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Abstract: This paper proposes the parameters that are used by acoustic emission to define 

damaged and undamaged cylinders. The main aim of the paper is to supplement the already 

approved methodology for damage identification of pneumatic cylinders by other type of 

cylinders. Pneumatic cylinders can be diagnosed using acoustic emission method due to a 

different response to different types of artificially created defects. Acoustic emission sensors 

are very sensitive to any change in the measurement configuration. Therefore, it is important to 

find appropriate acoustic emission signal parameters that are least affected by the above effects. 

The most frequently evaluated signal parameters are root mean square (RMS) of acoustic 

emission signal over time. Due to the high sensitivity of acoustic emission method, it is possible 

to describe the differences in responses of intact cylinder and cylinders with artificially created 

defect. Similarly, signal development can be monitored with increasing number of monitored 

cylinder cycles. These observations confirm that acoustic emission method can be used to 

identify damage on pneumatic cylinder. 
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1. Introduction 
Acoustic emission (AE) is one of the non-destructive testing methods (NDT). when 

microstructural changes occur in a material the energy was released, and the elastic stress waves 

were generated to the AE sensors located on the surface of the component. By using multiple 

sensors, the AE source can be in the material. for example, cracks in the material or leakage. 

Each source emits waves with characteristic parameters, including AE amplitude, time, and 

frequency spectrum. This makes it possible to distinguish individual sources [1]. Pneumatic 

actuators are part of many industrial and transport facilities. They work on the principle of 

converting the compressed air energy into the kinetic energy of the piston. The workings of 

pneumatic actuator can be realized either as a linear motion, or a rotary motion [2].  

One of the ways to estimate the life of pneumatic drives is statistical methods. These are based 

on tracking the number of cycles to failure on a sufficient number of samples. Zhang and 

Jungong found that the lifetime of pneumatic actuator corresponds to the Weibull distribution 

and determined its parameters for the particular test actuators [3]. Wang tested another type of 

actuators and compared Weibul's distribution with a statistical method called the Kernel density 

estimation (KDE), which proved to have the required 0.6 reliability more conservative [4]. 

Methods based on tracking the number of cycles to failure are lengthy and expensive because 

only one value can be obtained when each actuator is destroyed. For these reasons, it is more 

appropriate to monitor the gradual degradation of the actuator to obtain more measured values 

from one sample. Chen proposed for this purpose to measure the minimum operating pressure 

(MOT), which is still sufficient for several cycles to bring the piston into motion [5]. Chang 

continued in his work. With the increasing number of pneumatic drive cycles, the seal between 

the piston and the inner surface of the drive body is worn. It gradually loses its function and 

there is leak and increased friction. Therefore, the MOT putting the piston in motion must be 

larger to compensate for these losses. The dependence of MOT on the number of actuator cycles 

is approximately linear [6]. 

Another way to accelerate the lifetime testing of pneumatic actuators is accelerated life tests. 

These consist of performing tests under unfavourable conditions in which defects occur earlier. 
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Then, the dependency of the lifetime on the individual conditions can be determined and its 

value estimated for normal conditions, which would take longer testing. Such testing was dealt 

with by Chen, which examined the life of the actuators in relation to the temperature and 

pressure, the stroke frequency (cycle time) and the speed of the piston movement. He found 

that the temperature of the medium has the greatest impact on the life of the actuator, with its 

increasing lifetime significantly decreasing. It also decreases with increasing media pressure 

and piston movement speed, but not so much. The changing stroke frequency does not affect 

the service life of the actuator [7]. 

Zhang [8] dealt with the detection of leakages in pneumatic actuators by comparing measured 

data from flowmeters to damaged and undamaged actuators. For damaged actuators, 

compressed air consumption is greater than that of undamaged. Surprisingly, however, it is the 

opposite (green curve in negative flow values), which does not correspond to reality. This 

phenomenon is due to the incomplete synchronization of both curves. In leakage actuators, the 

pressure under the piston decreases and thus also the force acting on the piston that moves it. 

As a result, the acceleration value and the piston speed are also lower, and the cycle time is also 

increased. Correct data synchronization can remove this phenomenon. 

Also, Nakutis dealt with the possibilities of on-line monitoring of pneumatic actuator status by 

measuring airflow [9]. 

For a continuous AE signal, the most frequently used AE parameters are the average energy 

(AErms) can be defined as  
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Here, v is the voltage signal from an AE sensor, t the initial time, T the integration time of the 

signal, and N the number of discrete AE data within the interval T.   Thus, in this article we are 

attempting to highlight the parameter RMS [10].  

 

2. The experiment  
The experiment was conducted in a specialized laboratory at Brno University of Technology. 

The experiment platform contains testing devices and some equipment including damaged and 

undamaged cylinders PB types, AE sensors which are installed on different positions of the 

cylinder, air pressure supply, pneumatic control system, the linear potentiometer and the AE 

monitoring system by analyser DAKEL – Zedo as shown in figure 1.  

