


��DMPA


�



��
�


CRES.WED�



��
�



Smart Technologies Applied to Wind Turbine Blades





SMART BLADE








(Prof. J.A. Güemes)





Universidad Politécnica de Madrid











Contract JOR3-CT96-0104








PUBLISHABLE





Final Report





(Second Issue)








From 1st of July 1996 to 30th of June 1998




















Research funded in part by


THE EUROPEAN COMMISSION


in the framework of the


Non Nuclear Energy Programme


JOULE III


Abstract








Smart structures technologies seek to apply some added capability to existing or new structures. This capability may be sensorial (strain and damage monitoring) or active (active damping and shape control). Expected benefits are a higher safety level of the structure, and a lower Life Cycle Cost, by decreasing maintenance costs.





This Project has been the first attempt worldwide to apply Smart technologies to Wind turbine blades. Safety and maintenance costs are two major issues in wind turbines, due to their special operating conditions (remote sites, difficulties for dismounting and inspecting the blades,...). Wind energy industry would benefit immediately from any advance in this direction.





Project results may be grouped in three main blocks:





LOAD MONITORING SYSTEM, based on optical fibre grating sensors. These are the most advanced strain sensors presently available. A manufacturing facility has been developed at UPMAD, producing fibre gratings of narrow spectral width and good mechanical strength, surviving up to 10,000 microstrains. An optoelectronic equipment has also been developed, able to scan up to 40 gratings simultaneously.





STRUCTURAL HEALTH MONITORING SYSTEM based on little piezoelectrics chips. A few number of these sensors, adequately distributed through the structure, and interconnected to a PC, will afford information on the vibration modes of the structure, in a very cost effective way.


 


COMPUTER SIMULATION OF A BLADE WITH ACTIVE DAMPING. An existing aerolastic computer code (EOLO-t) was modified to simulate a time-dependent variation of stiffness at the blade root. Numerical simulation of the dynamic loads alleviation on the blade were obtained under different control functions. It was concluded that this is not a practical approach to alleviate dynamic loads on the blade.


 


The project concluded with the manufacturing by means of standard industrial methods of a glass fibre / epoxy matrix blade, 12 m long, with embedded sensors. These were placed where standard electrical gages and accelerometers were located for a certification’s measurements, according to the state of the art.





This blade was tested in the same way and testing site where existing blades are certified, demonstrating their survivability and excellent correspondence of measurement to conventional sensors. Even more, it was shown that the calibration time was dramatically reduced compared to the use of  conventional strain gages. Identical results were obtained with piezoelectrics and accelerometers, for the first five modes.
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Objectives





The global objective for this project was to adapt to wind turbine blades some of the existing concepts on smart structures. Two areas of interest were proposed at that time (mid ’95). A structural health monitoring system based on fibre optic sensors, and an active damping system based on variable stiffness materials.





Specific objectives stated in the Working Programme were:





To identify the most adequate sensor for this application, qualifying the sensor against the different failure modes.





To produce an operational manual for the developed quality control system, showing operational procedures and system reliability.








To produce the manufacturing specifications for embedding the sensors inside an standard wind turbine blade.





To manufacture a blade with the developed built-in damage assessment system.





To evaluate the ability of the optical fibre system for detecting manufacturing defects and/or in service damage. After a critical analysis of the test results, to conclude if the system is practical, reliable and sensitive enough to be used as a standard quality control and in-service monitoring procedure, or in the contrary, improvements needed to be done to get it.





To write a proposal for an standard specification to be used as a quality control tool during the manufacturing of the wind turbine blades and during their operational life for decreasing the risk of a catastrophic failure in service.








To study the feasibility of using actively damped structures in the rotor blade, by means of:


The modification of the Eolo-t computer code to include active control of the root stiffness





Evaluating, by computer simulation, the load alleviation during operation under turbulent wind conditions.


