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Abstract  
 

Check valve is one of the passive components used extensively in the critical safety systems of nuclear power 

plants (NPP). Check valve failures have resulted in an unintended reverse flow which leads to the over 

pressurization of the system and damage to the components. Hence timely detection of check valve leakage & 

component degradation as well as to identify the failure mode of the leakage & leakage size has become 

essential for the NPPs.  

 

Acoustic emission (AE) technique is one of the non-intrusive methods to detect the leakage through check valve 

at a relatively higher pressure. Acoustic sensors pick up the energy signal generated in the leakage location in 

check valves and can indicate about the leak in the valve. To develop AE technique for check valve diagnostics, 

an experimental facility has been designed & commissioned to characterize the size & amount of leakage in 

check valve for different pipe sizes. 

 

Initial experiments were conducted with 2-inch size stainless steel check valves & results indicate that with 

current experimental set up, leaky & non-leaky check valves can be distinguished based on AE-ASL value at 

minimum of 2 bar system pressure having a leak rate of as low as 85 mL/minute. It is also observed that with 

increase in system pressure or leak rate the AE ASL value increases due to higher turbulence in the leakage 

location. Presence of 90-130 kHz frequency components in all AE signals generated in downstream of leaky 

valve, confirms the same type of defect in the check valves however they differ in amplitude and absolute energy 

content value. Further the variation in ASL value from 43 dB to 92 dB has been observed in four swing check 

valves at 10 bar system pressure for the same type of leak but size varying from 0.1 mm to 1 mm. AE parameters 

such as energy content, FFT & peak frequency components were also analyzed to identify the leak types & sizes 

in check valve. 

 

This paper deals with the experimental study of acoustic signals generated by leakage, identification between 

leaky and non-leaky check valves. An attempt has been made to estimate the leak sizes in check valves from 

extracted AE parameters. 

 
Keywords: Check valve, Acoustic signal, Leak size, AE-ASL 

 

 

1.0 Introduction: 
 

Check valve is one of the typical passive components extensively used in the safety systems 

of nuclear power plant (NPP). Check valves, also known as non-return valves or one-way 

valves, are used to allow unidirectional flow (forward direction) in the piping system. By 

construction, these valves have two ports i.e. one port for process fluid entry and another for 

process fluid exit. They are used to prevent reverse flow in piping systems. Check valves 

mainly rely on the inlet fluid pressure to open or close the valve. Unlike other valves, they do 

not need electric power supply, manual handle or lever to operate. 
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The main purpose of a check valve is to prevent damage to equipment by means of stopping 

reverse flow. Failures of check valve have resulted in an unintended reverse flow through it 

which results in over-pressurization of low pressure systems, damage to the system 

components. Failures in check valve may itself compromise with the functionalities of critical 

safety systems in NPP. Hence situations can become catastrophic in certain cases during its 

operation if check valve failures cannot be detected on time.  

 

2.0 Check Valve and its components: 

 
Check valves have a very simple design and generally operate without the need for 

automation or human intervention. There are many types of check valves available such as 

swing type check valve, ball/piston lift type check valve. However swing check valves are 

widely used in the safety systems of nuclear power plants [1] and hence health monitoring of 

swing type check valves is focussed mainly in our present work. Swing check valves are 

generally small and simple in construction, although larger sizes are available. A typical 

swing check valve construction has been shown in Figure 1; 

 

 
 

Figure 1: Construction of typical swing check valve  

 

A swing check valve consists of a flapper or disc of the same diameter as the pipe bore, which 

hangs down in the flow path and rests in the valve seat. With flow in the forwards direction, 

the pressure of the fluid forces the disc to hinge upwards, allowing flow through the valve as 

shown in Figure 1 above. Reverse flow will cause the disc to shut against the seat and stop the 

fluid going back down the pipe. In the absence of flow, the self-weight of the flapper/disc is 

responsible for the closure of the valve.  

 

A leakage in check valve can cause damage to the flow systems in the line. From the 

investigation by several authorities/researchers it has been found that the failure of check 

valves occurred mainly due to the severe degradation of its internal parts i.e. hinge pins, disc 

wear & tear, disc nut pin loosening [2].  Few common failure modes associated with the 

check valve are; 

Hinge Pin 

Flapper/Disc 

Seat 

Flow inlet Flow Outlet

   



1. Check valve disc separation from the hinge pin 

2. Cracked disc 

3. Presence of foreign object into disc-seat surface 

4. Worn hinge pin 

5. Disc nut loosening  

Any of the above failure modes present in check valves will lead to un-intended leakage or 

non-closure during safe shutdown of the plant. Hence timely detection of check valve 

degradation and aging as well as finding out the check valve leak has become very important 

for the NPPs so that maintenance or replacement can be performed prior to any unwanted 

incident. Along with the timely detection of failure of check valves, information must be 

extracted to identify the failure mode of the leakage and the size of the leakage in the check 

valve. 