 
Figure 1. Scheme of the measuring chain 



2.1  Parts of pneumatic cylinder  
The process of the understanding of defects requires detailed knowledge of the different parts 

of the cylinder. The main parts are shown in figure 2. 

 

 
Figure 2. Parts of pneumatic cylinder 

 

(1) Piston rod. (2) Cylinder body (barrel). (3) Head cap. (4) Rear cap. (5) Piston fastener (Tie 

Rods). (6) O- ring seal piston fastener. (7) Porting. (1) Rod Bearing. (12) Rod wiper (Wiper 

Seal). (8) Piston seal lip-seal. (8) Piston seal bumper seal. (9) Magnetic ring. (10) Head and rear 

Piston.  

 

2.2  Different types of artificial defects 
All defects are undesirable. The defects here were simulated and made artificially: leakage, 

leaks in motion, galling and mechanical defects.  

Leakage can be caused by the deterioration or loss of sealing function, damage of the seals 

surfaces within the components, or further damage across any part of cylinder. The possible 

locations of leakage are given by the construction of cylinders [11]. 

 

 

  



2.2.1 Leakage 

 
Table 1. Classification of defects NP during retreat stroke [11] 

N Parts location of leak Causes 

NP01 
Rod wiper seal in 

the head cap 
Around the rod 

Damaged seal 

Damaged surface of the rod 

NP 02 
Rod wiper seal in 

the head cap 

The cover of the 

undercut 

(head cap) 

Damaged seal 

Damaged surface in the undercut 

NP 03 Head Over Rod bearing Porosity casting / moulding 

NP 04 
Sealing the barrel 

in the head cap 
Around the barrel 

Damaged seal 

Damaged surface of the barrel 

NP 04b 
Sealing the barrel 

on the head cap 

The cover of the 

undercut 

(head) 

Damaged seal 

Damaged surface in undercut 

NP 05 

Sealing the front 

Piston seal 

bumper seal 

Around the Piston seal 

Damaged seal 

Damaged surface of the tube 

NP 06 

Sealing the front 

Piston seal lib 

seal 

Around the Piston seal 

Damaged seal 

Damaged surface of the piston 

NP 07 

O ring -Sealing 

the front and rear 

piston 

 

Between the front and 

rear parts of piston 

Damaged seal 

Damaged the front surface of the 

piston 

NP 08 

O ring -Sealing 

the front of the 

piston on the 

piston rod 

Around the rod 

Damaged seal 

Damaged surface of the rod 

Released piston - insufficient 

pressure 

NP 09 Seal porting 
Between porting and 

head 

Damaged seal 

Damaged surface of the head 

 

            

Figure 3. Leaks above the piston during retreat stroke [11] 



Table 2. Classification of defects PP during progress stroke [11] 

N Part Site of leak Cause 

PP01 

Sealing the 

rear piston in 

the barrel 

Around the 

barrel 

Damaged seal 

Damaged surface of the barrel 

PP 02 

Sealing the 

rear piston in 

the barrel 

Around the 

piston 

Damaged seal 

Damaged surface of the piston 

PP 03 

Sealing the 

rear piston on 

the piston rod 

Around the 

rod 

Damaged seal 

Damaged surface of the rod 

Released piston - insufficient pressure 

PP 04 

Sealing the 

front and rear 

piston O- 

ring seal 

piston 

fastener 

Between the 

front and rear 

parts of 

piston 

Damaged seal 

Damaged surface of the rear piston 

Released piston - insufficient pressure 

seal 

PP 05a 

Sealing the 

tube in the 

rear cap 

Around the 

barrel 

Damaged seal 

Damaged surface of the barrel 

PP 05b 

Sealing the 

barrel in the 

rear cap 

The cover of 

the undercut 

(head) 

Damaged seal 

Damaged surface in the undercut 

PP 06 The rear cap 
During the 

head 
Porosity casting / moulding 

PP 07 Seal porting 

Between 

screw  and 

cap 

Damaged seal 

Damaged surface of the rear cap 

 

 

 
Figure 4. Leaks below the piston during progress stroke [11] 

 

  



2.2.2 Mechanical defects 
A lot of mechanical defects can include damage of parts from an external force, the loss of 

thread connection with parts and high cycle fatigue damage.  

Table 3. Defects M [11].  

N Galling of parts in contact 

01 Damage to the head cap 

03 Loosening the screws of the head cap 

04 Deflection rod 

05 Loosening the screws of the rear cap 

06 Damage to the rear cap 

 

 
Figure 5. Mechanical desfects [11] 

 

 

3. Results and discussion 
Figure 6 shows the AE signal during 4 cycles of an undamaged PB cylinder (cylinder 13). The 

signal amplitude of sensor A is higher than B on progress stroke. The signal amplitude of sensor 

B is higher than A on retreat stroke. This signal is repeated over the next 4 operating cycles, 

which shows good repeatability of the results in one measurement. The only difference is the 

significantly higher signal amplitude before the piston rod is first put into motion, so the first 

cycle has never been used for the evaluation. One-cylinder cycle takes 0.4 s. 