 


As the project progressed, objectives 2 and 6 were reoriented to the development of a SHM system based on piezoelectrics and to in service demonstrations.





�
Technical description


Load monitoring system (Fibre optic sensors)


Introduction. Fibre Optic Sensors (FOS) Theory





One of the main tasks of the project was the identification of the optimum sensing schemes to achieve an adequate knowledge of the effects of the environment over the wind turbine blade. These schemes were oriented for both the identification of the loads applied to the structure, or, which is equivalent, the strain fields, and the identification of damage promoted by this environment. After a previous analysis of the state of the art of the smart sensing technologies, fibre optic sensors were chosen as the most adequate approach to the problem. The intracore fibre Bragg grating sensors were identified with no doubt as the optimum solution due to the intrinsic advantages of this sensor, and the simplicity of the interrogating scheme imposed by this sensor.





A fibre optic Bragg grating is a periodic variation in the refractive index along a certain length of the core of a single mode optical fibre written by an incident UV laser beam. If a broadband light is launched through the grating, the grating behaves as a filter (Fig. 1) that reflects a very narrow wavelength band (about 0.15 nm), with a centre wavelength given by the Bragg condition:


�EMBED Unknown���					        (1)





where (0 is the centre wavelength, n0 is the average refraction index of the grating and (0 is the pitch (modulation period) of its periodical pattern.





�


Fig. 1. Intensity spectrum of the LED in transmission


and effect of a Bragg grating over it.





If the Bragg grating is under uniform axial mechanical or thermal strain (z, the grating wavelength, (=2n(, will change due to the variations of the pitch and the refractive index, as it is shown in Figure 2.





The Bragg wavelength modification due to the strain field (z is given by the following expression:


�EMBED Unknown���						(2)


where


�EMBED Unknown���   and    �EMBED Unknown���


with p11 and p12 being the photoelastic constants and ( the material Poisson coefficient.





An in house computer code written in MATLAB, which implements the Transfer Matrix Formalism, and which allows to simulate the application of a non uniform strain along the grating, is widely used for characterising the behaviour of the gratings used in the project. Figure 2 shows the comparative behaviour of a real grating submitted to a several linear strain profiles, and the simulation obtained with the computer code, with the strain profile approximated using the elasticity theory.





�





Figure 2. Real and simulated spectra of the grating in several load conditions





Equipment for Interrogating FOSs





The demodulation system to read the Bragg grating peak wavelength (and, therefore, measure the strain at the sensor location by means of a simple calculation once the grating is calibrated) is based on a tunable Fabry Perot filter (FPF). 





�





Figure 3. Optical scheme for measuring the peak wavelength of a Bragg grating


The backreflected light from the Bragg grating passes through a narrow-band optical filter and then reaches the photodetector. Unless the filter is tuned at the Bragg grating wavelength, no signal is received at the photodetector. A peak of intensity is measured when both the filter and the sensor are tuned at the same wavelength. The detection of this peak by means of a Labview( program (connected to the optical devices through a DAQ) gives the wavelength of the Bragg grating, if the wavelength of the filter is known.  The optical scheme is shown in Figure 3.





Test Data





The results are shown in Fig. 4 for one of the sensors in the first set of tests. The X-axis corresponds to time (in arbitrary units, number of points). The Y-axis gives the elongation in microstrains. The dark line shows the measurements by the Bragg grating while the pale line corresponds to the strain gauges.





A first set of tests (March 98) was used to evaluate the survivability of the optical fibre sensors, the ability of the sensors to follow the strain field and the accuracy of the data acquisition system. The measurements obtained through the Bragg grating sensors were compared to those obtained by conventional strain gauges located on the same position, but on the surface. The measurements should match since the chosen optical sensors (three of them) were very close to the surface (and thus to the strain gauges) under a thin gel coat. 





