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Abstract. Pneumatic components represent an important part of many technical
devices in transportation, mechanical, automotive and power engineering etc. The
proper function of these components decides not only on the correct function of
production equipment, for example, but in many cases influences also the safety of
passengers, operators etc. The diagnosis of these systems is currently based mainly
on monitoring of vibrations, possibly also are verified devices on the principle of
ultrasound. Possibilities of these methods have proven to be inadequate, less
sensitive and largely unreliable. Another diagnostic procedure that is being tested is
the noise analysis of activity of diagnosed devices. Also, this method proves to be
unsuitable for practical use in operational diagnostics. However, the required new
methods of increasing sensitivity speed and efficiency of NDT, their automation,
minimizing the human factors and the reduction of operating costs. Ideally, it is the
possible to consider a combination of acoustic emission with other methods, thereby
ensuring high sensitivity and reliability at the same time.
The paper presents the latest results obtained in the course of the project
Technology Agency of the Czech Republic, which aims to create a new diagnostic
system for checking the function of pneumatic cylinders using acoustic emission.
There are compared the records of the AE signal from the undamaged pneumatic
cylinders and similar entries from cylinders containing artificial defects. Records of
signals are monitored by modern analysers DAKEL IPL with full sampling of the
signal. Based on the analysis of large data sets are selected suitable AE signal
parameters, which can be used for more accurately diagnostics of condition of tested
devices which could be used for constructing of analyser for testing of pneumatic
devices.

Introduction
Acoustic emission (AE) is the transient mechanical waves spontaneously generated by
abrupt localized changes of strain within a body. These waves are sometimes of sufficient
amplitude to be detected by sensors (transducers) attached to the surface; the sensors
convert the mechanical disturbance to a voltage-time waveform. Acoustic emission
technology has been used very successfully over the past three decades for the testing of
structures life time, pressure vessels, and fatigue of materials [1]. Modern analysers enable
highly sophisticated scanning of signals on the surface of the tested bodies. Reasons are, of
course, quite specific characteristics of AE method that is able to identify and locate the
presence of active defects which can be relatively easily found and verified by other NDT
methods in this case.
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Cylinders are used in the majority of applications to convert fluid energy into
straight line motion (linear actuators). If the speed of the moving objects is not critical,
pneumatic systems are considered cheap, clean, and easy to maintain alternative for the
automation [2]. But a variety of faults can take place during the normal operation, which
sometimes lead to catastrophic failure if it is undetected. It is necessary to detect the
problems and their source as quickly and accurately as possible to continue operating. A
variety of conditions monitoring techniques have been developed for the analysis of
abnormal conditions. A study of measurement of leakage defects in pneumatic systems was
undertaken by five methods as AE, modal analysis techniques [3], noise measurement,
vibro-diagnostic and high frequency vibrations (HFV) [4]. Comparing the signals from
each experiment proved that the results which are obtained by AE fully describe defects in
tested specimens. The first research to use AE as a method for defects detection in
pneumatic circuits was initially started by Dickey, Dimmick and Moore [5]. They described
the relation between amplitude of AE signal and the rate of gas leak in a valve at the
frequency domain, and measurement of noise from gas valve. They proved the ability of
acoustic emission as a non-destructive method to monitor pneumatic cylinders [6].
The interest for the development of AE as a NDT method for pneumatic and
hydraulic systems has increased in the last few decades. The main goal is to investigate the
possibilities of implementing AE system for pneumatic cylinder leakages detection. The
research of influence of leakage rate was performed on RMS value of the AE signal, using
sensors of AE while applying various internal pressures. The results of the research proved
the relation between RMS of AE signal and leakage rate and internal pressure when the
internal pressure increases the leaking rate will be high and RMS of AE will rise [7]. On the
other hand the relation between internal leaking of valves and the amplitude of AE signal
was determined during changing different sizes of valves, and analysis of the obtained
signal was performed by Fourier transformation [8]. This study suggested a procedure of
methodology of determining leakage rate from the signal of AE which contains parameters
size, type of valve and internal pressure. By applying those parameters on analytical
processing of the AE signal, the leakage rate should be obtained.
The AE laboratory at the Institute of Machine and Industrial Design has long been
focusing on the use of AE for diagnostics of damage development in cyclically loaded
materials and machine parts (standard fatigue, contact fatigue, bearings etc.) [9].
1. Experimental procedure
At Brno University of Technology, there are in the lab the experiment platform, test devices
and some equipment including damaged and undamaged cylinders, the air pressure supply,
the pneumatic control system, the linear potentiometer and the AE monitoring system.
Three types of cylinders were testes - PS, PB and RD (producer Policske strojirny a.s.).

