

on the costs can be high in terms of repairing or replacement of the equipment. According to 

[34], they are at the moment the single largest cause of unplanned downtime for wind turbines. 

Lightning protection systems for wind turbine rotor blades are a fundamental feature that can 

avoid the creation of structural damages, which creates a dangerous impact on the 

maintenance cost and on the health and safety of the machine. To assess and improve this 

protection, it is necessary to equip the wind turbines with specific lightning detection systems, 

able to measure, monitor and optimize lightning discharge and flow phenomena. Working 

principles of the lightning protection and detection systems are reported in the next paragraph. 

 

 

Figure 16: Lighting strikes on wind turbine (Kansas, USA) [35]. 

 

 

5.2 Working principles 

A brief description of the lightning protection systems and a more detailed explanation of the 

detection system are reported in the following section. More attention is given to detection 

methods since the actual report is focused on the description of monitoring systems for wind 

turbine blades. Lightning protection system are in fact technologies used to prevent lightning 
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strikes damages and not to monitor them. Despite that, for a better understanding of the 

operating principles behind the detection procedures, protection systems are briefly introduced. 

Most of the information used to compose this section of the report can be found in detail in IEC 

61400-24 standard [36]. 

 

Figure 17: Types of Wind Turbine Blades [36]. 

 

 

5.2.1 Types of wind turbine blades 

According to the material layup and the presence of special components such as the tip shaft 

for blades with the tip brakes, wind turbine blades can be divided in categories. It is important to 

describe these types, because differences in blade characteristics can change the location of 

lightings attachments, influencing the selection of lightning protection systems and consequently 

detection systems. It is important to remark that lightning does strike blade without any metallic 

components; this can be partly explained by the fact that pollution, saline pollution, water or 

humidity make these components more conductive over time. Wind turbine blade types are 

shown in Figure 17, while a brief description is reported in Table 2. 

 

Typical types of damage at the lightning attachment points are delamination and incineration of 

the surface composite material, and heating or melting of metallic components serving as 

attachment point. Severe damages can occur when lightning forms high energy arcs inside the 

blade between surface skin layer and the air volume inside the blade or the air volume in the 

internal surfaces and in glue cracks. The pressure shock wave caused by such internal arcs 

may literally explode the blade [30]. 
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Figure 19: Vaisala Thunderstorm CG Enhanced Lightning Sensor LS7001 layout [38]. 

 

5.3.1 Wide area lightning detection systems technologies 

One of the most important companies in the field of thunderstorm and lightning detection 

system products is the Finnish Vaisala [37]. It offers different solutions that vary in terms of 

detection accuracy range. 

 

Vaisala Thunderstorm CG Enhanced Lightning Sensor LS7001 [38] 

This system is used for cloud-to-ground lightning sensing using a detection technology based 

on magnetic field low frequency signals combined with time-of-arrival technology. The sensor is 

capable of detecting a lightning at long ranges (>1500 km), recording time, location, amplitude 

and polarity. It has 250-500 m median location accuracy for lightning strokes. Another capability 

is the possibility to install the sensor separately from the antenna in remote severe weather 

locations. 

 

Regarding practical configuration and hardware platform: 

 

Operational Specifications 

Lightning Type Cloud-to-ground (CG) flashes and strokes and cloud flashes 

Network Detection Efficiency >90% for CG; 10-30% for cloud 

Network Median Location Accuracy 250-500m CG stroke 

Nominal Baseline Between Sensors 15 to 350 km 

LF Band 1kHz-350kHz 

Performance Monitoring  Complete manual and automatic system calibration and self-test 

Remote Configuration Operational parameters are remotely configurable 

 

Synchronization 

Source GPS receiver 

Accuracy 100 nanoseconds to UTC 

 

Mounting 

2m Ground mount with concrete pad 

Roof mount option available 
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Dimensions 

Weight 37.4 kg 

Height 2.2 meters 

Width 0.4 m 

Depth 0.4 m 

 

Power Requirements 

AC Power 100-250VAC, 2.4-1.2A max, 50-60 Hz 

DC Power 48VDC (36-72 VDC), 2.7-1.4A max 

 

 

