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Abstract 
 
 The field of mechanical industry covers a broad range of materials and structures for applica-
tions varying from pressure equipment to a winch for lifting device. Necessity to know the integ-
rity of these structures during their service life leads to the use of acoustic emission (AE) in order 
to detect and characterize damage occurring in the materials and structures. This paper describes 
a few examples, for which AE measurement is implemented. The first one concerns the detection 
of damage in fiber-reinforced plastic (FRP) samples during static and dynamic loading. The ob-
jective is to predict the long-term behavior of the FRP samples by the analysis of AE results cor-
related with ultrasonic measurements. Another application is the control of inaccessible pressure 
equipment (i.e., buried tanks) that requires specific conditions for sensors mounting. Monitoring 
of stamping process is also an interesting possibility for using AE method to detect tool breakage 
and chip defect. Nowadays the integration of electronics and mechanical engineering is an inno-
vative direction and is called ‘Mechatronics’, requiring the implementation of AE monitoring. In 
this context this paper shows the AE monitoring of a winch under various kind of loading and 
with different types of faulty conditions. All these different applications have led to the develop-
ment of AE techniques in terms of signal analysis and conditioning, and sensor mounting. CE-
TIM has also developed a specific bench for the verification of sensors and preamplifiers in order 
to help characterize instrumentation and fulfill requirement of quality assurance 
 
AE Application for the Control of Composite Structures 
 

The objective of this work was to determine the long-term life of carbon-fiber epoxy samples 
previously damaged by an impact [1]. Two types of tests were performed (Fig. 1). 1) Static com-
pression tests whose objective is to determine the load at break of impacted samples. 2) Dynamic 
tensile/compression tests whose objective is to determine the long-term life. 
 
Static tests: During static compression tests the beginning of AE is detected from a load at 23% 
of the failure load. A significant increase appears from a load equivalent to 70% of the load to 
failure. AE activity increases but also the amplitude and energy of recorded signals are increasing 
too. That corresponds to the appearance of broken fibers and growth of cracks caused by the im-
pact. 
 
Dynamic tests: Considering the static test results, dynamic tensile/compression tests have been 
performed to a load equivalent to +66% of the failure load. The behavior of impacted samples 
during fatigue tests helps to validate their long-term life with the presence of a major flaw. AE 
monitoring enables one to distinguish during one tensile/compression cycle when damage is oc-
curring. It appears that the damage occurs mainly during the compression phases.  Such monitor-
ing can also determine the number of cycles corresponding to the beginning of damage and its 
evolution over time (see Fig. 2). In addition, by using the source-location technique, it is possible 
to identify the position of the early damage and to monitor its evolution in the test sample. Figure 
3 shows that the damage has grown from sensor 2, placed in the center of the specimen, toward 
the sensor 3. The amplitudes of located events are greater than 80 dB.  Such high amplitudes cor-
respond to fiber breakage and delamination within the specimen. In conclusion, correlation 
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Fig. 1 Experimental conditions and position of 
sensors. 

 
Fig. 2: AE evolution versus load and total 
number of cycles. 
 

 
Fig. 3: Located damage inside specimen. Solid bar (green): ≥ 80 dB, open bar (blue): ≥ 95 dB. 

 
between AE results from the static and dynamic tests helps develop models for the evaluation of 
residual life of these structures. 

Another interesting example of AE for composite material is described on piping systems. 
The objective of this study was to assess the harmfulness of various defects due to the lack of 
adhesion in mechanical tests and to monitor the damage by AE during the leakage test. For each 
assembly, two improperly glued areas were made in the sleeve. The non-bonded zones are lo-
cated at the end of the tube insert. The area is not glued to the sleeve. The width of area not glued 
to the inner surface is respectively 10% or 30% of the overlapped length. The absence of glue 
was first characterized using X-ray. The assemblies were then tested under internal pressure and 
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alternate bending to determine the influence of defects on damage. A linear location array with 
sensors C1 and C2 was established on both sides of the glued joint assembly in order to detect 
early damage in the joint and to monitor its progress during the test (Fig. 4). Acoustic emission 
was detected at 65% of the value of the alternate bending load, for which leakage occurred (Fig. 
5a). The evolution of the location of AE signals enables us to follow the path of damage through 
the glued joint and to predict the location of leakage inside the assembly (Fig. 5b). 

 

 
Fig 4: Experimental conditions  

 

 
Fig. 5: Location map of AE events. a) at 65% of the leak load b) at the leak load. 