 

3.0 Non-Intrusive Acoustic Emission (AE) techniques for Check valve 

health diagnostics: 

 

Non Destructive Tests (NDT) are commonly used to detect the defects and cracks in 

mechanically loaded structures. Acoustic Emission techniques can provide comprehensive 

information on the origination of a discontinuity in a stressed component. Acoustic Emission 

methods are totally different from other NDT methods because AE methods employ acoustic 

sensors which are passive transducers, whereas the others, in a sense, are for the most part 

active.  Acoustic emission (AE) technique is one of the non-intrusive methods to detect the 

leakage through check valve at a relatively higher pressure. AE technique is becoming 

popular in present scenario as it allows the continuous monitoring and leakage testing of 

check valves without disassembling them from pipeline.  

 

Acoustic waves can be produced by various means in a structure i.e. due to leakage in valve, 

pipe, and crack opening in pipeline. These noise/acoustic signal generates in the leak location 

and travels through the structures/downstream pipeline and picked up by the acoustic sensors 

placed in the outer surface of the pipeline. Basic mechanism of generating AE signals in a 

leaky valve is due to the turbulence in the leak location resulting from the high pressure, high 

velocity of fluid flow. As per the experimental studies conducted the Acoustic Emission can 

be produced by the highly unstable turbulent pressure field generated at the orifice for the 

Reynolds number greater than 2000. The corresponding AE signals generated are of a 

“continuous” nature.  

The actual detection of the leakage depends on the flow rate/system pressure as this factor 

decides the energy contents of the leak signal. The AE signal from a leaky valve can be 

identified on the immediately downstream of the valve. This is due to the creation of 

turbulence when the fluid flows from the high pressure side, through the leakage area (disc & 

seat), to the low pressure side. In general, acoustic instruments with portable hand held 

monitors are readily available in the market to detect the leak in the pipe/valve. Though these 

hand held instruments can detect the leakage in the valve only but fail to quantify the amount 

of leakage as well as unable to predict its failure mode. Hence finding out the type of failure 

in check valve in operating NPP is also very important for a robust safety system. 

 

  



4.0 Literature review on health monitoring of check valves: 
 

Analysing the acoustic emission signals obtained from check valves can be used to monitor 

check valve disc position, movement, and mechanical condition, as well as internal 

flow/leakage through the valve. Leading global researchers in the field of acoustic emission 

(AE) technique are mainly emphasizing on the quantification of the leak rate as well as the 

type of failure mode in a check valve which introduces the leak. It has been found in earlier 

studies/experiments that the parameters of the generated AE signals due to the leakage in 

check valve differs from each other depending on the failure modes of the check valve i.e. 

disc separation from the hinge pin, disc being partially open, cracked disc etc. Each type of 

failure in the check valve generates the acoustics signal with certain variation in its 

parameters.  

 

Research by Min-rae Lee [2] was mainly focused on the capability of AE technique to provide 

diagnostic information for check valve aging, degradation & its failures. He performed 

experiments with swing check valves by simulating the disk and hinge pin wear failure to 

classify between the typical failure modes of check valve for nuclear power plants (NPPs).  

 

Seung-Hwan Seong et.al [3] has worked on finding out the type of leak as well as size of 

leakage in swing check valves using AE parameters such as AE Amplitude, AE rms, signal 

strength, Power spectrum & pressure signal. Neural network has been used in his work for 

detecting and differentiating between different leak sizes. 

 

Atia E. Khalifa [4] further went on to quantify the leakage rate through the check valve by 

using AE technique. In his work acoustic signals due to simulated leaks were measured and 

studied for designing a detection system. Results showed that leaks as small as 2 lpm can be 

detected using AE transducer. The ratio between pipe flow rate and leak flow rate seems to be 

more important than the absolute value of leak flow. Increasing this ratio resulted in 

diminishing and low frequency leak signals. Sensor location and directionality, with respect to 

the leak, are important in acquiring clean signal. 