Environmental Conditions  

Temperature -40°C to +55°C 

Relative Humidity 0 to 100% condensing 

Wind Speed 0-240 km/h 

Altitude Up to 5500 meters 

Hail 2.0 cm in diameter 

Ice 8 cm 

Rain 8 cm/h at wind speed 65 km/h 

 

 

Vaisala Thunderstorm Total Lightning Sensor TLS200 [39] 

This sensor uses a similar technology of the one reported above with the difference that this 

detection technology is based on magnetic field low frequency and very high frequency signals 

(again combined with time-of-arrival technology). The system is capable of detecting a lightning 

at medium ranges (1-2 km). It has 250 m median location accuracy for lightning strokes. It 

includes also the capability of remote configuration and 4 hours of uninterrupted power supply in 

case of loss of power to site. In the following tables, practical configuration and hardware 

platform is reported. 

 
Synchronization 

Source GPS receiver 

Accuracy +/-50 nanoseconds to UTC 

 

Operational Reliability 

Mean time between failures (MTBF) >30,000 hours 

Mean time to repair (MTTR) <30 minutes 

 

Mounting 

10 m ground mount with concrete pads for mast 

5 m roof mount option 

2 m tower mount option 

Operational Reliability 

Mean time between failures (MTBF) >30,000 hours 

Mean time to repair (MTTR) <1 hours 
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Environmental Conditions  

Temperature -40 °C to +50 °C 

Relative humidity 0 to 100 % condensing 

Wind speed 0-260 km/h 

Altitude up to 5500 meters 

Hail 5.0 cm in diameter 

Ice 1.0 cm 

Rain 8 cm/h at wind speed 65 km/h 

 

Communication Interfaces 

Asynchronous RS-232 at 38,400 bps minimum (data only) 

Ethernet (recommended for full functionality) 

 

Power Requirements 

100-120 VAC, 6.0 A max., 50-60 Hz 

200-240 VAC, 3.6 A max., 50-60 Hz 

 

 

Figure 20: Vaisala Thunderstorm Total Lightning Sensor TLS200 scheme [39]. 
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To conclude the section regarding this type of sensors, a brief description of the collection data 

software required is reported. The processor compatible with the selection of sensors offered by 

Vaisala is called the Vaisala Total Lightning Processor series TLP100 and TLP 200 [40]. 

Technical data are reported below. 

 

Fully Supported Sensors 

TLP100™ Series LS7000, LS7001 

TLP200™ Series LS8000, TLS200 

 

Capacity Up to 512 Sensors 

Up to 512 for LF only, 256 for LF + VHF data 

 

Supported Communication Interface 

TCP/IP 

Asynchronous RS-232 (optional) 

 

Supported Web Browser Interface 

Mozilla Firefox 3.0 (recommended), 2.0 (supported) 

Internet Explorer 7 

 

Certified Hardware 

DELL™ POWEREDGE™ T310, Desktop Server 

DELL™ POWEREDGE™ R310, Rack Mount Server 

 

Certified Hardware Requirements 

4GB of RAM 

Dual Core x86_64 compatible CPU 

2 (1)TB SATA II disk, RAID 1 

2 x NIC ports (100/1000 Mbps) 

4 USB 2.0 ports 

1280x1024 certified video adapter and monitor 

DVD+-RW Burner 

Graphics card with hardware accelerated drivers compatible with RHEL 5.3 (512MB RAM, PCI Express 
Interface). ATI Radeon HD 4350 GPU (recommended) 

Red Hat Enterprise Linux® (RHEL) 5.5, 64 bit edition 

RHEL 5.5 compatible modem 

 

Environmental Specifications 

The hardware must be in a climate-controlled environment. The environmental specifications are equal to the HW 
specifications by default. The following specifications are subject to change without notice based on hardware 
availability. 