 
AE Application for the Monitoring of Inaccessible Pressure Equipment  
 

The objective is the establishment of a methodology for AE monitoring of inaccessible pres-
sure equipment such as a blanketed sphere shown on Fig. 6. Currently, two technologies are used 
[2]: 1) Permanent attachment of sensors; 2) Using waveguides, with sensors set up at their ends. 
The choice was made for waveguide technology, because of different advantages such as: 

 

 
Fig. 6: Sphere under blanket. 

 

     
Fig. 7: Attenuation experiment for wave-
guides installed on a blanketed plate. 
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• The sensors are set up at each monitoring site.  
• The coupling method is well established.  
• There is no degradation of equipment due to long-term outdoor installation. 
• The waveguide technology has been mastered from design to installation. 

In order to validate this choice, tests were carried out to establish the conditions of wave propa-
gation by simulating a portion of the overall pressure equipment. Figure 7 shows different operat-
ing conditions for the determination of wave attenuation. All the tests have been performed with 
the same material as those used on site. The curves in Fig. 8 show that the attenuation of waves 
in case of blanketed plate is equivalent when the sensor is placed on the painting or it is placed at 
the end of the waveguide. The size of waveguide and the distance between sensors have been 
optimized after considering the attenuation on the plate, attenuation from waveguides, and at-
tenuation within waveguide. 
 

   
Fig. 8: Attenuation measurement with sensors. a) on a plate, b) with waveguide. (green curve: 
raw plate; red curve: painted plate; blue curve: blanketed plate)  
 

 
Fig. 9: Position of AE sensors on a tested bench. 

 
AE Monitoring of Transmission  
 

The gears are widely used in most mechanical equipment in such sectors as automotive, 
transportation and aeronautics. Numerous studies have been made on the diagnosis of defects on 
gear, but most of them concern the treatment of vibration signals [3]. In recent years, new meth-
ods such as AE have been proposed to provide other alternatives and try to overcome the com-
plexity of signals generated by machines and certain defects. The work carried out by CETIM 
intended to demonstrate the value of AE to detect defects on gear, and more specifically the ini-
tiation of the shelling. To achieve this, tests were conducted on a specific gear bench at CETIM, 
which led to degradation of gear teeth in a controlled manner and for which, monitoring of AE 
and vibration were conducted simultaneously [4]. 
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Experimental conditions: Test bench is a chassis equipped with a reducer (40 teeth/40 teeth) and 
a reducer (20 teeth/20 teeth) under test. The tested reducer has a rotation speed of 1000 RPM, 
rotation frequency is therefore 16.67 Hz .The frequency of gearing is about 300 Hz. The AE sen-
sors are located on the breech of the bench as shown in Fig. 9. A system designed specifically for 
this study can record AE signals automatically with 1 MHz scanning. The acquisitions are pro-
grammed at a periodic interval. They cover the entire lifetime of gear over several weeks or 
months. All analyses presented below have been made from a "broadband" sensor, filtered above 
250 kHz. 
 
Analysis of the kurtosis coefficient: The kurtosis coefficient is often used to characterize the 
peakedness of a distribution compared to a normal distribution. A positive kurtosis indicates a 
relatively peaked distribution (tends to include bursts), while a negative coefficient corresponds 
to a relatively flat distribution (tends towards a continuum). Figure 10 shows the evolution of 
kurtosis of AE signals for all teeth against the number of cycle (lifetime is approximately 7000 
cycles). As shown by an arrow, the kurtosis of AE signals starts to increase at ~3000 cycles and 
can be regarded as an effective tool to predict failure at 43% of the lifetime. As shown in the in-
sert, the first scrape was found at this level of cycling. It is a simple description, which summa-
rizes a whole signal and gives an image of the compact appearance of peaks or shocks. 

This AE evaluation with kurtosis coefficient of mechanical components is promising as 
acoustic detection tool, but it must be validated using other more sophisticated techniques. Still, 
AE technique has a great potential for rotating machinery and can contribute to a successful sur-
veillance. This technique will be advantageously complementary to conventional techniques of 
vibration, which is already often used for diagnostic problems. The AE technique has been ap-
plied for the monitoring of transmission bodies of the Queen Mary.  
 

 
Fig. 10: Global evolution of kurtosis of AE signals during initial acquisition period. 