The data were acquired during static tests, one sensor at a time in the first set of tests (March 98). The second set of test was carried out in June 98 and the measurements from every sensor were obtained (including all the embedded sensors, for which no comparison with strain gauges was possible, since they were deep under the surface). Furthermore, this second set of tests was used to check, in a real structure, two additional developments: the behaviour of the Bragg grating bonded on the surface and the multiplexing capability of this kind of sensors.





�


Figure 4. First static test. Measurements from Bragg grating BG4 and strain gauge G6.





Figure 2 was obtained with an OSA, since the OSA is a very expensive and very slow equipment (about 0.1 Hz maximum) a new device was developed to obtain the measurements from the Bragg gratings (Figure 4). It was tested successfully. At the time of the first set of tests, accuracy was in the range of ( 50 (( and the sampling frequency was 1 Hz. Two months later the accuracy was ( 30 (( and the sampling frequency was 3 Hz. Currently, the sampling frequency is 6 Hz and more efforts are being done to improve the frequency up to 12 Hz with no loss of accuracy.





Actually, these limitations come from the data acquisition board (12 bits) and the PC speed (the time to acquire the data and process them) not from the sensors themselves. New analogue techniques are to be tested next.





The fact that only one sensor can be measured at a time can be overcome either by placing several sensors in the same optical fibre at different central wavelengths or by using an optical switch. Two more phase masks were bought at different wavelengths to have the ability to write three different sensors in the same fibre. Two different sensors in a single optical fibre were tested successfully.





The results are very satisfactory since they match the results obtained by conventional methods. Moreover, the Bragg grating can be embedded, as demonstrated, to measure the internal strain field and they do not need to be re-calibrated. Their survivability is excellent.





Health Monitoring System (piezoelectric sensors)


Piezoelectrics Operating Principle





The main feature of piezoelectric materials is their ability for transforming strains into electric energy (direct effect ) and vice-versa to expand or contract themselves when an external electric field is applied (converse effect ); typically this deformation is around 0.1-0.2% in a 10KV/cm field. Both properties make piezoelectric materials be important elements of the so-called smart structures, behaving as actuators and strain sensors.





The main applications of piezoelectric materials in the smart structures field, making use of their ability as sensors and actuators are:





	Impact detection


	Active damping and vibration control


	Adaptive structures


	Cure monitoring


	Health monitoring





The PZT constituent equations can be expressed in the form: 





S11 = s11E  T11 + d31 E


D3 = d31  T11 + e33T E





the first correspond to the behaviour as actuator and the second as sensor. The terms that appear in this expression are: 





S: piezoelectric strain. 


sE: inverse of the Young module with constant electric field ((5 10-10 Mpa-1) 


T: applied mechanical stress. 


d:  piezoelectric constant. ((140 10-12 m/V) 


E: applied electric field 


D: electric displacement 


eT: dielectric constant with constant mechanical tension. ((1.5 10-8 F/m). 


Damage Detection 





The blade health monitoring consists on the installation of structural sensors in the structure to allow us to know the state of the blade every time, detecting damage and feature variations before them become critical to the blade performance and avoiding some in-situ maintenance. Health monitoring - delaminations, cracks, etc.- by means of piezoelectrics could by achieved by checking some blade characteristics such as:





Local vibration features 


Global vibration features


Strain waves propagation





The objective of this project was to acquire the knowledge on these damage detection methods and to develop a system to made use of the two first ones, the global and local vibration methods.





The first method, sometimes called ‘electromechanical impedance method’ or ‘selfsensor’, is valid to monitor small and localised damage in a critical zone, like a bolt, junction etc. It consists on locally exciting the structural vibrations. As energy dissipation and local vibration in the material depends on its damage state, the response of the material will change when delaminations, cracks, etc. are present. In this way, if the system responses for the undamaged and damaged structure -in frequency or time domains - are compared, defects can be detected. 





The piezoelectric device is wired to an electronic circuit connected with the acquisition board that allows us simultaneously to excite and to register the response of the selfsensor. This device is represented in Figure 5.





