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ABSTRACT 

Contribution contains an application of acoustic emission method during instability and 
growth of fatigue crack in reactor pressure vessel specimen loaded by means of bending. 
Material of specimen was typical material of pressure water reactor vessel covered by 
austenitic cladding as a protection layer against corrosion. Specimen had shape of prism with 
defect in the middle where fatigue crack was created very close to austenitic cladding. 
Loading of specimen was done in special loading machine with defined speed of loading resp. 
increased force. Investigation of instability and propagation of inertial crack was observed by 
acoustic emission technique, potential drop method, by using of straingauges and by high-
speed camera. Acoustic emission sensors were located from both sides of specimen. By this 
experimental technique was possible to observe "pop-in" of crack during loading. Different 
types of specimen with different mode of aging were investigated. Results of acoustic emission 
activity are described graphical curves in relation to individual stages of loading. 

 

1. Introduction And Aim of the Measurement 

An acoustic emission (AE) measurement during fracture testing of two test specimens with 
artificial defects (fatigue crack) was performed in accordance with the requirement of the 
customer Nuclear Research Institute Řež , Czech republic. 

This fatique crack represented  potential defect located in basic material just under austenitic 
clading of reactor pressure vessel after a long period of service and main task was to 
determine the direction of crack  propagation.  

The measurement was aimed at the monitoring of AE signals during loading the test 
specimens by bending in the test machine up to fracture. 

 

2. Description And Method of Measurement 

 Each specimen was provided with altogether 8 AE sensors, four on each side. Sensors 1 to 4 
were placed on the side oriented towards the measuring equipment, sensors 5 to 8 were placed 
on the opposite side of the specimens. The distribution of sensors on the specimen is apparent 
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form Figs. 2.1 and 2.2 below. Fig. 3 is a photo of the specimen with AE sensors and with the 
orientation of the coordinate system XY. The distribution of AE sensors enabled the location 
of AE signal sources.  

 

Fig. 2.1 – Distribution of AE sensors on the specimen 1E-2  

 

 

3. Measurement Instrumentation Used 

 The following instrumentation was used during the measurement: 

System ACES IDT 04 

• ·       20-channel AE measurement apparatus ACES IDT 04 
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• ·       8 pcs AE sensors, type PET04 

• ·       Control computer HP 9005, (1,8 GHz) 

• ·       Interconnection coaxial cables. 

 The analog signal from sensor with amplifier is led to the measurement apparatus channels 
where it is amplified again and digitised. An envelope analysis of the signal is performed. It 
means that the number of threshold crossings, the duration of emission event, signal 
amplitude and the rise time to the maximum amplitude are recorded. In addition, the sequence 
of arrivals of signals to the individual AE sensors is measured. 

 Taking into account the sequence of signal arrivals, the distribution of sensors and the 
velocity of signal propagation, the source of signal is located in linear location or area 
location mode. The parameters of signals processed in that way are stored in a PC/AT 
computer that controls the setting of the instrumentation and data acquisition via serial 
interface RS 232. 

 

4. Process of the Measurement  

 The AE measurement took place continuously, during the whole test, until the final fracture 
of the specimens. Taking into account the background noise, the threshold level for the 
detection of discrete AE signals was set to 33 dB. During calibration, the mean velocity of 
surface wave propagation was determined to be 2980 m/s. 

 

5. Evaluation of Measurement Results 

 Specimen 1E-2 

 Fig. 5.1 shows time course of overall emission activity (located emission events, hereafter 
“EE”) and loading force from the area of sensors 1, 2, 3 and 4.  

Process of emission activity can be split into three phases. In the first phase, a sharp rise of 
emission activity takes place, which can be attributed to plastic deformation. This sharp rise 
of EE, mostly with low or medium amplitude of the signal (below 50 dB) was detected at 
loading force below 70 kN. Emission events from both areas observed are in this loading 
phase located predominantly in the lower half of the specimen, i.e. in the direction of the 
support. In the area of artificial defect, emission activity is very low in this loading phase. The 
result of location and the values of internal parameters of the individual EE indicate that in 
this loading phase no emission events with emission parameters corresponding to stepwise 
propagation of the artificial defect were detected.  

In the second loading phase, after the depletion of plastic deformation, a drop in emission 
activity was observed – individual emission events were detected at longer time intervals. 
These events were located, as apparent from 3D graph of EE rate, over the whole surface of 
the observed area, without more pronounced emission activity in the area of the artificial 
defect.  At loading force 259.6 kN, however, a sudden jump of crack tip took place, during 
which emission events with a high amplitude (about 100 dB) were registered. The location 
algorithm grouped those hits into two emission events located in places with coordinates 
X=10 mm, Y=-35 mm (in the area of sensors 1, 2, 3 and 4) and X=-8 mm, Y=-31 mm (in the 
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area of sensors 5, 6, 7 and 8). This crack tip jump was accompanied by a drop of loading force 
to 110 kN and the experiment was interrupted for a short time. 

Subsequently, the third phase of loading took place – at loading force 132 kN another crack 
propagation up to a complete fracture of the specimen was observed. This propagation was 
accompanied by increased rate of EE with high amplitudes (80 to 100 dB). The highest rate of 
EE is located from the initial end of the artificial defect downwards, towards the lower edge 
of the specimen. In this direction, a high rate of EE with medium and high amplitudes (over 
50 dB) was located as well. Emission events with medium and high amplitudes located along 
the fracture surface were detected in the first phase and, above all, in the third phase of 
loading. On the other hand, after the depletion of plastic deformation only four EE with 
medium and high amplitudes were detected before the sudden jump of the crack tip took 
place.   

Location of those events is mostly in line of defect and is propagation direction. 

This emission rate is more oriented to the botom side of specimen – direction of crack 
propagation.  

Fig. 5-1 – Time course of loading force and overall emission activity – area of sensors 1, 
2, 3, 4 

 

6.  Conclusions 

 The results of acoustic emission measurement performed during fracture testing of specimens 
1E-2 and 1E-5 with artificial defects can be summarized as follows: 

 1.  The experiments confirmed that acoustic emission method is a suitable NDT method for 
the monitoring of deterioration of pressure vessel, piping or construction material. 

2.  The results from both specimens are analogical.  
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3.  In both specimens, a high rate of emission activity was observed at loading force below 70 
kN. This emission activity is connected with plastic deformation.  

4.  A sudden jump of crack tip that took place in both specimens at loading force 259.6 kN 
and 283.2 kN, respectively, was accompanied by the detection of AE signals with high 
amplitudes that could be detected by all AE sensors. 

5.    The measured emission parameters confirm that up to the maximum loading force at 
which a sudden jump of crack end takes place no emission events with AE parameters 
corresponding to the propagation of the crack from the place of initial artificial defect were 
detected and located.  

6.    During the loading of both specimens up to final fracture, increased rate of emission 
events with amplitudes between 80 dB and 100 dB was detected in the phase of crack 
propagation. 

7.  The results of location of emission events confirmed in both specimens that most emission 
events are located near the fracture surface, with higher rate of emission events located 
between artificial defect and lower edge of the specimen. 

Emission events detected during sudden jump of crack tip at maximum loading force were in 
both specimens located at a distance 28 to 35 mm from the lower edge of the specimen. 
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