Fig. 1. Tested types of cylinders and position of AE sensors on the pneumatic cylinder (PS)
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In our experiment the tested cylinder has four AE sensors installed on four different
positions of the body (see Fig. 1), and there is a linear potentiometer mounted in front of
the cylinder to measure the position of the piston according to the AE signals. All of them
were connected with 5-chanel IPL analyser, using DAKEL system for processing and postprocessing the signals (see Fig. 2). Pneumatic control system is responsible for manage the
operation of pneumatic cylinders. An executive scheme for the connection of components
and to conduct the experiment is shown in Fig. 3.

Fig. 2. Assembly of experimental equipment

Fig. 3. Schema of the experimental stand for testing of pneumatic cylinders

The AE signals which were obtained from the undamaged cylinders, were processed
and analysed, after that the same cylinders were damaged with different type of defects,
there are two main types of damage (see Fig. 4). The AE signals were obtained, processed
and analysed from the damaged cylinders. All these procedures are to compare the analysed
AE signals of damaged and undamaged cylinders given in Table 1 and 2.
Table 1. Leaks at a pressure above the piston (TP)
#
1

2

Type

Name of the
defect

Leakage
Point

The part

TP02

ridge in the
recess

rod gasket in the
front cover

In the cover
of recess

TP10

a cut in the
throttle needle
gasket

gaskets butterfly
needle

around the
needle

Cause
damaged gasket
damaged surface in the recess
damaged gaskets
damaged surface of the needle
damaged surface hole
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Table 2. Leaks at a pressure below the piston (BP)
#

Type

Name of the
defect

Leakage
Point

The part

Cause

1

BP01

two cuts in the
piston gasket

gaskets the rear
piston in the tube

around the
piston

damaged gaskets

2

BP05

tube surface

gasket on the rear
cover

the cover of
the ridge

damaged gasket

a) leaks above the piston in the end position

damaged surface of the piston

damaged surface in the ridge

b) leaks under the piston in the end position

Fig. 4. Two main type of damage

2. Results
A population of sixteen identical “PS” type cylinders and twelve “PB” type cylinders was
used for AE testing. Type “PS” was chosen from the series of PS40, i.e. cylinder diameter:
40 mm, throw: 100 mm, and type “PB” of PB40, i.e. cylinder diameter: 40 mm, throw:
20 mm, both in an embodiment of a double-acting with the hard chrome piston rod.
The cylinders were tested to evaluate the amount of damage-to-undamaged cylinder
variation and to describe the work process by AE. This study seeks to extend the work done
in [4] concerning the measurements of HFV (30 kHz – 200 kHz) between damaged and
undamaged cylinders used for damage detection. The basic characteristics of the generated
AE are the envelope of a continuous signal, event signal - waveform, and the frequency
spectrum.
Each cylinder was set-up in precisely the same fashion in attempt to minimize the
effects of human factors on the response changes. A typical example of the frequency
spectrum characteristics of undamaged cylinders is given in Fig. 5 and Fig. 6. Both
characteristics were recorded with the AE sensor No. 3 located on the tube.
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Fig. 5. A typical example of the frequency spectrum for undamaged cylinder “PS” in top and bottom dead
centre (red and green line)

Fig. 6. A typical example of the frequency spectrum for undamaged cylinder “PB” in top and bottom dead
centre (red and green line)

There are three basic characteristics determined by bandwidth BW1 (A1max = 100
kHz), BW2 (A2max = 280 kHz), BW3 (A3max = 360 kHz) and by size of the spectrum
amplitude in case of type “PS” cylinder. Unlike the previous type of the cylinder, type
“PB” is characterized by only one a significant bandwidth BW mostly with two peaks at 60
and 115 kHz due to different design. The characteristic of both types in undamaged
condition was approximately the same.
The basic evaluation criterion of the analysed signal is therefore bandwidth "BW",
the spectrum amplitude "A" and the incidence of new (dominant) frequency in the spectrum
due to the damage. Based on these indicators, a new parameter "DAE" was developed which
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evaluates and classifies the level of damage detection on the basis of the recorded
differences the above criteria between the undamaged and damaged cylinder. However, the
results of detailed analysis by a new parameter will be published in other paper.
While the piston is moving the air flow and the friction are being formed between
the cylinder tube and the piston. The AE signals are generated due to the air flow and the
friction. The comparison of the signals coming from all AE sensors in the time domain for
the damaged and undamaged cylinders is presented in Fig. 7. The differences have been
noticed between the undamaged and the damaged cylinders.