Operating Temperature 10 °C to 35 °C 

Storage Temperature -40 °C to 65 °C 

Operating Relative Humidity 20 % to 80 % non-condensing (non-condensing twmax=29 °C) 

Storage Relative Humidity 5 % to 95 % non-condensing (twmax=38 °C) 

Operating Altitude -16 to 3,048 m 

Storage Altitude -16 m to 10,600 m 
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Lightning Detection parameters 

CLOUD DISCHARGES and CLOUD-TO-GROUND STROKES 

Date and Time to 100 nanosecond resolution 

Latitude and Altitude 

Number of sensors used in location solution 

Position confidence ellipse (chi-square) 

Degrees of freedom when optimizing the solution 

Semi-major axis of the 50 % positional confidence ellipse (km) 

Semi-minor axis of the 50 % positional confidence ellipse (km) 

Eccentricity of the positional confidence ellipse 

Estimated Rise Time (microseconds) 

Estimated Peak-to-Zero Time (microseconds) 

Estimated Maximum Rate-of-Rise (kA/microsecond) 

CLOUD TO GROUND STROKES (only) 

Flash multiplicity (number of return strokes) 

Polarity 

Estimated Peak Current (kA) 

 

 

5.3.2 Local active lightning detection systems technologies 

Vaisala offers also a product for local active lightning detection. This system is briefly described 

below. 

 

Vaisala Thunderstorm Total Lightning Sensor TSS928 [41] 

The sensor uses optical, magnetic and electrostatic pulses from lightning events to provide an 

alarm in case of strike in a range of 56 km. The lightning can be classified within three range 

intervals (0-9, 9-19, 19-56 km) in different directions (N, NE, E, SE, S, SW, W, NW). Technical 

data about this technology are reported in the following tables. 

 

  

Figure 21: Local Lightning Sensor TSS928TM Layout [41]. 
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Detection Range 

56 km radius from sensor location 

 

Bearing Resolution 

1° increments, 0° to 360°, reported by octant 

 

Range Resolution 

0-5 nautical miles (0-9 km), 5-10 nautical miles (9-19km) and 10-30 nautical miles (19-56km) (range can 
be set in nautical miles or kilometers). 

 

Thunderstorm Detection Efficiency 

90% within 10 nautical miles with one discharge; 99% with two discharges; 99.9% with three discharges 

 

Electrical Specifications  

AC Power 115VAC±10% to 230VAC±10% 

DC/AC Power 11-32VDC, 115VAC±10% 

DC Power 11-32VDC 

Power Consumption 100 watts maximum 

Standards/Approvals: UL, CSA, CE 

 

Communications 

Metallic or fiber optic links 

Serial ASCII format 

RS-232 and RS-422 serial at 9600 bps 

Output via automatic one-minute preset weather messages, instantaneous broadcast of data as event 
occurs or sensor can store and be polled by user. 

 

Mounting Configuration 

Ground mount option 

Roof mount option with tripod 

Frame mount for either roof or ground options 

Height 3.0 m max height recommended 

 

Environmental Conditions  

Operating/Storage  

Temperature Range -50°C to +50°C (with heater) 

Maximum Wind Load 0–120 knots, 222 km/h 

Humidity Tolerance 0% to 100% 

Siting Requirements Flexible installation requirements 

 

 

ALARM (Automated Lightning Alert and Risk Management) system software is used to visualize 

the data output of this sensor [42]. 

 

Data collection software requirements are described in the tables below. 
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Operating System 

Microsoft Windows XP (SP 3.0), Windows 7 (SP 1.0) 

 

Hardware Requirements  

Personal Computer Desktop 

Processor Pentium® III 750 MHz (minimum 500 MHz) 

RAM 256 MB 

Hard Drive Space 20 GB 

Ports 2 serial 

Monitor 17" (choose from standard and flat screen options) 

Resolution 1024 x 768 pixels (or higher) 

Color Depth 24 bit 

Peripherals CD-ROM drive, floppy drive, surge suppressing 

power strip 

 

Communications 

The standard data link between the Vaisala ALARM system and Vaisala electric field mills and Vaisala 
local lightning is by direct serial connection via two RS-232 ports. 

 

Communications Options 

Communications card (32-bit PCI, 8 serial ports) 

For connecting to sensors within 10,000 feet of the system, communications hardware is a RS-232 
cable, a RS-232/RS-422 interface, and a RS-422 cable. 

Other configurations are available for distances exceeding 10,000 feet. 

 

Additional Options 

Relay card 32-bit PCI, eight outputs; termination card and connecting cable 

UPS APC 1000 VA, 120V or 240V Battery pack for UPS extended backup 

 

 

   

Figure 22: WXLINE's Strike Guard Lightning Warning System [44]. 