�EMBED Word.Picture.8���





Figure 5. Electronic circuit for selfsensing





Exciting the system at different frequencies and analysing its response we get the structure signature, which will be subsequently compared to a pattern one, verifying the structural integrity of the system. The whole process is controlled by means of a program developed in Labview that calculates the transfer function of the system, compares it with the original system one and inform us about the presence of damage.





Figure 6 shows an example of a Transfer function on a specimen with and without damage.





The second method consists on measuring the global vibration features of the monitored structure (e.g. eigenfrequencies and modal shapes) using several sensors. With this is also possible to locate where the damage is located by comparing the magnitude of the signal from the piezoelectrics located along the blade for certain frequencies. In order to obtain the blade eigenfrequencies, eight piezoelectrics (10 x 20 x 0.2 mm PIC 155 piezoelectric ceramics) were placed along the blade. All the sensors were connected, by means of a shielded cable to a signal conditioning system with filters and amplifiers and then to an acquisition board from National Instruments (1.2Ms/s and 12 bits) installed in a PC.





The data acquisition process was carried out by means of a program developed in Labview that also determines the eigenfrequencies of the system and the corresponding damping factors by obtaining the FFTs of the signals. 





�





Figure 6. Transfer Function of a specimen with and without damage








�In order to distinguish between the different vibration modes, 2 more sensors were installed. These sensors were located in the same section that one of the previous sensors, as indicated in figure 7.





Figure 7. Sensors arrangement for modal discrimination


Test Data





The blade was lightly hit to do it vibrate. The signal obtained by one of the sensors after the excitement is plotted in Figure 8. 





�





Figure 8. Acquired signal when hitting the blade (time in seconds and voltage in Volts)








The first 5 eigenfrequencies obtained by this method are showed in Table 1, compared to those obtained by means of accelerometers by C.R.E.S.





In Figure 9 the Fourier transform is represented, showing the agreement between piezoelectrics and accelerometers results (round marks).








Mode�
Accelerometer Results�
Piezoelectric Results�
Vibration Mode�
�
1�
2.87�
2.87�
Flapwise�
�
2�
4.44�
4.46�
Edgewise�
�
3�
9.16�
9.17�
Flapwise�
�
4�
15.52�
15.53�
Flapwise�
�
5�
19.69�
19.73�
Flapwise�
�



Table 1,1st Test Eigenfrequencies results








�





Figure 9. Piezoelectric and accelerometer results





During a second test a sleeve was installed near the tip of the blade, impairing its vibrational features. The new results are showed in Figure 10, together with the original ones. It should be noted the frequency shift, being an example of how the vibration analisys with these sort of sensors allows us to detect structural defects.





�


Figure 10. Frequency shift due to the sleeve installation


�
BLADE MANUFACTURING by AERPAC





Activities 





In January, the activities were mainly the preparation of blade material and mould and then on 13/14.1. the production of the non-standard "smart blade" in AERPAC´s joint venture factory in Tudela, Navarra, Spain (AERTUSA). 





Decision on type of manufacturing process for the smart blade





Due to the on-going R&D on the implementation of the Resin Injection Moulding RIM-technology in-house in AERPAC´s head quarter and fabric in Almelo, The Netherlands, unfortunately this development was not yet ready to produce a complete blade with this technique in January 98. Thus, the traditional hand lay-up technology was finally chosen. 





Specific design - modification of the standard APX 25 blade





As the optical fibres are embedded in the structure of the blade, a review on the structural design was necessary in order to consider the effects of optical fibres in the composite structure. Especially in the area of the main stiffener, which are unidirectional filaments, the implication of axial cracks must be prevented due to the optical fibres, especially when loaded in fatigue mode. The shell structure itself nearly has not been modified referring to the standard APX 25 blade. 





Mould preparation





The existing mould has been prepared in such a way that the vacuum still could be applied during curing, despite of the cables and optical fibres which were integrated in the blade structure on both half of the blade, which is necessary to avoid air content and to obtain a high fibre volume fraction of the composite material. 