 

5.0 Working of AE sensor for leak detection:   
 

AE sensors are generally piezoelectric (PZT) devices that transform elastic waves into 

electrical signals. AE sensors are passive transducers, which detect structural / air borne noise 

transmitted through structures or air. The sensors, typically cover a frequency range of 50 kHz 

to 1 MHz, are not sensitive to ambient airborne noises and hence AE techniques can become 

very effective in harsh operating environments, where high ambient background audible noise 

usually masks any audible noise caused by damaged or worn components. 

 

A leaky valve will generate noise as the process fluid leaks out through the crack opening part 

of the check valve. This noise is transmitted through the fluid and through the pipe and valve 

walls where it is picked up by the acoustic sensor. By filtering and processing the picked up 

acoustic signal, it is possible to tune out extraneous noise not associated with valve leakage. 

The resultant signal contains the AE signal generated due to valve leakage only and can be 

further analysed for check valve health monitoring.  

 

6.0 AE systems & its parameter: 

 Typical AE system comprises of several AE electronic modules listed below. 



 1. AE sensors 

 2. Preamplifiers 

 3. Filters 

 4. Data acquisition system 

 5. Data analysis software 

A proper AE sensor must be appropriately selected to receive the highest sensitivity. The 

suitable preamplifier level has to be set based on signal source level and the saturation limits 

of the AE system. In order to eliminate back ground noise, band-pass filters are normally 

used. Mostly these band pass filters are incorporated within the data acquisition system as 

both analog and digital filters. The sampled data points are then processed by signal 

conditioning units to extract different AE parameters which are displayed in the computer 

screen with dedicated AE software. 

 

Typical AE system block diagram has been shown in Figure 2 below: 

 

 
 

 

  

 AE Sensor 

 

 

Figure 2: Block diagram of typical acoustic emission system 
 

7.0 Frequency range of valve leakage signal & acoustic system: 
 

It  is  important  to  understand  the  expected frequency  range  of  valve  leakage  as  

compared  to  other events in the frequency spectrum. Literature survey indicates that leaks in 

the check valve produces the fruitful acoustic wave typically in the range of 60-500 KHz. 

Experiments conducted in the recent past have indicated that the a typical leaky swing check 

valve in general produces the peak around 150 kHz frequency [2][3]. Based on the above 

details, a wideband acoustic sensor with a frequency band of 60 kHz- 500 kHz was 

considered for carrying out the experiments. The details of the AE sensor have been given 

below; 

 

Type of sensor    : Wide band acoustic sensor. 

Operational frequency   : 60 KHz – 1000 KHz.  

Peak Sensitivity (dB Ref. 1V/ (m/s)) : 55 dB 

 

For continuous AE signal, the most frequently used AE parameters are Average Signal Level 

(ASL), RMS value of the energy (AE RMS), Absolute Energy content, Peak frequency 

component and its relative amplitude. 

 

ASL: 

Average signal level, ASL, is a measure of the continuously varying & averaged amplitude of 

the AE signal. ASL in an AE is quantified in dB and expressed as follow: 

    𝐴𝑆𝐿 (𝑖𝑛 𝑣𝑜𝑙𝑡) =
1𝑇� |𝑉(𝑡)𝑑𝑡𝑡0+𝑇𝑡0 | =  

1𝑁� |𝑉(𝑛)|

𝑁
𝑛=1   

   𝐴𝑆𝐿 (𝑖𝑛 𝑑𝐵) = 20 log
𝐴𝑆𝐿 (𝑖𝑛 𝑣𝑜𝑙𝑡)1 𝜇𝑉   

Pre-Amplifier 
  Data 

Acquisition 

System 

Signal 

Conditioning 

Circuit 

 

PC 

With 

Software 

 



AE RMS: 

It is the measure of continuously varying AE signal. It is expressed as follow; 

 𝐴𝐸 𝑟𝑚𝑠 (𝑖𝑛 𝑣𝑜𝑙𝑡) = �1𝑇 ∫ |𝑉2 (𝑡)|𝑑𝑡𝑡0+𝑇𝑡0    

 

Absolute Energy count: 

Absolute energy content is the true measure of the AE hit. Absolute energy is derived from 

the integral of the squared voltage signal divided by the total duration of AE waveform packet 

in time driven data set. 

 

Peak frequency: 

It is defined as the point in the FFT spectrum, at which the peak magnitude occurs.  