 
AE Application in Monitoring of Handling Systems 
 
 Any unplanned stoppage of a machine for maintenance is less and less acceptable on an in-
dustrial site. Stopping the production often gives rise to a huge cost compared to the price of the 
default component. In this context, the CETIM started in 2005, a “Mecatronic Project for Mobile 
Equipments [3]” in order to improve the driving and the safety of mobile equipments, especially 
of handling systems (cranes, overhead cranes). A test bench has been designed in order to study 
the feasibility of condition monitoring of a winch. Several transducers were fixed on the winch in 
order to define for each studied failure, which transducer provides the best monitoring tool (vi-
brations with industrial accelerometers and wireless transducers, AE [4], strain gages, current, 
voltage, speed and process parameter). Results shown below are on AE measurements. 
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Test bench and instrumentation: The objective of the project conducted at CETIM was to check 
the feasibility of the condition monitoring of an industrial winch. Several options were thought 
for the development of a test bench (to lift a load or to reproduce it with a second winch). Finally, 
the second option was chosen (Fig. 11a). The instrumentation set up to detect various defects on 
the winch is made up of three AE sensors (Fig. 11b). 

a)  b)  
Fig. 11: a) Test bench, b) A winch with 3 AE sensors. 

 
The three sensors are glued on the winch with cement, and are arranged as follows:  
- 1 sensor on drum bearing outside the drum (sensor 1),  
- 1 sensor on drum bearing side engine (sensor 2),  
- 1 sensor on engine bearing (sensor 3). 

The AE equipment consists of a resonant sensor in the range of 200-400 kHz, a preamplifier and 
a high-speed AE data acquisition card. 
 
Examples of simulated defect [5]: To simulate the condition of lack of lubrication, the winch was 
disassembled, the gearbox was open and most of the grease was removed. Some grease was left 
on the gears, which will be evacuated when the gears will start rotating. The AE measurements 
have been completed at different stages of lack of lubrication: the first series of tests just after 
removing the grease, and the second round after a few hours of operation. A spectral analysis of a 
signal in the first series is shown in Fig. 12. 

 
Fig. 12: Signal spectra at low frequency during a test with insufficient lubrication (red) and under 
normal operation (blue). 
 
 A significant increase in level over the entire frequency band is observed for the test with 
lack of lubrication. This difference is mainly observed for high-speed rotation of the winch.  
No significant frequency is underlined. This result seems logical, since for such defects phenom-
ena, AE sources are the friction between mechanical and metal wrenching. In the second series, a 
temporal analysis is performed, since for this type of defect the most relevant parameter seems to 
be the kurtosis (Beta 4) (Fig. 13). 
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Fig. 13: Kurtosis evolution parameter on the signal. a) For a normal operation, b) When tested 
with insufficient lubrication, c) After several hours of operation without lubrication. 
 
 The kurtosis parameter gives good results to detect the lack of lubrication. The peaks re-
corded with lack of lubrication (Figs. 13b and 13c) are very important compared to the values of 
kurtosis for a normal use of the winch (Fig. 13a). The first figure represents the worst case for the 
detection of the phenomenon; this test was conducted at the minimum speed (120 rpm) and just 
after removing the grease. At a later stage of lack of lubrication (Fig. 13c), the detection is much 
easier because both the frequency of peaks occurrence and kurtosis level are higher.  These tests 
show that the kurtosis of AE signals allows an early detection of lack of lubrication.  
 
Brake failure: Sometimes after starting the winch, the brake remains in the engaged position, or 
it engages involuntarily during an intervention (unintended fallout). Often the operator is at the 
cockpit and does not notice that the winch brake has engaged. Therefore it creates abnormal heat-
ing followed by significant damage. The simulation of this defect is achieved by engaging the 
brake manually during a test cycle. Figure 14 gives the difference between a normal shutdown 
and a shutdown caused by a defect in the brake. The parameter used is the average signal value. 

 
Fig. 14: Average parameter evolution for a) normal stopping and b) stop during a brake failure. 

 
 The difference between a normal shutdown and a shutdown caused by a defective brake is 
clearly visible. In the case of a normal shutdown, the winch stoppage caused a drop in the aver-
age value of the signal. The peak of the average value observed is the braking. In the case of a 
defective brake, a first peak caused by the engaging of brake is observed. Due to increase of 
strain applied to the engine drive shaft and the speed decrease, an immediate decrease in the av-
erage value is observed. This “transitional” regime lasts a few seconds before putting security 
and total stoppage of the winch, and the average value falls to zero.  

a) b) c) 
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Conclusions: During the study, the bench test has enabled us to simulate a large number of de-
fects. In the case of "components defects", AE technique is efficient for the detection of bearing 
flaking and lack of lubrication. Components defects are usually detectable on sensors placed on 
both sides of the drum. AE also showed a good potential to detect "process defects". Indeed, 
most defects are detected: increase of the load, slack cable, cable leap, brake failure, etc. For 
these defects, the three AE sensors can be used. 
 