Blade production considering the integration of optical fibres in the process 


 


As the production process of the prototype smart blades differs from a standard production procedure, most emphasis has been undertaken during the preparation period to avoid any structural changes due to a changed manufacturing process. Basically, the blade is build up of two shells which are produced in two half of the blade mould, which is known as the open mould technique. The structural lay-up is done in the open mould. The layers  are put into the mould dry and are impregnated layer by layer with epoxy resin. Once the shell structure was made, the stiffener is produced in one half of the mould. The shear stiffener is produced a part. Additionally, the pre-cut foam pieces are laid-up in the on the skin laminate to form a sandwich construction. Over these foam areas, a finishing lay-up is done to complete the sandwich, especially in the regions of  shear loading and to avoid buckling. These two half were bonded together with V-shaped prefabricated laminates and a special epoxy resin.


�
TESTS RESULTS WITH STRAIN GAUGES AND ACCELEROMETERS by C.R.E.S


Introduction - objectives





In this report the first results of the full-scale blade tests of the AERPAC APX-25 blade carried out at CRES Full Scale Blade Testing Laboratory are presented. Static tests were carried out at CRES laboratory on March 18, 1998, while the modal test was performed on March 17,1998. 





The objectives of the test were to evaluate the ability of the optical system in providing information of the strain distribution in the blade structure, and the comparison of the results obtained between the conventional method (e.g. strain gauges etc.) with the innovative techniques developed, utilising optical and piezoelectric sensors.





The following tests have been carried out:


Static test 


Modal test


Test Setup





Blade fixing





The blade was fixed at the steel supporting framework having its longitudinal axis in horizontal position. The orientation of the blade tip chord was horizontal and the pressure side of the blade was downwards. An interfacing steel plate (1400x14000x50 mm) was used to fasten the blade to the standard steel supporting framework of the laboratory.  The blade extender was fastened to the steel plate with 24, M27 bolts, while the blade was attached to the extender with 24, M20 T-bolts. The bolts fastening the blade extender to the steel plate were pre-loaded to their nominal torque.





Load introduction





The test load was applied as a concentrated force through a wooden sleeve at 1 span-wise location, by using one hydraulic actuator (made by MTS) with capacity of (25kN, max. stroke 500mm. The hydraulic system was operating in load control mode.  Additional information on the load introduction method shall be given in the relevant paragraphs.





Data collection





In general the following quantities were measured and recorded during the tests:





Forces/loads


Deflections


Strain


Accelerations


Environmental conditions


The force at the loading position was measured by using a load cell placed between the blade and the hydraulic cylinder (MTS, (25kN).





Deflection measurements were accomplished with the use of the displacement transducer (LVDT, by MTS) embedded in the hydraulic actuator.  





Strain was measured using single strain gauges and 0-45-90 strain gauge rosettes (HMB). HBM ME30 amplification units were used for the signal conditioning of strain gauges.





Acceleration at 8 span-wise locations was measured using 8, 1-axis, strain gauge based accelerometers (KYOWA, (1g, (5g, (10g)





Temperature, humidity and atmospheric pressure were measured continuously during testing.





All signals were input to two AMUX 64Ô multiplexers manufactured by National Instruments.  An AT-MIO-16 A/D card with 12bit resolution, also by National Instruments, digitised the signals at sampling frequencies ranging from 1 to 280 Hz, depending on type of testing.





The data acquisition system was calibrated end to end with the strain gauge calibrator indicator 120/350Ù type 1550A by Measurement Group Inc.  Calibration includes the whole system from gauge terminals up to the PC recording the data and was performed according to the calibration procedures of CRES W/T Blade Testing Laboratory. 


Static test





Strain distribution measurements were performed at the span- and chord-wise locations where the fibre optic sensors were placed, for comparison purposes with the strains obtained from them.  The blade was loaded in the flap-wise direction only.  