Channel 1

Channel 2

Channel 3
Undamaged

Damaged

Fig. 7. Comparison of the waveforms for the undamaged and damaged cylinder “PS” for 3 sec.
(black line: position of the piston rod, type of damage: tube surface BP05 + ridge in the recess TP02)
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The movement period of the piston in the new cylinder is shorter than in the
damaged due to the leak between the cylinder tube and the piston thus creating a smaller
force. Naturally, differences in the signal intensity for individual AE sensors (channel 1 channel 3) are the result of different sensitivity relative to the current position of the piston.
For analysis of the AE signals are important not only waveforms in the time
domain, but also characteristics in the frequency domain. The evaluation of the frequency
spectrum can be analysed according to the intensity (spectrum amplitude) and the
distribution of the AE signal in the frequency range. Comparison of two types of the
damage and changes in the frequency spectrum are given in Fig. 8 and Fig. 9.

Undamaged

Damaged

Fig. 8. Comparison of the waveforms and frequency spectrum for the undamaged and damaged cylinder “PS”
(type of damage: two cuts in the piston gasket BP01, red line: BDC, green line: TDC)

According to Fig. 8, there seems to be differences between the undamaged and damaged
cylinder in the top dead centre (TDC) and bottom dead centre (BDC) in the time and
frequency domain due to the two cuts in the piston gasket (see Table 2 and Fig. 4). For the
typical frequency spectrum characteristic of undamaged cylinder, another new frequency
about 420 kHz occurs in the damaged condition. Also, the new frequencies occur in other
types of damage.
While the previous damage did not cause large changes in the time or frequency
domain, the cut in the throttle needle gasket has changed in its entirety both domains.
Results: very noisy signal due to the significant leakage with unidentifiable TDC and BDC
and the other three new frequencies at 50, 195 and 385 kHz in the frequency domain (see
Fig. 9).
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Undamaged

Damaged

Fig. 9. Comparison of the waveforms and frequency spectrum for the undamaged and damaged cylinder “PS”
(type of damage: a cut in the throttle needle gasket TP10)

Undamaged

Damaged

Fig. 10. Frequency spectrum in the time measurement of the undamaged and damaged cylinder “PS”
corresponding to Fig. 8
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The changes in the frequency spectrum in the time measurement are more identifiable in
the 3D graph, where the third axis (axis z) is presented by colour range of spectrum
amplitude (see Fig. 10 and Fig. 11). It is obvious that the frequency responses to the
particular type of damage are very sensitive and can describe very detailed changes in the
time. Hence it is possible to state that the AE enable estimate the condition of the
pneumatic cylinder.

Undamaged

Damaged

Fig. 11. Frequency spectrum in the time measurement of the undamaged and damaged cylinder “PS”
corresponding to Fig. 9

3. Conclusion
This paper presents results of an initial study aimed at proving the possibility of application
of the acoustic emission method for functional diagnostics, eventually also for evaluation of
the extent of damage of pneumatic cylinders. The obtained results prove significant
sensibility of acoustic emission signal in this application domain. The measurements are
performed on a large set of pneumatic barrels. Current results show good conformity and
reproducibility.
Further study will be aimed at evaluation of barrels cycling during idle run and run
with load, on further evaluation of barrels with defects, etc. We will also focus on
evaluation of the new parameter DAE in case of barrels PS, PB, eventually RD. The result of
these measurements will be a catalogue of suitable parameters of AE signals, which
correspond to various types of damage. Based on this knowledge it will be possible to
create a specialized device for evaluation of pneumatic barrels.
AE application in this domain of diagnostics brings higher quality results compared
to currently used methods. It is evident that the diagnostics of pneumatic valves can be a
new application domain for acoustic emission method.
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