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Abstract 

This paper discusses the methods that detect the leakage of the pneumatic circle of the bus door, 
shedding light on a new approach to determining the leakage. Difficulties that face the leakage 
detection process are related to the complicated circle, and the available methods for detection. 
Applying different methods of non-destructive testing and distinguishing between them through 
acoustic emission. The study concentrates on the analysis, investigation, performance, and the 
new applications of the pneumatic circle of bus door. An artificial leak is made in the circle which 
is controlled manually to determine the quantity and location. The necessary parameters for 
comparison have been selected after analysing the signals that were obtained from the tests. 
Root mean square (RMS) of acoustic emission signal, frequency spectrum and time describe the 
different responses and changing in the signal with and without leakage related with the behaviour 
of the signal during open and close the door.  
Due to more stringent safety requirements, buses used by public transport companies and private 
operators have had safety controls fitted to protect their passengers and to reduce the hazard of 
accidents in the traffic.  
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1. Introduction 
Acoustic emission testing is a method of non-destructive testing (NDT). Elastic stress waves 
generated by the energy released when microstructural changes occur in a material propagated 
through the pipe wall and recorded by using acoustic sensor [1]. Fundamental principles of AE 
leak detectors rely on the fact that escaping gas or liquid through a small breach creates a high 
frequency sound wave that travels through the enveloping system via an acoustic leak path [2]. 
Partitioning between transmitted and reflected waves in the leakage detection depends on the angle 
of incidence and relative material acoustic impedances [3].  The efficiency of the acoustic methods 
for the leakage detection was studied and the problem of the use of threshold was discussed to 
determine the leakage sources [4]. 
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Pneumatic actuators convert fluid energy into straight line motion (linear actuators). Pneumatic 
systems are used in various fields of technology, for different purposes, to achieve different tasks. 
Compressed air has been used to drive a variety of tools: air hammers, polishing, drilling, 
transportation of loose materials, pneumatic brake systems and door opening [5]. 
Door control on bus door has three input and two output signals. Each output is functionally 
connected to all inputs and analytical represents a logical function of three variables upon which 
the entire system be described [6].  
A variety of defects can occur, which could lead to a catastrophic failure. Therefore, it is important 
to detect as soon as possible. Those defects include leakage, leaks in motion, galling and 
mechanical defects. Leakage can be caused by the deterioration or loss of sealing function, damage 
of the seals within the components. defects cause high cycle fatigue damage from an external force 
[7]. The results were compared to find distinctive differences between the damaged and 
undamaged cylinders. The frequency spectrum, counts and events were not sufficient to identify 
all defects. The frequency spectrum was replaced later by the RMS. The results of the research 
proved the relation between RMS and leakage. For the AE signal, the most frequently used AE 
parameters are the RMS [8]. 

 
Figure 1 Basics of pneumatic installation bus for transport [6] 

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 cylinders, 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 and 
components of installation opening and closing the door on the buse. 
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The control valve system with a safety circuit. 

 

Control valve, electronically controlled 
system (ETS) 

 

The control valve for the primary and backup 
systems 

 

The auxiliary valve 

 

Throttle valve 

 

Push switch 

 

Linear cylinders to open the door on the 
outside 

 
 
 

 
Rotating mechanism to open the door 

Figure 2 Related components of installation opening and closing the door on the buses [6] 
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Figure 3 Simulation of the pneumatic driving circle to open the door 

3. Results and discussion 
The signals were obtained by two sensors, one of them on the right (A) and the other on the left 
(B). using a pen test before each measurement to ensure that the sensors have the same amplitude.  

The relation between RMS and displacement explains the steps of movement of piston of cylinder 
and the changing of signal according to initiation and end of stroke and damping area.  

In progress stroke, the piston starts to move without any changing on the signal, which is steady 
and smooth. When the head of piston arrives to the cushion area the signal changes as shown in 
the figure 4, until the head of piston impacts the head cap cushion and stops for 0.1second and 
returns to make the retreat stroke in the same way.  



