Environment. Technology. Resources. Rezekne, Latvia

Proceedings of the 16th International Scientific and Practical Conference.2025. Volume IV, 111-115

Experimental Study of the Frequency
Characteristics of an Electropneumatic Tracking
System with High Speed Pneumatic Valves and
PWM Control

Georgi Slavchev Iliev
dept. Power Engineering
Technical University of Gabrovo
Center of competence "Smart
mechatronic, eco-and energy-saving

systems and technologies"
Gabrovo, Bulgaria
g.iliev@tugab.bg

Abstract— This paper describes an experimental study
on the frequency characteristics of an electropneumatic
tracking system with a high-speed pneumatic on/off valve
(HSPV) and Pulse Width Modulation (PWM) control. A
demonstration experimental test bench has been developed
to analyze the Bode diagrams of magnitude and phase for
an electropneumatic tracking system with a double-rod
pneumatic cylinder, and the system's critical frequency has
been determined. A specialized virtual instrument is used
for control and data acquisition. The process control and
data processing are performed automatically by a computer
and the corresponding NI interface board. The results are
presented in graphical form and analysis of the obtained
Bode Diagrams was made.

Keywords — critical frequencies, electropneumatic
positioning  system, frequency responses, high speed
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I.  INTRODUCTION

Electropneumatic tracking systems offer several
advantages—they are fast-acting, reliable, and easy to
maintain. Traditionally, they are built using a proportional
valve or a servo valve, which are high-cost pneumatic
control components. However, designing a pneumatic
tracking system with high

speed pneumatic on/off valves (HSPV) and PWM control
enables similar advantages at a lower cost.
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The high-speed pneumatic on/off valve (HSPV) is a
commonly used and fundamental component in modern
digital fluid power control systems. As a key control
element, the dynamic characteristics of HSPV influence
the response of the entire pneumatic tracking system.

Due to air compressibility, the adverse effects of
friction, and low damping properties, pneumatic devices
require complex control strategies. Pneumatic actuation
systems are widely used in CNC machines, aviation
technology, and other applications, where they must meet
strict requirements in both static and dynamic operating
modes [1],[3],[5].

To analyze electropneumatic tracking systems and
design control algorithms, frequency characteristics
(amplitude-frequency and phase-frequency) are widely
used to describe the system’s dynamic properties.
Experimental determination of frequency characteristics
allows for the development of accurate mathematical
models, which can be utilized in system design to achieve
specific performance and precision levels [8].

A demonstration research test bench has been
developed for real-time control and investigation of an
electropneumatic tracking system. This test bench enables
the determination of frequency characteristics and the
critical frequency range of an electropneumatic tracking
system under dynamic conditions.

In many cases, electropneumatic systems must meet
requirements not only for precise tracking of input signal

Online ISSN 2256-070X
https.//doi.org/10.17770/etr2025vol4.8427
© 2025 The Author(s). Published by RTU PRESS.

This is an open access article under the Creative Commons Attribution 4.0 International License.

111



https://doi.org/10.17770/etr2025vol4.8427
https://creativecommons.org/licenses/by/4.0/
mailto:christo@tugab.bg
mailto:docho5_dim@abv.bg

Georgi Slavchev lliev., et al. Experimental Study of the Frequency Characteristics of an Electropneumatic Tracking

variations but also for high response speed [9], [18], [20],
[24].

The response speed of an electropneumatic system is
characterized by two key parameters:

Response time — The time required for the output
signal to match the input signal. Fast systems exhibit
minimal response times.

Natural (critical) frequency — indicates the rate at
which the electropneumatic system can respond to signal
variations per second.
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Fig. 2. Schematic Diagram of the High-Speed Pneumatic On/Off
Valve with PWM Control

1 - screw compressor; 2 - receiver; 3 — throtle valve; 4 — presure ruducting
valve; 5 - air preparation system preparatory; 6 - flowmeter; 7 - pressure
transducer, 8, 9, 10, 11 high speed pneumatic on/off valve; 12 -
potentiometric sensor, 13 - double-rod pneumatic cylinder, 14 - terminal
board (NI); 15 - power supply unit; 16 — Valve Controler, 17 - Power
saving unit, 18 — PC,

II. MATERIALS AND METHODS

A. Experiment Description

The demonstration research test stand is shown in Fig.
1. The control of the experimental process, data collection
and processing, and data archiving are performed

System with High Speed Pneumatic Valves and PWM Control

automatically by a computer and an interface board
manufactured by National Instruments. For the purposes
of this experiment, specialized software—LabVIEW—is
used to manage the experimental processes, allowing an
unlimited number of real-time measurements and data
processing.

The investigated system consists of the following
elements: a screw compressor, a high-speed pneumatic
on/off valve, a double-rod pneumatic cylinder AIGNEP
MIJ0250125, and measuring equipment, a regulator, and
an energy-saving block [1], [3], [5], [ 6]

The position control of the pneumatic cylinder with a
double-ended rod is implemented using four HSPV- (SX
12 F-AH) valves, operating as follows. When all four
valves are closed (Off), the piston remains in the required
position. When Valve 1 and Valve 4 are open (On), the
piston moves to the left. Similarly, when Valve 2 and
Valve 3 are open, the piston moves to the right, thus
performing a reciprocating motion (Fig. 2). The solenoid
is actuated using PWM technique, with control
implemented

through analogue circuits. A virtual instrument for
control and dynamic process analysis in the electro-
pneumatic tracking system has been developed [8],[13].