 

  



 

Figure 6. Run of RMS parameter and piston position during 4 cycles of undamaged PB cylinder 

 

3.1  Effect of sensor positioning 
 

In the next phase, it was necessary to find a suitable position for placing the sensors on the test 

cylinder. Therefore, a series of experiments with different sensor positions were performed. 

The sensors were positioned on the cylinder according to Figure 6. The front and rear front 

faces have been excluded from the selection as they serve in most cases to attach the cylinder 

to the surrounding parts. 

 

 
Figure 7. Location of the sensors on the cylinder 
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Figure 8. Effect of sensor positioning on signal form 

 

3.2  Influence of piston movement speed 
The effect of the piston movement velocity on the signal form was investigated. The maximum 

speed of 340 mm/s was reached with the throttle fully open. Both throttle valves were always 

set to the same control value during the experiment. From the results in Figure 9 we can see a 

significant effect of the piston movement velocity on the amplitude of the signal. As the signal 

velocity increases, the signal velocity increases. At the lowest speeds up to 100 mm/s. The 

results listed here were recorded on channel A, but the same trend was found on channel B. 

These measurements were carried out on an undamaged cylinder No. 16. 

 

 
Figure 9. Effect of piston movement velocity on the shape of the AE signal 

 

Figure 10 shows the relationship between RMS and velocity. With increasing speed, this value 

is generally exponentially increasing, but several values at the highest speeds do not match this 
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trend. The difference in values for 50 mm/s can be up to 50 times. Further experiments were 

performed at 150 mm/s and 350 mm/s, since at this velocity it is possible to distinctly 

distinguish the phase of extension and insertion from endurance at the top or bottom dead 

centre. 

 

 
Figure 10. Effect of piston movement velocity on the average value of RMS when sliding and 

inserting 

 

3.3  Influence of air pressure 
The influence of air pressure on the AE signal has also been documented. From the results in 

Figure 11, it is evident that with the increasing air pressure the signal amplitude also increases, 

but far less significantly than with the piston movement speed. At the lowest pressures (2-3 

bars), the cycle length is also slightly prolonged. The results listed here were recorded on 

channel A, but the same trend was found on channel B. These measurements were carried out 

on an undamaged cylinder No. 16. 

 

 
Figure 11. Influence of air pressure on the form of AE signal 
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Figure 12 shows the relationship between RMS and the air pressure. As the pressure increases, 

this value increases linearly. The difference in values for pressures of 2 to 7 bars is on average 

2 times. Further experiments were conducted at an air pressure of 6 bar as this pressure is the 

most commonly used in the world to drive pneumatic elements while being large enough to 

highlight the air leakage signal that occurs in some artificially created defects. 
 

 
Figure 12. Effect of air pressure on the average value of RMS when sliding and pushing 

 

3.4  Impact of the number of cycles completed 
Another question was how the number of cylinder cycles affected by the AE signal. Therefore, 

a long-term test was carried out in which the AE signal was measured after a certain number of 

cycles. During the first 100,000 cycles, measurements were taken. 

 

 
Figure 13. Impact of the number of cycles completed on the AE signal 

 

Figure 14 shows the relationship between RMS and the number of completed cycles. As the 

number of cycles increases, this value is almost unchanged. The difference in values for 0 to 

650 thousand cycles is a maximum of 1.5 times. 
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Figure 14. Impact of the number of cycles completed on the average value of RMS when 

sliding and inserting 

 

3.5  Comparing between damaged and undamaged cylinders 
Figure 15 shows the RMS for one cycle of undamaged cylinder. The peak in the initiation 

movement is the moment when the air inters the cylinder in progress and retreat strokes. 

 

 
Figure 15. Unimaged cylinder No.13 for one cycle 

 

Figure 16 shows the RMS for one cycle of damaged cylinder. The high amplitude because of 

leakage in the cylinder. This type of leak is NP02 (damaged of the piston rod seal) and defect 

PP05a (damaged surface near the seal between the barrel of the cylinder and the rear cover). 
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Figure 16. Damaged cylinder No.1 for one cycle 

 

4. Conclusion 
One of the reasons for the failure of pneumatic cylinders in operation is their poor 

manufacturing or assembly in the factory. Implementing the acoustic emission method will 

allow to directly identify the type of damage. The appropriate AE parameter was selected for 

evaluation, based on the repeatability and sensitivity of the artificially generated defects in the 

signal. The effects of other factors on the AE signal (position of AE sensors on the cylinder, 

piston movement speed and air pressure) were investigated. 

Verification of repeatability on all undamaged cylinders was successful, and most damaged 

cylinders showed such differences in the signal that were clearly distinguishable from the 

undamaged. The last experiments were verified to detect detectable defects in the signal. 

The basis of the proposed methodology is to compare the RMS parameter from the individual 

phases of the working cycle and from the individual sensors. This procedure makes it easy to 

locate and, in some cases, directly identify the type of damage. 

The development of mobile test equipment, which would allow the diagnosis of pneumatic 

elements directly at the place of their use without the necessity of dismantling and expensive 

shutdown of the machine, is offered. The certificate of methodology using acoustic emission to 

detect the defect was obtained 
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