 

Another company that offers commercial solutions for lightning detection applicable to wind 

turbines is the American WXLINE with its brand Strike Guard Lightning Warning System [43]. 

 

Strike Guard Sensor [44] 

The system provides audible and visible alarm in case of lightning strike. It monitors cloud and 

cloud-to ground lightning within a user-set range and provides contact-closure sending signals 
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at user-set lightning activity thresholds. Strike Guard Sensor data are communicated via 

lightning-proof fibre-optic cable to an independent Lightning Data Receiver with system status, 

caution and alarm indicators, relays, and computer compatible output. Strike Guard enables 

automated initiation of lightning evacuation plans, data back-up, generator activation, and 

equipment shutdown procedures. 

 

Lightning Data Receiver Specifications  

Installation Wall-mountable with size 10 screws 

Enclosure Type 304 stainless steel 

Battery User-replaceable alkaline C-cells. Low battery indicator 

Communication Connector-less fiber-optic link for Sensor input and output to 
computer Integral Sensor data repeater 

External Control 2 relays, single pole, double throw. 1 A at 120 VAC, UL, CSA 
approved 

Lightning Alarm Range Settings <5 miles, <10 miles or <20 miles 

Settings Lightning alarm range, alarm timeout, and lightning counts for 
contact-closure signaling 

Audible Notification Alarm Mode, Lightning Flash 

External Power In-line switching power supply. Input 100-240 VAC, 50/60 Hz. UL, 
VDE, FCC, CSA, CE 

 

Sensor Specifications  

Installation Materials and hardware included for roof-mount 

Site Requirements Minimal siting restrictions 

Enclosure NEMA 4X 

Communication PMMA fiber-optic, 100 ft cable included 

Battery Lithium primary cells, 4-year life minimum 

 

 

WXLINE provides a collection data software compatible with the Strike Guard Sensor [45]. The 

technical data for this software, which is called Strike View, are reported in the next table. 

 

Strike View Software Specifications  

Computer Requirements 256MB; Pentium III or higher recommended 

Platform Microsoft Windows® 2000/XP/Vista/Windows® 7 OR Macintosh OSX 

Interface Strike Guard RS-232 to Fiber-optic Converter to PC’s 9-pin serial or 
USB port 

Format Installation CD or thumb drive 

 

 

5.3.3 Local passive lightning detection systems technologies 

The Danish company Global Lightning Protection Services based in Herning, Denmark 

produces a system based on the local passive lightning detection method. A brief description of 

this system is reported below. The company offers also services in terms of lightning protection 

and detection systems testing and education [46]. 

 

GLPS Lightning Registration System [47] 
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The lightning registration system consists of three components and the sensor card can be 

mounted on both land and offshore wind turbines that are already operating. The three 

components are: 

 

1. Lightning sensor card installed in a card holder 

2. Card reader 

3. Analysis and reporting software 

 

When a lightning strike is led to ground via a lightning down conductor, a magnet field is created 

around the conductor. The strength of the magnet field is proportional with the amplitude of the 

lightning current and decreases with the distance to the conductor. By applying a card with a 

special magnet code vertically on the conductor, the magnet field generated by the lightning 

current will delete the data in the area where its strength is higher than what the magnetic code 

can withstand. By assessing the distance from the conductor at which the code is erased, the 

peak amplitude of the lightning current can be defined [47]. 

 

General Specifications  

Temperature From -30°C to 80°C 

Sensor Dynamic Range 6-300 kA 

Calibration The card reader is calibrated in a high-current laboratory, where also 

correction factors of new specific conductor geometries differing from 

a circular conductor can be determined 

Feature Lightning cards are numbered with a printed serial number. The same 
serial number is saved in the magnetic code on the lightning card and 

appears on the analysis report 

 

Mounting  

Installation The card holder is fixed to the wind turbine ground holder and the card 
is installed in the card holder 

Options Several cards can be installed in one wind turbine in order to give 
more detailed information about the lightning attachment point and 

impact 

 

Software Specifications  

OS MS Access Database based 

Connection The data reader is connected to a personal computer via USB port 

Feature When reading the lightning cards it is possible to add a correction 

factor to compensate for noncircular conductor geometries. 
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