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The characteristics of pneumatic piston drive
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Abstract. The article presents a study on the rodless pneumatic piston actuator. Mathematical model of the
pneumatic actuator, static and dynamic characteristics are obtained and compared with the real drive
characteristics.

Changes in temperature inside the chamber is obtained
from the ideal gas equation differentiation:

1 Introduction
One of the primary actuators used in industry is a
pneumatic drive. Due to its construction and used
working medium, the drive is characterized by high
dynamics of movements, resistance to overload and not
very high positioning accuracy. Easy to use and high
speed drive systems, especially in performing simple two
state movements made pneumatic drive essential in
every mass production factory. More advanced use of
pneumatic drives is construction of pneumatic
manipulator, which requires a much more detailed study
of drive parameters, and control systems that will take
into account many factors such as compressibility of
working medium, friction, various cross-sections of the
drive and connectors. As shown in the work of
P. A. Laski[1,2], developing appropriate trajectory of
pneumatic manipulator requires more advanced control
system such as Fuzzy-logic controller[3].

2 Mathematical model
A common mathematical model of pneumatic piston
drive is a model based on energy balance, which can be
represented as follows:
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On the piston acts forces resulting from the pressure
difference between the chambers as well as the friction:
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m – mass of piston, A – surface on which pressure is acting, p1
– pressure in chamber, Ft – friction forces.

2.1 Friction
Friction is one of the most inlfuential force occurring in
the piston pneumatic drives, we can distinguish the static
friction - important at the beginning of the movement,
and dynamic friction that occurs during the entire drive
operation. Moreover compressibility of the working
medium causes a phenomenon known as stick-slip,
which makes piston moves in a stepped manner when at
low velocity (Figure 1).

Where: : Qi – flowing energy, Qo – outflowing energy, dL –
work done by the actuator, U – changes of internal energy,
QT – energy flow to the environment.

Assuming that the temperature in the chambers is
uniform, and that the working medium is a gas which
meets the ideal gas law, it can be derived differential
equation determining the changes of pressure in a single
chamber:
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Where heat capacity ratio k

c p / c v , the gas constant

c p  cv , D – diameter of the piston,

R

x

– the current

position of the piston,  – the temperature difference between
the actuator and the environment.

*

Fig. 1. Real pneumatic piston drive with stick – slip effect.
Top picture – velocity, bottom – position, approximate
velocity 9.34 mm/s.

There are several basic models of friction which are
used to simulate behaviour of pneumatic actuators, one
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of them is a Lund – Grenoble model[4]. Equations
describing LG model:
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z – average
of the piston,
V 0 – stiffness of bristles, V 1 – damping,
Fv – viscous friction, Fc – Coulomb force, Fs – stiction force.

Fig. 4. Test rig for friction measurements.

The measurement process takes place automatically by
increasing the speed from 1 to 450 mm / s and
continuous readings measurements from the force
sensor. Every single cycle generates about 5 000
measurements of friction force. In order to reduce the
impact of movement changes on the measurements, 5%
of the initial values are ignored and the others are
subjected to moving average filter with a period equal
to 5. Figure 4 shows a part of measurement cycle on
which we can see changes in friction force shortly after
the start of the movement.

This model reflects the behaviour of friction in the
pneumatic drives very well, and also allows to simulate
the stick – slip phenomenon, which for a very low speed
of the piston makes positioning accurate very difficult.

Fig. 2. Simulation of pneumatic piston drive model with Lund
– Grenoble friction model (stick-slip effect).

Another much simpler approach that allows to
simulate friction in pneumatic drives is a combination of
Coulomb model and Stribeck curve. Usage of such a
simulation model is shown on the Figure 3.

Fig. 5. Friction measurement cycle for the 2 mm/s speed.

As we can notice, the friction value is the largest right
after the change of movement direction of the piston, is
above all due to the construction of a seal, and a static
friction value - which is highly dependent on the
stopping time.
From one measurement cycle we obtain a mean
value of the force. All cycles form a graph showing the
relationship of the friction and velocity (Figure 5).

Fig. 3. Simulation of pneumatic drive model for slow
movement with combined Stribeck and Coulomb friction.

2.1 Measurements
In order to present certain characteristics of the
pneumatic actuator, the test rig consisting of a linear
servo and pneumatic drive combined with a force sensor
was developed.

Fig. 6. The results of measuring the friction force as a function
of speed.

2

EPJ Web of Conferences 143, 02010 (2017 )

DOI: 10.1051/ epjconf/201714302010

EFM 2016

As can be seen from the measurements, for small values
of speed the resistance of the drive is the biggest. As
well, it is difficult to see on the figure a point of Stribeck
speed directly. This may be caused by: the surface
quality of the cylinder [5], impurities, worn seals or even
corrosion.
To check the impact of pneumatic actuator seals on
motion resistance, the friction force measurements for
the different speed of the piston subjected to varying
pressure value was made.

consisting of a pneumatic drive would take place along a
predefined trajectory it is possible to use the predictive
control based on complex mathematical model which
takes into account the impact of known physical factors.
The current study was conducted in one cycle
without stopping, we can say for sure that due to such
action drive characteristics can maintain a specific trend
directly resulting from continuous operation. Even shortterm stop of the drive during the test causes a complete
change of drive characteristics, an example of such
middle-stop presents Figure 9.

Fig. 7. Test rig for the friction force of pneumatic drive under
pressure measurements.

The piston velocity was changed in the range of 1 - 500
mm / sec, and the pressure from 0.1 to 1.5 Bar which
was fed to both chambers. Unfiltered measurement
results shown in Fig 6.

Fig. 9. Changes of friction forces during 15-seconds stops.

A particular impact on results (Figure 9) has work of the
seals, which are often intentionally designed in two
directions: reducing friction or reduction of leakage.
Currently, technology of various kinds of seals is widely
developed, which may result in the use of more complex
sealing systems with reduced influence on the drive
work[7-12]. Also, the use of new methods to improve
the surface properties cooperating with the seal, could
significantly improve the operating parameters [13]. The
complexity of pneumatic drive cylinder quality, can be
connected not only to the manufacturing method, but
also to verification methods of desired cylinder
parameters [13,14]. Another element affecting the
operation of the drive is the size of connectors [15] and
length of pneumatic lines whereby improper selection
significantly reduces the maximum speed or dynamics of
the piston.
After analysing most of factors affecting action of
pneumatic piston drive, it can be concluded that for a
complete description of phenomena occurring in drive, it
is required to carry out a more detailed study which will
take into account the measurements of friction for
various durations of stopping the piston, in the function
of operating pressure. In addition, measurements must be
taken for a wider range of pressure connected
asymmetrically, which much more corresponds to a
typical drive operation. This measurement due to
occurring moments that influence the non-uniform
deformation of the sealing should be based also on the
method of affixing the drive to the measuring system.

Fig. 8. The results of measuring the friction force as a function
of speed for a pressure from 0.1 to 1.5 Bar. Lower line is lower
pressure.

It can be seen that as the pressure increases the
characteristics of the friction force are more like Stribeck
curve. As a result of drive seal deformation, for low
velocities, the friction value increases with increasing
pressure.

3 Conclusions
The study showed that the pneumatic actuator is a very
complex and sensitive to many physical elements. The
performance of this drive is affected by many factors
such as changes in temperature, working fluid properties,
and especially the velocity of piston and how long the
drive is stopped. While simple applications are not so
demanding, so far attempts to precise positioning can be
challenging. However, if the control of manipulator
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