 

8.0 AE experimental set up for check valve health monitoring: 
 

To develop AE technique for check valve health monitoring applications, an experimental set 

up has been constructed and hooked up with existing Flow Test Facility (FTF) at BARC. It 

provides the platform to test and distinguish between ‘leaky’ & ‘non-leaky’ check valve and 

also for predicting the size of leakage using acoustic sensors & systems. Total 4 numbers of 2 

inch size, stainless steel (SS) material, swing check valves were tested in the experimental set 

up. Schematic diagram of the experimental facility has been shown in the Figure 3; 

 

Figure 3: Schematic diagram of AE experimental set up for check valve health monitoring 

at Flow Test Facility (FTF), Hall-7. 



Four (4) number of 2-inch size swing check valves (CHV-1 to CHV-4) of same manufacturer 

were selected to simulate same type of leakage with varying leak size. Leaky water was 

collected at the outlet of each line to measure the leak flow rate which was in the order of few 

mili-litres per minute (mlpm). 

 

Initially one check valve has been disassembled and leak path was created by welding a 

10×15×0.1 mm thin SS trip to the valve disc. This SS strip prevents the disc to close 

completely against its seat during the reverse flow condition. Thereby we have considered the 

presence of SS Strip to the check valve disc as the deposition/presence of unwanted solid 

particle which prevents the complete closure of check valve. Once manually leak is created, 

the ‘leaky’ check valve, CHV-1 and 3 other ’non-leaky’ valves (CHV-2 to CHV-4) were 

installed in reverse direction in the experimental set up parallel to each other as shown in 

Figure 4.  

 

Figure 4: Experimental set up installed in H-7 

  

As shown in Figure 4, all the check valves are isolated from the main high pressure system 

line via a 2-inch ball valve, MV-1. At the downstream of each check valve, 1-inch size ball 

valves (BV-1 to BV-4) are installed for operating individual line independently. Pressure 

transducers (PT-1) are connected at the upstream of the check valves for system pressure 

measurement & recording.  

 

Acoustic sensors (AS) were placed right at the downstream of each check valve with 

magnetic holder. The magnetic holder assures the firm placement of AE sensor in the pipe 

surface thereby reducing the effect of noise generation due to sensor movement. To take the 

advantage of the extreme sensitivity of AE sensors, it must be attached tightly to the valve 

body in such a manner that the acoustic energy loss at the transducer-material interface 

becomes minimal. The required mechanical contact is achieved by using thin films of grease 

Leaky check valve 

            CHV-1 

Main Valve  

     MV-1 

Isolation ball 

valve, BV-1 

CHV-2 

CHV-4 

CHV-3 

  BV-2 

  BV-3 

  BV-4 

  PG 
  PT 



adhesive/coupling between the transducer and the pipe. The installation of check valves in 

parallel lines & placement of acoustic sensors in the downstream of the valves are shown in 

the Figure 5. 

 

 

Figure 5: Wideband acoustic sensor along with Pre-amplifier  installed in downstream of check 

valve 

 

After the initial set of experiments, three ‘non leaky’ check valves i.e. CHV-2 to CHV-4, were 

disassembled to create same kind of leak/defect as created in CHV-1 manually but with 

varying size. This was done to study the AE signal characteristics generated due to various 

size of leakage in check valves. Same type of manual defect were created in all the check 

valves by spot welding a small SS strip of 10 X 15 mm size having thickness of 0.2 mm, 0.25 

mm & 1 mm respectively to the disc of the check valves as shown in the Table-1. 

 

  Table-1: Details of check valves used in the experimental facility. 

Tag no. of 

check valve 

Condition of 

check valve 

Type of leakage 

considered 

Size of leakage 

CHV-1 Leaky  Deposition/presence of 

unwanted solid particle 

SS strip of 10 X 15 X 0.1 mm size 

CHV-2 Leaky Do SS strip of 10 X 15 X 0.2 mm size 

CHV-3 Leaky Do SS strip of 10 X 15 X 0.25 mm size 

CHV-4 Leaky Do  SS strip of 10 X 15 X 1 mm size 

Magnetic holder 

Preamplifier 

AE Sensor 

BNC cable 



  

The same type of leakage was created earlier to the check valve having 0.1 mm thickness. The 

manual defect created in the check valve disc has been shown in Figure 6 & Figure 7.  

