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Abstract 

AE monitoring during manufacturing process of materials and devices are often disturbed by noises. Further-

more, it is difficult to detect AE events with only one fixed threshold voltage when the types and amplitude of 

noises are fluctuating. Therefore, a strong detection method of AE events with multiple thresholds was suggested 

to follow fluctuation of noise level. This method was applied to detect AE events during plasma spraying process 

of ceramic coating. It is known that cracks in coating may affect its reliability. However, monitoring of spraying 

process with conventional AE measurement system was difficult because spraying machine emits large unstable 

noise and high heat. Therefore, laser AE technique and our new method of AE event detection were used to 

evaluate such complicated situation. 
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1.  Introduction 
 

Acoustic emission method is suitable to detect dynamic events in materials, devices and struc-

tures. Crack initiation and propagation, dislocation movement, leakage and many types of 

phenomena can be monitored by AE method. AE method can be adaptive not only to mechan-

ical testing and health monitoring but also to manufacturing process monitoring of materials 

and devices. However, AE monitoring in the field was often disturbed by environmental noise 

such as mechanical vibration or electrical pulse. High temperature of the target also makes it 

difficult to detect AE events. Therefore, noise tolerability is essential for AE measurement 

systems. For example, analog or digital frequency filters are equipped into number of AE 

measurement systems. However, it is difficult to follow the fluctuation of noise level for con-

ventional AE measurement systems, which can set only one fixed threshold level. 

 

A novel AE detection system called Continuous Wave Memory (CWM) was developed in our 

group to overcome this problem [1, 2]. CWM records the output signal of AE sensors to hard 

disks continuously during a whole experiment time. Hence AE analyses are completely re-

peatable even after the measurement as many times as needed to optimize parameters for 

noise filters and AE event detection. In this study, multiple threshold voltage function for AE 

event detection was added to follow fluctuating noise level during measurement. Low thresh-

old voltage is appropriate when the noise level is sufficiently low. On the other hand, high 

threshold voltage is needed when the noise level is high and the waveform constantly exceeds 

the low threshold voltage. One subset for AE events was obtained by one threshold voltage 

and all AE events were calculated from all subsets with different threshold voltages. 

 

Ceramic coating by plasma spraying is effective and widely used for surface treatment meth-

od to protect substrates from thermal and wear damages. However, several types of cracks 

such as delamination, segmentation and micro cracks within each sprayed particle occur in the 

coatings. Among them, delamination at or near the interface between a coating and a substrate 

seriously affects the durability of the whole system, which includes this coating. Thus, the 

detection and evaluation of cracks are important. Of course several ex-situ NDE methods such 
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as UT and RT are also available to find cracks in ceramic coatings [3]. However, AET is more 

adaptive for process monitoring because the occurrence of cracks during the process can be 

detected in real time. Laser AE method [4, 5], which utilizes a laser interferometer as a sensor, 

has been applied in this research. Laser AE method may be appropriate for process monitor-

ing because conventional piezo-electric transducer usually cannot be attached to the target 

under manufacturing process and often the temperature on the target exceeds their Curie point. 

In our previous research, AE events were successfully detected during spraying process of 

alumina top coatings [6]. However, AE events could not be detected during spraying process 

of yttria-stabilized zirconia (YSZ) for thermal barrier coating with single threshold voltage. 

The amplitudes of AE events from YSZ coating were smaller than the case of alumina be-

cause the small mismatches of thermal expansion coefficient between YSZ and the substrate 

material. Therefore, multiple thresholds were used to detect AE events. 

 

2.  Experimental Procedure 
 

2.1 Specimen 
 

The substrate of the specimen was a disk of Inconel® 601 nickel superalloy with 30 mm in 

diameter and 5 mm in thickness. This shape was chosen in order to reduce thermal stress con-

centration at the edge of the specimen compared with a rectangular one. The bottom surface 

of the substrate was mirror finished to get better reflection rate i.e. lower noise level for laser 

AE measurement. On the other hand, the top surface was grit blasted by alumina abrasive 

powder with about 500 µm of diameter to increase the adhesion between the substrate and the 

bond-coating layer. Two holes with 1.8 mm in diameter were drilled into the substrate to in-

sert thermocouples for temperature monitoring during the top-coating process and AE meas-

urement. After the setup of the substrate of the specimen, CoNiCrAlY particles (AMDRY 

9954, Sulzer Metco Ltd.) were sprayed to form bond-coating layer with 0.12 mm of thickness 

by high velocity oxygen fuel spraying process. Figure 1 shows the setup of the specimen. A 

slim type thermocouple with 1-mm diameter was chosen to reduce reaction time of the ther-

mocouple. One thermocouple protruded about 2 mm over the bond coating to measure the 

surface temperature of the top coating. 
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Figure 1.  Setup of the specimen. 