The static test comprises of strain distribution measurement for 1 load case.


Modal tests





The aim of the modal test was the determination of the modal characteristics of the blade, namely, eigenfrequencies, modal damping coefficients and mode shapes. 


One hydraulic actuator imposed the excitation force.  It was of very short duration (abrupt excitation) so that its energy content is adequate for the excitation of the first modes of vibration.  The force was applied on the leading edge at a distance of 3.53m from the interfacing steel plate, perpendicular to the blade radial direction at an angle of 26o with the flap-wise direction.  Eight accelerometers were mounted along the c/4-axis of the blade.





The output of the 8 accelerometers, the excitation load, as measured with the load cell mounted on the hydraulic cylinder, along with the atmospheric data were recorded for a period of  30 sec, with a sampling frequency of 280Hz.





�
Results and Conclusions





The three major innovative results of the Project were:





Bragg grating fibre optic sensors plays similar role to standard electrical strain gauges, with significant advantages. A manufacturing facility has been developed at UPMAD producing fibre gratings of narrow spectral width and good mechanical strength, surviving up to 10,000 microstrains. It is one of the few BG manufacturing facilities existing in Europe and had significant influence for the success of the project itself and for the exploitation of results; the cost of commercial gratings is still so high that would discourage non aerospace companies to try this new technology.





Similarly, there was not an European system commercially available for reading FOS, and we had only the reference of a system under development by an European aircraft manufacturers consortium in the frame of a BE project. We undertook the development of an optoelectronic equipment. At the closing date of the project, after three prototypes with upgraded characteristics, we have a patented system with a reading accuracy of ( 20me and 12 Hz. scan rate. 





A third major goal attained was the development of a Structural Health Monitoring system (SHM system) based on a piezoelectrics network. Even the use of piezoelectrics was not explicitly consider in the proposal, it became progressively clear that they are better suited than FOS for damage sensing purposes. Small piezoelectric chips 10x10x0.1 mm, are extremely sensitive to dynamic strains, producing a voltage output that may be read directly by a board acquisition card connected to a PC. They afford, in a very cost-effective way, similar information to that obtained presently by accelerometers. 





A computer code simulating the behaviour of a blade incorporating an active damping system was available at the end of the first year. The conclusions were not as satisfactory as expected. The requirements for a system to be effective are difficult to meet, but even worst, the system shows to be very sensitive to misfunctions of the control logic, impairing the reliability of the whole structure. 





Summarising, the global objective of the Project, to evaluate the feasibility of implementing into WT blades smart structures concepts, has been fully covered and positively answered.





Fibre Bragg gratings have demonstrated the capability to do the same work as conventional strain gauges, with several additional advantages: embedding capability, no calibration needed, absolute measurements, long term stability, even at high temperatures, high multiplexing capability, immune to EMI, etc.





The FOS can be considered as a prospering contribution to





a)  prototype certification measurements for strain in rotor blades.


the Health Condition Monitoring System of the rotor blades of wind turbine.


The access to the interior of rotor blades, even more installed on the wind turbine, is effectively difficult and restricted during operation. One of the basic advantages of the FOS is that the sensors itself, the optical fibres, can be integrated in the structure during the manufacturing of the rotor blades, e.g. in the girder. 





Usually, the certification procedure of prototypes includes the load measurements on the blade root. This is part of the measurements on the rotating system of the wind turbine. Here, strain measurements during operation under extreme wind conditions are carried out in the moment only looking to the strain at the blade root, as the traditional strain gauges can not be installed in aerodynamic important areas of the blades. Thus, the only remaining part of the blade is its root where the traditional strain gauges can be bonded from the outside. 





In contrary, embedding the optical fibres along the whole blade length already in the manufacturing of the blade allows the measuring not only on the blade root. The critical design areas of rotor blades are not nowadays the blade root area, because it has been studied in the present in sufficient detail. Thus, more emphasis should be focused on the strain measurements along the rotor blade axis in operation.  This seems to be ideally possible with the FOS.  