Application of AE Monitoring of Stamping Process 
 

At the request of the cutting - stamping profession, CETIM is currently engaged in important 
works about online control of the quality of cut and deep-stamped pieces. They mainly consist in 
the development and the validation based on the AE generated during the forming process. 
Acoustic emission is particularly interesting because it allows: 
• A better signal-to-noise ratio because the surrounding noise is strongly attenuated; 
• A better temporal resolution to detect impulse-type signals (generated by some defects). 

Because of high manufacturing rate, scrapes cannot always be evacuated efficiently. Their pres-
ence inside of the tool during cutting should leave footprints on the piece and also lead to a rup-
ture of the tool inducing an interruption of production. By comparing the signal of each strike 
with the previous ones, it is then possible to determine the quality of the piece under production 
and to check the proper working of the tools (see Fig. 15). In this case the process rate is about 60 
strikes per minute on a plate of 2-mm thickness. The accumulation of scrapes inside the tool (red 
curve) led to the breakage of the tool. By connecting our AE system to stop the process it would 
have been possible to: 
• Detect creation of the scrape on the hit labeled 438 (Fig. 15). 
• Stop the process before breakage of the tool on hit labeled 445. 
• Avoid production of bad parts (Fig. 16). 

A particular attention has to be paid to the determination of the better position of sensor inside 
the tool. 

 
Fig. 15: Comparison of signals for different hits of tool. 
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In conclusion our investigations are ongoing in several directions to increase the performance 
and robustness of the method:  
• Integrating more sophisticated and faster signal processing for detection of scrapes in fast 

cutting.  
• Increasing the reliability of detection according to the large variations in the conditions of 

production workshop (change of material, thickness, lubrication, stroke rate, type of press, 
etc.). 

 
Fig. 16: Stamped piece after breakage (right side). 

 
Development of Calibration Benches for Sensors and Preamplifiers 
 

To ensure the quality of the instruments used in control, two calibration benches, one for sen-
sors and the other for preamplifiers, were designed and implemented at CETIM. Both benches 
meet the following requirements  
• Absolute calibration methods for assessing the intrinsic characteristics of the component, in 

particular, its transfer function, 
• Rapid methods by automating operations: the time limited to 3 minutes, 
• Use a simple method, accessible to non-specialists. 

 

 
Fig. 17: Positioning of sensors on the calibration block. 

 
Calibration bench for sensors: The calibration is based on the reciprocity method defined by 
Hatano [6] by integrating two major simplifications: 
• The size of the calibration bloc comprising the propagation medium is reduced by 85%. 
• Stimulation is a broadband impulse.  

The set up uses three sensors, including two fixed regarded as a reference and the third is the one 
to calibrate. They are arranged in an equilateral triangle (Figure 17) so that the surface waves 
arrive first on the receiver- sensor. Two modes of calibration procedure are available:  
• Full calibration mode intended to check the fixed sensors. 
• Simplified calibration mode for daily use. 
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Fig. 18: Principle of the reciprocity calibration. 

 
Full calibration mode: The measurement is done using 3 sensors running alternately in transmis-
sion and reception, according to the arrangement in Fig. 18. The transfer function of the sensor is 
calculated from 6 measurements (3 emitted currents and 3 received voltages). 
 
Simplified method: In cases where two of the three sensors (sensor 1 and sensor 3, for example) 
are permanently fixed and calibrated in this position by the complete method, they can be consid-
ered as reference sensors. Their sensitivities, S1 and S3, are known so the sensitivity of sensor S2 
can be determined. However, for a good validity of the measure, reference sensors should be 
checked regularly by full calibration to avoid any degradation of their characteristics in time. 
Respecting carefully a modus operandi on the coupling of the sensor, the dispersion of the sensi-
tivity measured is no more than 2 dB. 
 
Preamplifier calibration bench: The characteristics of a preamplifier measured by the bench are:  
      Gain, the transfer function, saturation voltage, dynamic range, background noise at the input. 
All operations are automatically achieved on the same interface. 
 Both calibration benches are managed from the same interface in the environment ACCESS 
with two databases: one for sensors and the other for preamplifiers. These benches can meet not 
only our own needs but also be used by all AE users in the framework of a service agreement. 
 
General Conclusion 
 

All these applications differ, but it is evident that a much development has been made in the 
frame of inspection of structures and the monitoring of equipment and process. The effort already 
resulted in the improvement of integrated sensor for continuous monitoring and for the develop-
ment of highly capable data analysis techniques. Mechanical industry is still an open field for the 
application of acoustic emission.  
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