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Abstract 
The paper present a research focused to evaluate the behavior of the carbon fiber and fiberglass type material 
under progressive stress and the capability of acoustic emission to highlights material reactions. The research is 
inside the frame of FP7 European Projects – TidalSense Project. The first part of research program has been 
related to a sail, in fiberglass material used to generate energy from tidal current. The scope has been to evaluate 
the acoustic emission technique to monitor a sail during service. The second part has been related to carbon fiber 
materials used in aerospace components. The scope of acoustic emission was to evaluate the damage tolerance of 
impact due to causalities and their propagation during service. The results of both research has demonstrated the 
great capability of acoustic emission to provide real time information on the micro and macro mechanism of 
detachment and failure in the matrix of the material. 
 
Keywords: structural health monitoring (SHM), Acoustic Emission (AE), acoustic emission, fiberglass, carbon 
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1.  Introduction 
 
The research on renewable energy has estimated that the tidal around the world with an 
alternative level of at least 10 m can produce a large electrical energy to justify the research 
and investments. 
Several projects have been developed to achieve the target to produce energy by tidal 
movements.  
One of this project has been included inside European project FP7 denominated Tidal Sense 
Project. 
In fig.1 a simulation of the system has been represented. 
 

 
 

Fig.1: Configuration of the blades in fiberglass material in  underwater condition that will be moved 
by the tidal flux of the sea. Minimum change of tidal level to apply this project hase to be 10 m. 
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2.  Research on fiberglass material under Acoustic Emission monitoring:  
 
The scope of the research has been the study of the behaviour under bend test of the material 
in order to provoke a compression mode which is the fundamental stress of the blades during 
service. 
The sample we have used is represented in fig.2. 
The loading system we have used for this test have been an hydraulic manual pressure device 
which has been choose to reduce the noise during loading and to have a more constant load 
during the test. 
The diagram  of fig.3 represent the hits during the 200 h of constant load at 50 bar. 
As illustrated in the diagram of fig.3 periodically there were high emission of acoustic  
impulse with amplitude among 80 dB to 100 dB followed by very low emission with 
amplitude in the range of 45-50 dB. 
After 200 h on the surface of the sample a great cracks appear followed by high acoustic 
emission signal of amplitude over 80 dB. 

 

 
Fig. 2: Experimental test on fiberglass sample monitored with acoustic emission to catch the energy 

released under constant compression.  
 

 
Fig. 3: The diagrams are related to the sensors attached on the fiberglass sample. Both channels 
indicate at intervals strongly emission of hits with amplitude of 80-95 dB up to the failure of the 

sample. 
 
 



 
 

Fig. 4: Prototype of fiberglass blades in 1:1 scale to undertake stress test monitored with acoustic 
emission and guided waves. 

 

 
Fig. 5: Prototype of the blade under the stress system during the test.  

 

 
Fig. 6: equipment VALLEN SYSTEM used for the test. 

Acoustic Emission probes 



 
Fig. 7: Location of the acoustic emission sensors on the blade 

 

 
Fig. 8: State of the cracked area after the final compression test 

 



 
Fig. 9: The diagram represents the high number of hits in channel 1 and 2 located at the extremity of 

the blade were the cracks have been generated; the others represent the hits emission in the centre part 
of the blade. 

 

 
Fig. 10: On the left the longitudinal crack on the extremity of the blade; on the right delamination that 

has caused the crack on the extremity 
 

 
Fig. 11:High rate of hits coming from channel 8 located on the first extremity in which crack strated.  

 
 
 
 
 

 
 



3.  Research on carbon fiber materials under Acoustic Emission monitoring 
 
The extended application of carbon-fiber and fiberglass materials in aerospace and other 
industrial application has motivated and extensive program for the study of the behaviour of 
this type of material under stress. 
The central scope of this research has been to make knowledgeable the three stage of the 
material when loaded up to the collapse. 
In fig.12 and example of a sample under pressure monitored by acoustic emission. 
 

 
Fig.12: Tensile strength  machine with the sample positioned a straightly guided support to avoid 

flexibility during stress. 
  
1.1 Sequence of the linear compression test 
 
The sequence of the test has been made with gradual increasing loads with soaking time in the 
range of 10 minutes. The maximum value of pressure has been 18.000 Kg. 
During the soaking time ultrasonic examination in C-scan presentation has been made to 
determine the area of damage. 
 
1.2 Results of the test 
 

 
Fig. 13: Presentation of the full acoustic emission monitoring of the sample up to the collapse. 

In stage A the amplitude of the impulse in between the “charging trees” reach the maximum value of 
60 dB; at stage B the amplitude of the hits during the soaking time reach a maximum of 90 dB; in 
stage C the sample collapses with an amplitude of 100 dB. The emission during the soaking time 
between B and C is continuous (high density emission) giving evidence of  general fracture of the 

material close to the rupture.  
 

A 
B C 



In fig. 13 the full sequence of the test has been presented with a diagram in which the energy 
released expressed in dB are tabulated versus time. 
Very clear, also reading fig.14 the three stages, expressing three different behaviour of the 
material. The consideration from the point of view of the project it appears that the value for 
service condition shall be selected in region A. 

 
 

 
Fig.14: diagram expressing the three fundamental behaviours of a composite material from zero stress 

up to collapse. 
 

 
Fig. 15: Presentation of the first stage of pressurization with max 60 dB and limited emission density. 

 
4.  Final considerations 
 
From the basic research made on fiberglass we may assume that there is a value of load under 
which a fracture mechanism start in the material up to the collapse. 
On the carbon fiber  the load was not constant but applied progressively. 
Also in this case is seams that there is a value of load over which the material give up to an 
unarrestable crack. 
From the data obtained in the different tests monitored with acoustic emission we can state 
that this method may help to characterize the materials and may give indications on the 
maximum value of stress applicable without generating failure in the component. 
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