The developed virtual instrument enables both the
control of the electro-pneumatic tracking system and its
real-time analysis by collecting and processing data from
displacement, flow rate, and pressure sensors. The virtual
instrument generates sinusoidal PWM control signals. The
formation of sinusoidal voltage through PWM is an
effective way to control the HSPV, allowing smooth
modulation depth adjustment. Using PWM significantly
improves energy efficiency while maintaining high-
quality process control [22], [24].

The variation of the input signal and the displacement
of the pneumatic cylinder are recorded using the same
virtual instrument. At low input signal frequencies, the
piston of the pneumatic cylinder oscillates at the same
frequency as the input signal. As the input frequency
increases while maintaining the signal amplitude, the
oscillation frequency of the cylinder also increases.
However, at high frequencies, the pneumatic cylinder can
no longer follow the input signal variations, and its
oscillation amplitude decreases. The frequency at which
this begins to occur is defined as the critical frequency [2],

(6], [8].

Natural (critical) frequency — indicates the rate of
input signal changes to which the electropneumatic
system can respond.

The frequency response of the system is determined
by two graphs:

- Amplitude-Frequency Response (AFR)

The ratio of amplitude at measured frequencies to the
amplitude at very low frequencies is recorded in decibels
(dB) and plotted on a logarithmic scale. An amplitude
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ratio of -20 dB means that the amplitude at a given
frequency is ten times smaller than the amplitude at low
frequencies. Plotting the amplitudes for all measured
frequencies yields the amplitude-frequency response [7],
[15].

- Phase-Frequency Response (PFR)

The delay of the output signal relative to the input
signal is measured in angular degrees. A phase delay of
360° means that the output signal lags by one full cycle.
The graphical representation of phase shift as a function
of frequency is known as the phase-frequency response.

When the input signal amplitude changes by 10%, the
cylinder should move only a small distance. Therefore, it
can respond to such input signal changes even at high
frequencies. The amplitude and phase characteristics
deviate from the horizontal line only at high frequencies.
When the input signal amplitude changes by 90%, the
distance the pneumatic cylinder needs to travel is nine
times greater. It almost does not follow the input signal
variations. The amplitude and phase characteristics also
deviate from the horizontal line at low frequencies.

- Critical Frequency

The critical frequency value is obtained from the
amplitude-frequency response. It is the frequency at
which the amplitude drops to 70.7% or -3 dB [2],[6].

The limitations of using HSPV- “SX 12 F-AH
(0.15~0.7 MPa) SMC Japan” with PWM control are
determined by the maximum pressure specified by the
manufacturer.

B. Order of Experiment Execution

1. The selected operating pressure for the experiment
is 4 bar (it is possible to conduct the experiment at
different pressures).

2. The chosen parameters for the operation of the
virtual instruments created for the experiment are
configured. A sinusoidal input signal with different
amplitudes—0.3 V, 0.5 V, and 0.7 V—and a frequency
ranging from 0.7 Hz to 5 Hz is set. The initial position of
the electro-pneumatic tracking system is established. After
preliminary tests of the control and measurement circuit,
the experimental study begins. The obtained results, the
input signals, as well as the assigned output signals, are
displayed on the screen, recorded, archived, and processed
to be presented graphically. After recording is completed,
the system returns to its initial position [2].

3. The experiment is repeated as many times as
necessary to eliminate errors.

For the experimental study of the frequency
characteristics of the pneumatic positioning system, it is
assumed that the instruments have significantly smaller
time constants than the tested system. In practice, their
transient processes occur much faster, and they are
considered ideal first-order aperiodic units with time
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constants significantly smaller than the time constant of
the investigated system [2].

III. RESULTS AND DISCUSSION

Figure 3 presents the amplitude-frequency (AFR) and
phase-frequency response (PFR) of the pneumatic
positioning system at an input signal amplitude of 0.3 V.
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Fig. 3. AFR and PFR at an input signal amplitude of 0.3 V.

Figure 4 presents the AFR and PFR of the pneumatic
positioning system at an input signal amplitude of 0.5 V.
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Fig. 4. AFR and PFR at an input signal amplitude of 0.5 V.

Figure 5 presents the AFR and PFR of the pneumatic
positioning system at an input signal amplitude of 0.7 V.
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Fig. 5. AFR and PFR at an input signal amplitude of 0.7 V.

Figure 6 presents the AFR of the pneumatic
positioning system at input signal amplitudes of 0.3 V,
0.5V,and 0.7 V.
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Fig. 6. AFR at input signal amplitudes of 0.3 V, 0.5 V, and 0.7 V

Figure 7 presents the PFR of the pneumatic
positioning system at input signal amplitudes of 0.3 V,
0.5V,and 0.7 V.
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Fig. 7. PFR at input signal amplitudes of 0.3 V, 0.5V, and 0.7 V.

IV. CONCLUSIONS

The conducted experimental study has yielded
frequency characteristics of an electro-pneumatic tracking
system with high-speed pneumatic valves (HSPV) and
PWM control at different input signal amplitudes—0.3 V,
0.5V, and 0.7 V. The obtained characteristics confirm the
nonlinear nature of the system, as the frequency
characteristics vary depending on the amplitude of the
input signals.

From the presented characteristics, the system’s
critical frequency can be determined. It remains within
narrow limits for different input signals, ranging from 0.8
Hz to 1.5 Hz, as defined by the PFR at -90°.
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