 

2.2 Laser AE measurement during plasma spraying 
 



ZrO2 – 8% Y2O3 particles (K-90, Showa Denko K. K.) were sprayed on the specimen to form 

a top-coating layer with conditions which are shown in table 1. Type SG-100 plasma spray 

torch (Praxair, Inc.) was held by an industrial robot arm and scanned over the specimen. Fig-

ure 2 shows the schematics of AE monitoring during deposition of the ceramic layer. The jigs 

were carefully designed to protect the specimen and laser AE equipment from superfluous 

vibration and roaring sound by plasma jet. The external jig guarded the internal equipment 

from the heat of plasma jet. There were a hole with 40 mm diameter at the center of the exter-

nal jig and its position was carefully adjusted so that the plasma jet would hit only the speci-

men through this hole. The specimen was fixed to the internal jig at three points on its side 

surface. The external and internal jigs were separated and shock absorbers were placed at the 

bottom of the both jigs. The plasma spray torch raster scanned five times over the specimen 

by 80 mm x 90 mm area with 5 mm pitch. The temperatures at the top surface and the center 

of the substrate were monitored by type K thermocouples with 100 kHz sampling frequency. 

 

Table 1.  Plasma spraying conditions 

 

Chemical Composition (wt%) ZrO2 – 8 % Y2O3 

Grain size (µm) 15 - 45 

Primary Gas (L/min) Ar, 50.0 

Secondary Gas (L/min) He, 13.2 

Spray distance (mm) 100 
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Figure 2. Schematics of AE monitoring during deposition of the ceramic layer. 

 

AE was monitored by four sets of noncontact laser Doppler interferometers (AT-0022 and 

AT-3600S, Graphtec Corp.). Continuous He-Ne laser beams with 2 mW power were focused 

on the bottom surface of the specimen to detect out-of-plane vibration. Frequency range be-

tween DC to 400 kHz could be detected by this interferometer with 1 mm/s/V of sensitivity. 

The demodulated signals were continuously sampled and stored into parallelized hard disk 

drives by the CWM AE measurement system with 10 MHz frequency, bipolar 5 V range and 

12 bit resolution. 



2.3 Analysis of AE Signal with multiple thresholds 
 

Figure 3 shows the flow chart of AE signal analysis. A recorded continuous AE waveform 

was converted into a spectrogram i.e. time-frequency-intensity data by short time Fourier 

transform method to separate noise and effective AE signal. Frequency filter and background 

noise filter were applied in frequency domain to earn sharp frequency cut-off [6, 7]. After that, 

AE events were detected with multiple thresholds. This multiple thresholds method is not es-

sential when the noise is stable and much smaller than the effective AE signal. In such stable 

environment, AE events detected by higher threshold voltage would be included in the event 

set detected by lower threshold voltages. However, this principle cannot be realized in noisy 

environment when noise is fluctuating and comparable as the effective signal level. In such 

unstable environment, multiple thresholds are needed because the optimum threshold voltage 

is always changing as fluctuation of the noise level. 
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Figure 3.  Flow chat of AE signal analyses. 

 

In this study, 2
10

 samples were selected as the length of Fourier transforming part to get suffi-

cient fine frequency resolution of about 10 kHz (= 10 MHz / 2
10

). The strongest noise compo-

nent was constantly observed at frequency below 100 kHz on the spectrogram, which was 

considered to be mechanical vibration of the specimen by plasma jet [6]. Therefore, high pass 

filter with 100 kHz cut-off frequency was applied to eliminate the noise. Furthermore, back-

ground noise was reduced by spectrum subtraction method [7]. AE events were detected from 

filtered continuous waveform with six threshold voltages of 200, 150, 100, 80, 50 and 30 mV. 

Each event was extracted when at least three of all four channels hit within 15 µs time lag in 

this study. This procedure was set to avoid single channel noise events such as electrical pulse 

or sudden laser scattering. AE events with different thresholds were recognized as the same 

one when the difference of trigger times of them was less than 100 µs. 

 

3.  Results and discussion 
 



Figure 4 shows the temperature history curve and the maximum amplitude of each detected 

AE events during the plasma spraying process (1V = 80 dB). All AE events were detected 

during spraying period and no events could be detected after finishing the spraying period. 

Color and shape of each plot shows the threshold voltage of each event. An AE event was 

plotted using the lowest effective threshold voltage when this event was detected with two or 

more threshold voltages. 
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Figure 4.  Result of AE event detection with multiple threshold voltages. 

 

In this experiment, no events were detected by the lowest threshold voltage of 30 mV because 

always it was too low against the noise level. On the other hand, all detected events by the 

highest 200 mV of threshold voltage were completely included by the events set by the se-

cond highest 150 mV of threshold voltage. Then, no consideration was needed to decide the 

highest and lowest threshold voltages because the result with too high threshold would be a 

subset of the result of a lower threshold and no events would be detected by too low thresh-

olds. On the contrary, many AE events detected by the higher thresholds were not detected by 

lower threshold voltages. It is because the noise level fluctuated so much and always was 

comparable to the effective signal level during plasma spraying process. Higher threshold 

voltage was needed to detect AE events when the noise level became high and the noisy 

waveform constantly exceeds threshold voltages. Therefore, AE event detection with multiple 

thresholds with 3 dB pitch would be effective in noisy experiment such as plasma spraying 

method.  
 

4.  Conclusion 
 

Continuous waveform recording enabled the flexible and strong noise reduction functions,  

and multiple thresholds for AE event detection made it possible to follow fluctuating noise 

level during dynamic manufacturing process. AE events were successfully detected during 

plasma spraying process of YSZ top coating with these AE measurement and analysis meth-

ods. 
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