DEFEKTOSKOPIE  2018                  71

 

Figure 4. The relation between RMS and displacement for undamaged cylinder No.33 

However, undamaged and damaged cylinders were compared to find distinctive differences 
between them. the data was normalized. All cylinders had the same throttling adjustment before 
and after creating the artificial defect. In case of damaged cylinder, the time of the stroke was 
extended. The stroke time should be the same but the defect in the cylinder causes this delay.  
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Figure 5. Comparing between damaged and undamaged cylinders No. 25, NP08, PP03 derived from the sensor A 

 

Figure 6. Comparing between damaged and undamaged cylinders No. 25, NP08, PP03 derived from the sensor B 

 

Sensor A Damaged  Sensor A Undamaged  

Sensor A Undamaged  

Sensor A Damaged  
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When the door is closed and there is no leak in the port of cylinder 

In the progress stroke, the load and the pressure are in the same direction. After the valve is opened 
by the digital input, the air hits the piston and makes a peak in the signal. There are some effects 
on the signal at the beginning due to the air passing through the throttle nozzle; the piston vibrates 
at the beginning of its movement then the speed of its movement becomes steady until the initiation 
of the damping phase. The high amplitude of AE near sensor A is a result of the damping that 
happened in the head cap of the cylinder. When the head cushion piston impacts the head cushion 
cap, a small peak in the signal appears, and after that the air is expelled.  

In the retreat stroke, the load and the pressure are in different directions. After the valve is opened 
by digital input, the air impacts the piston and makes a peak in the signal. There is a delay in the 
movement and the signal at the beginning because it needs enough pressure to move the piston. 
Following that, the speed of its movement becomes steady until the initiation of the damping phase. 
The high amplitude of AE near sensor B is a result of the damping that happens in the rear cap of 
the cylinder. When the rear cushion piston impacts the rear cushion cap, a small peak in the signal 
appears. After that air is expelled.  

 
Figure 7 When the door is closed and there is no leak in the port of cylinder 

(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. 
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When the door is opened and there is no leak in the port of cylinder 

In the progress stroke, the load and the pressure are in different directions, it acts in the same way 
as in the previous example. In the retreat stroke, the load and the pressure are in the same direction, 
and it also acts in the same way as the previous example.  

 

Figure 8 Load 1 kg was applied above the undamaged cylinder   

When the door is closed and there is leak in the port of cylinder 

When the load is below the cylinder. In the progress stroke, the load and the piston movement are 
in the same direction; the leak is in port B and the air is expelled through port A, so there is a huge 
amplitude of RMS from sensor B, and there is a signal from sensor A. The leak continues flowing 
from port B after the piston stop, so the signal from sensor B is bigger than from sensor A.  

In the retreat stroke, the load and the piston movement are in different directions; the leak is from 
port A and the air is expelled through port B, so there is a huge amplitude of RMS from sensor A, 
and there is a signal from sensor B. The leak continues flowing from port A after the piston stops, 
so the signal from sensor A is bigger than from sensor B. 
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Figure 9 When the door is closed and there is leak in the port of cylinder 

When the door is opened and there is leak in the port of cylinder 

When the load is above the cylinder. In the progress stroke, the load and the piston movement are 
in different directions; the leak is in port B and the air is expelled through port A. The RMS from 
sensor A and the RMS from sensor B are in the same amplitude, and the leak continues flowing 
from port B after the piston stops, so the signal from sensor B is bigger than from sensor A. In the 
retreat stroke, the load and the piston movement are in the same direction, and the leak is from 
port A and the air is expelled through port B. The RMS from sensor A and the RMS from sensor 
B are in the same amplitude. The leak continues flowing from port A after the piston stops, so the 
signal from sensor A is bigger than from sensor B. 
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Figure 10 When the door is opened and there is leak in the port of cylinder 

4. Conclusion  
Current results show good conformity and reproducibility. Acoustic emission application 

in this domain of diagnostics brings higher quality results than currently used methods. Acoustic 
emission detectability of leakage depends on detection sensitivity, detection selectivity, 
differential pressure, and leak size. The Acoustic emission can be applied to detect and locate leaks 
if there is enough pressure fluid acting across the leak. The obtained results prove significant 
sensibility of acoustic emission signal in this application domain.  

When there is a leak in the port of the cylinder, the peak of the signal appears during the stroke, 
not only in the damping phase. 

The RMS parameter can be used as an important criterion for the evaluation of pneumatic 
cylinders, particularly in combination with other monitored parameters.  

The specific ratio between maximum RMS from sensor B and sensor A in the retreat stroke can 
determine whether the cylinder is damaged or undamaged. 

This project in the beginning of the research, and this is the first step to collect data and measuring 
and the research will be continued.  
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