 

 
 

Figure 6: Check valve flapper  

with 10 X 15 X 0.2(t) mm sized SS strip 

 
 

Figure 7: Check valve flapper with 10 X 15 X 

0.25 (t) & 1 mm (t) sized SS strip respectively 

 

9.0 Results and discussion: 
 

9.1 Distinguishing between “leaky” & “non-leaky” check valve: 

 

Initially experiments were carried out to find out the difference between the leaky valve, 

CHV-1, (0.1 mm sized manually leaky check valve) and non-leaky valve, CHV-2/3/4, using 

AE technique. For this purpose, AE signals generated in the downstream of the check valves 

were captured and analysed. Both the upstream main valve (MV-1) & respective downstream 

ball valves (BV-1 to BV-4) were opened & the AE signal was generated in the downstream of 

each check valve which was picked up by the acoustic sensors. Further the signal is processed 

in the AE signal conditioning hardware system to measure the AE parameters. AE-ASL 

values and Energy content (measured area under the HIT driven AE signal) were used 

primarily to differentiate between the leaky valve & non-leaky valve. Efforts were made to 

differentiate between them for a pressure as low as at 2 bar(g).  

 

Initially with upstream main valve, MV-1 & all the ball valves (BV-1 to 4) in closed 

condition sensors were placed in the downstream of non-leaky check valve (CHV-2). The AE 

ASL value & absolute energy content has been recorded. AE ASL value and both energy 

content is recorded with 14-15 dB range & ZERO count respectively. With MV-1 & BV-2 

(line corresponding to non-leaky check valve CHV-2) opened, the AE ASL value and energy 

content still remains unaltered. Hence this 14 dB ASL value has been considered as the 

background noise in the line. For finding the effect of neighbouring instrument sound and 

vibration, nearby centrifugal pump was switched ON, only slight change in ASL value has 

been observed. After closing the MV-1 & BV-2, AE sensor was placed in the downstream of 

the leaky check valve, CHV-1. Again by opening main valve, MV-1 & corresponding ball 

valve, BV-1 in open condition, leak from the CHV-1 has been established and corresponding 

AE signal was picked up by the sensor and AE system 

 

The typical result obtained from the AE generated in the downstream of the two valves is 

shown in Figure 8: 

 

0.2 mm thick 

SS Strip 
Check valve 

disc 

0.25 mm thick SS Strip   

 

1 mm thick SS Strip   

 



 

Figure 8: AE ASL value in a ‘non-leaky’ (CHV-2) and ‘leaky’ check valve (CHV-1) 
 

It can be clearly observed from the results that with MV-1 & BV-1 opened, the ASL value at 

the downstream of the ‘leaky’’ check valve (CHV-1) increases instantly to 28 dB (almost 

constant value) at 5 bar pressure which is around 14 dB higher than ASL value produced in 

‘non-leaky’ check valve, CHV-2. Also the Energy content in the AE wave has been increased 

to 3000 value for leaky check valve. Both AE ASL value & energy content generated in leaky 

check valve was found to be very stable and repeatable. This 14 dB difference in ASL value 

& increase in energy content clearly indicates a leakage in the check valve. Hence by using 

the ASL values and energy content value, differentiation between the ‘leaky’ and ‘non-leaky’ 

check valve can be done. As soon as the isolating valve in the circuit is closed, the AE ASL 

returns back to the reference 14-15 dB ASL value.  

 

9.2 Minimum system pressure requirement for leak detection 

 

Further experiments were also conducted to find out the minimum system pressure / leakage 

rate requirement in the existing set up that can be detected using the existing AE hardware 

available. With the leaky valve (CHV-1) in line, the system pressure is varied from 2 bar to 12 

bar pressure.  System pressure in the experimental set up was controlled manually ranging 

from 2-10 bar pressure.  In this case AE ASL value was only analysed to find out the effect of 

system pressure/leak rate in the acoustics signal generation. The AE ASL (dB) value at 

different system pressure has been recorded in AE system shown in Figure 9. Leak rate 

through the leaky check valve was measured at the downstream by collecting water in 

specified time interval. 

 

 

MV-1   : Opened 

BV-2   : Opened 

Sensor location : CHV-2  

System pressure : 5 bar 

AE ASL  : 14 dB 

 

MV-1   : Opened 

BV-1   : Opened 

Sensor location : CHV-1  

System pressure : 5 bar 

AE ASL  : 28 dB 

ASL  

Time in seconds 

200 sec 

With background PUMP 

switched ON, AE ASL value 

remains almost constant at 14 dB.