Therefore, it is possible to connect the data acquisition system to the sensors within the annual maintenance check. The structural health of the blades can be checked very easily by detected changes in strains due to material fatigue or damages and debonding.  





Concerning to the piezoelectrics, the following comments need to be pointed out:





The technology is very mature, it can be applied immediately.


It is to be demonstrated that eigenfrequencies shifts may be used as a life assessment indicator. Long term tests need to be carried out.


 


The major issue with piezoelectrics is not so much a hardware problem. In the search of a reliable structural damage detection system, two different approaches with piezoelectric technology have been followed: modal analysis, and waves analysis.





In the case of modal analysis, piezoelectrics have demonstrated a high efficiency. Expensive and delicate accelerometers can be in most cases substituted by cheap and rugged embedded piezoelectrics, which offers similar information without complicate and expensive signal conditioning systems.





In the case of waves analysis, the volume of information that have to be acquired and processed, the algorithms required to translate them into useful information, and the lack of a reliable model of damage in composite structures complicate the problem. Structural damage detection is achieved, but damage identification, that is, to discriminate about damage kind, size and location is out of today possibilities.





�
Exploitation plans





Four results  from the Project have been identified for further exploitation.





Portable equipment for dynamic reading of multiple Bragg grating sensors.





� FORMTEXT ��The optoelectronic device basically consists on a high power broadband source (a superluminescent diode -SLD-), a tunable Fabry-Perot optical filter, a reference system, a high sensitivity photodetector, a multiple optical switch, auxiliary optics, the electronics required to control the system and to communicate it with a high speed data acquisition card, and the software required to do it. The equipment is able to dynamically scan multiple optical fibers equipped with multiple fiber Bragg grating sensors. Commercially available alternatives, none of them manufactured in EU, offer lower performances and versatility (closed systems with opaque software) at very high cost. �





It will be exploited by a subsidiary company from UPMAD, created with venture capital, by the personnel who worked in the Project.





Engineering services of measurement of strain in structures by optical fibre grating sensors.


Potential sectors in which this technology can be applied are countless. Civil engineering structures, as bridges or tunnels, constructions and machinery in hazardous environments, as mines or nuclear power plants, or systems submitted to high power electromagnetic fields, and aerospace structures can take advantage of a lightwave based sensor, practically immune to extreme environments and readable by a portable equipment that can be located at several kilometers from the analyzed structure.


The main potential barrier that this technology presents is the reluctance to introduce a new monitoring technology.





Damage detection in structures by piezoelectrics





� FORMTEXT ��Very thin small piezoelectric patches (0,1 X 5 X 5 mm.) can be bonded on the surface of any structure, or embedded into it in composite materials. An small number of them, adequately located, and interconnected to a PC through a DAQ, will provide information on the vibration modes of the structure.


By periodic checking and comparison of the actual signature to the initial one, the ocurrence of any major disturbance, like subcritical cracks, may be detected.


Due to their low cost, these sensors can be placed in the structure while manufacturing, remaining operative the whole life of the structure. Safety of the structure is increased; maintenance would be done on a 'on required basis', instead on a 'statistical risk prevention basis'. Life cycle cost of the structure is also improved.�





Manufacturing Wind Turbine Blades with embedded sensors





� FORMTEXT ��During the SMART BLADES project, optical fiber Bragg grating sensors, measurement optoelectronic devices, advanced techniques to embed optical fibers and sensors into composite structures, techniques that allow efficient methods to ingress and egress optical fibers even through surfaces that have to be mechanized, and techniques that allow to repair damaged embedded optical paths have been developed.


These techniques, unknown by composite structures manufacturers, are required to adequately integrate an optical fiber sensing network in a composite structure, allowing a long term survival of the sensing network without inducing the existence of points that could promote future damages in the structure.�
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