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Introduction

• This study tried effectively to apply real-time diagnostics to detect any

malfunctions in automatic production lines and in the transport field,

and looking for new ways to inspect and predict any defects.

• Non-destructive testing (NDT)

• Acoustic emission

• Pneumatic cylinders

• The reason of testing the pneumatic cylinder by AE condition monitoring
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State of the art

• Parameters of acoustic emission

• Apparatus of acoustic emission

• Leakage and RMS of acoustic emission : 

many researcher studied the relation between RMS and leak as :

Bezn and Joon-Hyun Lee et al W. (2005) 

Kaewwaewnoi, A. Prateepasen and A. Kaewtrakulpong (2007)

Relationship between AE and leakage

Relationship between AErms and leakage rates of 1inch ball valve 

at different pressures and leakage rates of different valve sizes at 

P = 5 bar W.
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State of the art

• Identification and location of leakage

ASL vs. channel (top) and linear location indicating the leak 

point based on number of hits, energy and counts (bottom) of 

the acquired signals 2009. 

• Several researchers has studied the AE since

1980s as:

• Kupperman et al (1985).

• Anastasopoulos, D. Kourousis and K. Bollas (2009)

• Z. Farova, Z. Prevorovsky , V. Kus, Serge Dos

Santos (2011)

• Shama,A.; El-Shaib,M.; Sharara,A.; Nasser,D.Y

(2017).
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State of the art

Power spectrum densities of the HFV high frequency voltage at 

various measurement points: a) new pneumatic cylinder; b) worn 

pneumatic cylinder.

Augutis and Saunoris 2004 studied pneumatic cylinders.
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Analysis and evaluation of Previous studies 

• Testing methods of leaks is rarely used to test the leak in cylinders [10 -12] .

• They tried to apply AE to detect leak and reduce the noises and to find the relation

between the AE parameters and leak. All experiments had tried the frequency spectrum

in the first [13 - 31].

• All results have shown that the AE technique can work well in the field of valves [32].

• Typical AE is able to determine the location of defect in all last researches [33 - 50].

• When the leak rate increases the amplitude of AE increases [51].

• The change of load does not affect much at the piston velocity [52,53].
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Objectives of the research

The aim of this work is to develop a new efficient diagnostic procedure for checking the function of 

pneumatic cylinders using acoustic emission in cooperation with the producer. 

This diagnostic procedure is able to detect distinctive differences that determine whether the 

cylinder is damaged or undamaged.

Determination of the relationship between parameters of AE and defects in the cylinders.

Determination of the diagnostic criteria that evaluate the pneumatic cylinder and detect the defects.

New software and methodology depends on our results.
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Experiment 
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Result and Discussion 

The results were divided to four main stages

• Frequency spectrum

• The behavior of cylinder movement and RMS 

• The basic criteria 

• The load on the cylinders
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Result and Discussion 

Sample determination bandwidth max. Amplitude at cylinders undamaged PS

Frequency spectrum  

the frequency depends on the sensor characteristic

Unit of amplitude  of 

spectrum V^2/Hz
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Result and Discussion 

Rate changes caused by that damage coefficient and defection

(DAE).
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Result and Discussion 

Undamaged cylinder without damping Undamaged cylinder with damping.

Damaged cylinder without damping. Damaged cylinder with damping Mechanical defects 

Leaks above the piston in the retreat stroke 

Leaks below the piston in progress stroke 

Comparing between damaged and damaged cylinders 

The behavior of cylinder movement and RMS 
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Assembly of experimental equipment

Result and Discussion 
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Result and Discussion 

(1) the valve is opened by the digital input to let the air pass through the port, (2) the impact of the 

air at the cushion piston, (3) the initiation of movement, (4) the initiation of the damping phase 

21.7mm before the TDC, (5) when the cushion piston impacts the cushion cap, and stops, (6) the 

end of venting air and relaxing and the end of the stroke.

s
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Result and Discussion 

Four types of defects were chosen according to DAE
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Result and Discussion 

Comparing between damaged and undamaged cylinders, NP07 

according to the RMS values derived from the sensor A

Comparing between damaged and undamaged cylinders, NP07 

according to the RMS values derived from the sensor B

sensor A sensor B

The first criterion is comparing between damaged and undamaged 

cylinders according to the delay in the signal 

The basic criteria 
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Result and Discussion 

RMS dependency on time for undamaged 

cylinder with damping

RMS dependency on time for damaged 

cylinder with damping

The second criterion is  comparing between damaged and undamaged cylinders according to 

the ratio of max RMS signal between sensor A and sensor B in the retreat stroke 

The basic criteria 
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Result and Discussion 

Comparing between damaged and undamaged cylinders 

according to the ratio of RMS values

range of uncertainty

The basic criteria 
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Result and Discussion 

𝐸 =  𝑈𝑟𝑒𝑡𝑟𝑒𝑎𝑡  B 𝑖 2 ∗ dT −   𝑈𝑟𝑒𝑡𝑟𝑒𝑎𝑡  𝐴 𝑖 2 ∗ dT   [𝑉2 ∗ 𝑠 ∗ 𝑜ℎ𝑚]  

Comparing between damaged and undamaged cylinders 

according to the energy values

The basic criteria 

range of uncertainty
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Result and Discussion 

RMS =   𝑈 𝑖 2 /𝑁  

Comparing between damaged and undamaged cylinders NP08, 

PP03, NP07 according to the RMS values 

The basic criteria 

range of uncertainty
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Result and Discussion 

Assembly of experimental equipment

b) Loading above the rod of cylinder
a) Loading below the rod of cylinder

The load on the cylinders
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Result and Discussion 

Load of 1 kg was applied Load 21 kg was applied

below the undamaged cylinder

Progress strokeRetreat stroke

Load is below piston

The load on the cylinders
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Result and Discussion 

Load 1 kg was applied Load 21 kg was applied

above the undamaged cylinder 

Progress stroke Retreat stroke

Load is above piston

The load on the cylinders
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Result and Discussion 

Load 1 kg was applied above the damaged cylinder Load 21 Kg was applied above the damaged cylinder

Load 1 kg was applied above the undamaged cylinder Load 21 Kg was applied above the undamaged cylinder

Compare between damaged and undamaged cylinders with load and without load 

The load on the cylinders
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Result and Discussion 

Relationship between RMS and loading on undamaged cylinder 

during one cycle.

Relationship between RMS and loading during one cycle of the 

damaged cylinder.

Compare between damaged and undamaged cylinders with load and without load 

The load on the cylinders
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Conclusion

There are four criteria to evaluate the cylinder respectively:

 Delay in the stroke

 When the ratio of RMS is bigger than 3 the cylinder is damaged if the ratio is smaller than 1.7 the

cylinder is undamaged.

 At signal energy 𝐸𝐵−𝐴 > 0. 27x10−7 V2 *s*Ohm the cylinder is damaged, and at 𝐸𝐵−𝐴 < 0.2x10−7

V2 *s*Ohm it is undamaged.

 At  𝑅𝑀𝑆 > 0.18 mV the cylinder is damaged, and at  𝑅𝑀𝑆 < 0.14 mV it is undamaged.

 The relationship between RMS and Loads is approximate linear.

 When there is intersection between RMS vs load curves the cylinder is damaged.
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