   



 

Figure 9: AE ASL value variation in a ‘leaky’ check valve, CHV-1(graphic display from 

integrated AE software) 
 

It is clearly seen from the Figure 9 that with decrease in pressure, the ASL value decreases 

almost linearly from 43 dB at 10 bar pressure to 23 dB at 2 bar pressure. At system pressure 

of 2 bar the difference between the background noise (14 dB) & leaky valve generated ASL 

value (23 dB) is of 9 dB whereas at 1 bar system pressure the difference is as low as 3-4 dB 

only. Therefore it is concluded that the minimum 2 bar system pressure is required to 

differentiate between leaky & non-leaky valves at this setup. The flow rate at minimum leak 

pressure is found to be 85 mlpm which present AE hardwire can detect.  

 
Increase in AE ASL value at higher system pressure or higher leak rate through the check 

valve is due to the increase in turbulence at the leak position. Series of experiments have been 

planned to quantify the leak rate based on AE parameters irrespective of the valve size, line 

pressure and other parameters. 

9.3 Identification of different leak sizes: 
 

After successfully differentiating between the leaky and non-leaky check valves, attempt was 

made to find out the size of failure in the check valve. The size of leakage was predicted in 

the recent past by some notable researchers based on the AE parameters [2,3] such as ASL 

value, absolute energy content, RMS value, peak frequency component, its energy content 

and etc. for performing these experiments, all the 4 check valves (CHV-1 to CHV-4) were 

disassembled and same type of manual defect was created in the valves as discussed earlier 

and then re-installed in the set up. All the tests were carried out at constant 10 bar pressure. 

 

Results of the 4 check valves have been summarized in Table-2: 

 

ASL in dB 

Time in seconds   



 Table-2: AE parameter variation with different leak sizes for Chv-1 to CHV-4 

Pressure 

 

 

Manually 

created 

Defect size 

Average 

Signal 

level (ASL) 

in dB 

Root Mean 

Square 

(RMS)  

Volts 

Absolute 

Energy in 

counts  

Fast Fourier Transform 

(FFT) 

Peak frequency 

in kHz 

Energy  

counts 

 

 

 

 

 

 

10 bar 
 

CHV-1: 

0.10 mm 

 

43 

 

0.04 

 

4000-4500 
90-130 8000 

170-220 7000 

300 5000 

CHV-2: 

0.2 mm 

 

54 

 

0.052 

 

8000-11000 
90-130 10000 

230-250 8000 

290-310 7000 

CHV-3: 

0.25 mm 
60 0.075 

 

15000-17000 
90-130 12500 

170-200 0 

245 10000 

295 10000 

 

CHV-4: 

1.00 mm 

 

92 

 

3 

 

65000 

90-130 65000 

240-300 100 

410 0 

550 0 

 

• From the above table, it can be clearly seen that with the increase in leak size, the ASL 

value increases from 43 dB to 92 dB for a range of 0.1 mm to 1 mm size leak.  

• The same is applicable to total energy content. With increase in leak size the AE 

absolute energy count value increases from 4000 to 65000 for a range of 0.1 mm to 1 

mm size leak. However during the experiment the energy content for each leak size 

was not constant and found to be within a range as shown in Table-2. 

• The root mean square value also keeps on increasing from 0.04 volt to 3 volt for valve 

leak size range of 0.1 mm to 1 mm.  

• Almost all the AE signals produced by leaky check valves i.e. CHV-1 to CHV-4, have 

generated a peak around 90-130 kHz frequency band with varying energy content. In 

case of CHV-1 (0.1 mm leak), CHV-2 (0.2 mm leak) & CHV-3 (0.25 mm leak), the 

peak frequency at 90-130 kHz has energy content around 8000, 10000 & 12500 

respectively whereas CHV-4 (1 mm leak) produces peak frequency at same 90-130 

kHz with relatively higher energy count of 65000. 

• The next peak frequency observed for CHV-1 (0.1 mm leak) was at around 170-220 

kHz frequency range with around 66 dB amplitude and energy content of 7000. 

However for the CHV-2 the same has been observed at 230-250 kHz frequency with 

8000 energy count. In case of CHV-3 peak frequency was observed at 170-220 kHz 

with ZERO energy content. For CHV-4 (1 mm size leak) the peak around 240-300 

kHz was observed with almost ZERO energy content. 

