
Experiment Set Up

(a)                                                                              (b)   

Fig 3: Leakage Set (a) Picture, (b) Line Drawing - Cross Sectional View

Leakage Test Stand:

 Seal is created when the O-ring is under compression

 High pressure air is supplied to purposely generate leakage

 Flow meter together with the pressure gauge measures the leakage

 AE sensor monitors the corresponding AE signals

Quantities Measured:

 p – Working fluid pressure   

 Q – Leakage rate

 d – AE sensor distance to the leakage source

 F – O-ring counterface force
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Background
What is an O-ring?
O-ring are common machine components that are used for sealing high 

pressure fluids. O-rings are torus-shaped and often made of elastomeric 

materials. 

Fig 1: O-rings

An O-ring is able to seal the working fluid under compression. In use 

the O-ring is compressed by applying a displacement Δx, and contact 

pressure P0 is generated. The working fluid at pressure Pf is contained 

and sealed inside the system.

Fig 2: O-ring Under Compression (Cross sectional View)

What happened when the O-ring fail to function?
When an O-ring fails, the working fluid in the sealed system leaks into 

the environment. Also, the fluid power system effectiveness decreases 

since working fluid pressure is decreased. In some cases, such leakage 

can be catastrophic because the leaking fluid can be high pressure, high 

temperature, corrosive or flammable. Thus it is crucial to monitor the 

state of in use O-rings by monitoring potential leakage.

Why Measure working fluid leakage?
For seals in use leakage measurements can be used to indicate the 

operating state of the fluid power system and the need for system 

maintenance. In seal development, leakage measurements are necessary 

to evaluate the effects of design parameters, such as materials properties 

and working conditions, such as operating temperature, on seal 

performance.

What is Acoustic Emission (AE)?
Acoustic Emission is described as “the class of phenomena where 

transient elastic waves are generated by the rapid release of energy from 

localized sources within a material, or the transient elastic waves so 

generated”.

How does AE related to leakage?
Researches have shown that AE signal is detected when fluid leakage 

occurs because kinematic energy of the leaking fluid is transformed into 

elastic waves at the fluid-solid interface. 

Scope
 Quantify the relationship between the leakage rate and the AE signals

 Specify the physical meanings of frequency spectrums and RMS values of measured AE signals

 Locate the leakage source by measuring AE signals

Results

Discussion and Conclusion

This research shows that AE signals can be detected for leakage events. The 

signals RMS value increases proportionally with the leakage rate. There is a 

minimum detectable leakage rate. The frequency spectrum seems useful but it is 

difficult to attach a physical explanation to its multi-peak characteristics. The 

one-dimensional model shows the Signal RMS attenuates with the increasing 

distance from the source. The higher the flow rate, the larger the drop in RMS 

values.

Future work should involve exploring the minimum detectable leakage rate, 

developing models to explain the physical meaning of frequency distributions 

and setting up various scenarios to validate the usefulness of RMS analysis.

Preliminary Testing

 The upper plot shows AE signal 

from the sensor monitor on air flow. 

0.5 V signal is significantly above 

noise level;

 The frequency spectrum shows a 

continuous distribution over the 

entire range with a peak 

concentration between 40 kHz and 

60 kHz;

 Such results showed the usefulness 

of AE signals.

Fig 4: Time Plot and Frequency Spectrum of AE 

Preliminary Testing
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Fig 5: RMS Plot of Leakage Testing

Fig 6: Frequency Spectrum of Leakage Testing

Leakage Testing

 The RMS value increase with leakage 

rate Q; 

 The minimum detectable leakage rate, 

implied by the trend lines, is around 

7.08 L/min (15 SCFH);

 The frequency distribution follows the 

same shape at different leakage rate;

 The amplitudes of major peak 

frequencies increase proportionally 

over the entire frequency spectrum.
Characteristics of AE Signal 

Fig 7: Three day Testing

Plots of maximum peak show that 

both the frequency and magnitude of 

the highest peak remain constant;

 The O-ring compressive force for 

fixed compressive displacement 

(sealing force) decrease slightly;

This results show that the frequency 

distribution is insensitive to small 

change in sealing force.  
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Fig 8: RMS vs. Distance

One Dimensional Model 

to Locate Leakage Source  RMS recorded at four different 

locations along one direction

 Flow rate increases from 1 to 5;

 RMS increases with growing 

flow rate

 RMS value decreases as the 

distance between leakage site 

and sensor increases. The higher 

the flow rate, the higher the drop 

in RMS