• A third peak around 300 kHz was observed for CHV-1, 2 & 3 (0.1, 0.2 &0.25 mm size 

leak) with amplitude of 50 dB and 66 dB respectively with 5000, 7000 & 1000 energy 

counts respectively. However CHV-4 (0.1 mm size leak) produces AE signal doesn’t 

contain any energy at 300 kHz peak. 

• A high frequency peak at 550 kHz was observed for CHV-4 (1 mm size leak) only, 

having amplitude of 55 dB but with ZERO energy content. 



• During the FFT analysis of the AE signals, it is found that during leakage in all the 

check valves, peak frequency component of 29 kHz frequency was always present 

with higher amplitude. This 29 kHz signal might have generated mainly due to the low 

frequency ambient noise. However by using band pass filter in the range of 50-500 

kHz range, these low and high frequency noises can be eliminated.  

 

Typical AE parameters such AE ASL, amplitude, energy content, FFT spectrum captured in 

leaky swing check valves during the experiments are shown in Figure 10, 11 & 12;   

 

 
 
Figure 10: AE ASL (red) & Absolute Energy Content (green) against time in CHV-2 (0.2 mm leak) 

 

Figure 10 shows the AE ASL value & Absolute energy content value variation against each 

elapsed time for CHV-2. The background noise ASL level has been observed constant in each 

experiment at around 14-15 dB.  

 

Figure 11: Amplitude: (red) &Peak frequency (green) against time in CHV-2 (0.2 mm leak) 

Time (sec)  

Time (sec)  



Figure 11 shows the AE amplitude variation with respect to time along with the dominant 

frequency component present in the AE signal. The red mark in the graph represents AE 

amplitude value whereas green marks represent the peak frequency components with each 

elapsed time. 

 

As shown in Figure 11, it is observed that AE generated in the leaky valve, CHV-2, mainly 

consists of frequency component around 90-120 kHz range along with few peaks present 

around 190 kHz, 250 kHz & 290 kHz frequency too. Peak frequency range below 50 kHz was 

considered as low frequency noise hence not included as characteristics of leaky check valve.  

 

Figure 12 shows the typical FFT of the AE wave generated in CHV-1 (0.1 mm leak) 

downstream as well as the peak frequency component with amplitude value and the energy 

content of the signal at each elapsed time. 

 

 

 

Figure 12: FFT signal of generated AE signal, peak frequency component with amplitude, 

& Energy content in the AE signal at different time for CHV-1(0.1 mm leak . 

 

10.0   Conclusion: 
 

During these preliminary experiments it is found that non-leaky check valve produces an AE 

signal of 14dB ASL value whereas leaky check valve produce more than 28 dB signal at 2 bar 

pressure having a leak rate of 85 mL/minute (mlpm) only. The results are clearly indicating 

that both the leaky and non-leaky valves can be distinguished based on the AE ASL values 

only. It is also observed that with decrease in pressure/leak rate the AE ASL value keeps on 

decreasing.  
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Presence of 90-130 kHz frequency components in all AE signals generated in downstream of 

leaky valve, confirms the same type of defect in the check valves however they differ in 

amplitude and absolute energy content value. The peak frequency of same order has been 

observed by the other researchers during the experiments. Further the change in ASL value 

from 43 dB to 92 dB has been observed for the leak size range of 0.1 mm to 1 mm at 10 bar 

system pressure. For further understanding, parameters such as energy content, peak 

frequency components were analysed to find out the size of failure. 

 

In the last few decades, Artificial Neural Network (ANN) is being extensively used to analyse 

the pattern of the AE signals generated due to individual type of failure. ANN has been 

proved to be very strong tool for post processing of the data’s generated from the acoustic 

sensors. Some of the recent works in check valve health diagnostics using AE technique 

combined with ANN tools have shown excellent results to understand and detect the type of 

failure in the check valves. Hence this AE technique along with the ANN tool has the 

potential to predict the timely detection of valve leakage, leakage rate, failure mode & size of 

failure in check valve which will help us to plan the predictive maintenance in a better way. 

Series of experiments have been planned which will provide us large database for different 

types & sizes of check valves, preferably from different manufacturers. These valves will be 

used to create different types of failures having different leak sizes too. As a futuristic scope 

of this research work, experiments are in progress to evolve large database which will be 

analysed using ANN to help us in model building & better predication of check valve health 

diagnostics for operating NPP's.   
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