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 A B S T R A C T 

Friction directly affects the motion quality and performance of a 
pneumatic cylinder system. The frictional behavior of pneumatic cylinder 
depends on pressure, velocity, diameter, lubrication, and working 
environment, etc. The relative humidity of the atmospheric environment 
always affects the friction of dynamic parts. The presence of different 
humid films on the surface of dynamic parts will cause a change in the 
frictional behavior of the pneumatic cylinder, which is expressed as the 
difference between static and dynamic friction. This paper presents the 
results of research on frictional behavior of a pneumatic cylinder when 
the atmospheric humidity changes. The studies were conducted at 
relative humidity of 51 %, 75 % and 99 %, with velocities of 5, 10, 30, 50 
and 100 mm/s, respectively. The results show that the effect of 
atmospheric humidity on the static friction force (FS), the dynamic 
friction force (FD) and the difference between them is clear. The static 
friction and dynamic friction forces decrease when the humidity increases 
at the studied velocities. The change in dynamic friction force is 1.5 times 
greater than static friction. The difference between static and dynamic 
friction is large at low speeds and low relative humidity, and vice versa. 
Moreover, it also shows that the stick-slip phenomenon is improved as the 
relative humidity increases.  
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1. INTRODUCTION  
 
The reversing linear motion of a pneumatic 
cylinder is the cause of an unstable friction 
between seal and piston rod. Therefore, the 
precise control of position and stability of 
piston movement during operation is difficult. 
In order to improve the movement quality of 
the pneumatic cylinder, it is necessary to find 
out the rules of frictional behavior of the 

pneumatic cylinder. There have been many 
studies on behavior friction in the pneumatic 
cylinder. T. Raparelli has shown that with a 
constant pressure in the cylinder, the 
relationship between friction force and velocity 
is an exponential equation and the friction 
decreases when the piston is lubricated [1]. G. 
Belforte [2] has proposed a frictional force 
measuring device of a pneumatic cylinder, in 
which the movement of piston is controlled by 
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a hydraulic cylinder under conditions of change 
in velocity, pressure and cylinder diameter. The 
results show that the friction depends on the 
position of the cylinder. For cylinders with the 
same parameters, the friction force increases as 
speed and pressure increase. Nouri [3] 
established an experiment to investigate the 
friction forces in both preliminary displacement 
and complete sliding modes of a rodless 
pneumatic cylinder. The friction in the initial 
displacement phase mainly depends on 
displacement, and in the complete sliding phase 
mainly depends on speed. Chang - Ho 
investigated the total friction of pneumatic 
cylinder in two contact states including with and 
without lubricant at a speed of 5 ÷ 200 mm/s. In 
which, the dynamic friction properties follow the 
Stribeck curve rule. When lubricated with 
grease, the friction force is significantly reduced. 
The research has shown a stick-slip motion 
phenomenon at low speeds [4]. Xuan Bo Tran 
and Hideki Yanada proposed a model to survey 
the dynamic frictional behavior of a pneumatic 
cylinder in complete sliding mode based on the 
modified LuGre model, showing a phenomenon 
of hysteresis at low speeds. At high speeds, 
friction changes linearly with velocity [5], and 
the friction in the preliminary displacement 
phase changes nonlinear with pressures [6]. 
Wakasawa et al. presented a study on effects of 
rod and piston packing on frictional behavior in 
stable and dynamic working conditions. The 
results showed that the piston packing strongly 
influenced the behavior of friction in the 
pneumatic cylinder [7]. In addition, the vibration 
and friction behavior of pneumatic cylinders are 
experimentally studied, and the stick-slip 
motion phenomenon occurs at a speed of 0.010 
m/s [8]. These studies mainly focus on the 
behavior of friction in the pneumatic cylinder 
with the factors such as p, v, D, vibration, with 
and without lubrication. The atmospheric 
environment factor which is characterized by 
the relative humidity of the air is rarely 
mentioned in the studies of behavior of friction 
in pneumatic cylinders. 

  
The relative humidity of the air is one of the 
important environmental factors that directly 
influence the friction and wear of the material 
pairs. The relative humidity interacts with the 
surfaces of sliding material pairs and changes its 
contact properties. Depending on the relative 
humidity of the air, the behavior of friction and 

wear of material pairs will have significant 
changes. The frictional behavior of material 
pairs moving relative to each other increases as 
the relative humidity decreases that are shown 
in the published documents [9-15]. 
 
Vietnam has a humid tropical monsoon climate, 
the relative humidity (RH) varies seasonally 
from 51 % (in summer) to  99 % (in spring), 
which will affect the abrasion behavior of 
friction of pairs of materials when working. 
Nguyen Anh Tuan et al. has studied the effect of 
Vietnam climate (with relative humidity 
changing from 60 % to 100 %) on wear of iron 
and steel materials. The results show that the 
wear increases rapidly when the relative 
humidity increases [16]. The pneumatic 
cylinders working in the climatic environment of 
Vietnam, the behavior of friction will be 
changed, resulting in a difficulty to precisely 
control the position and stabilize the speed of 
pneumatic cylinders.  
 
This paper presents research on frictional 
behavior of a pneumatic cylinder when humidity 
changes with the climate characteristics of 
Vietnam. The relationship between the 
difference of static and dynamic friction with air 
humidity is also discussed below. 
 
 
2. EXPERIMENTAL APPARATUS AND 

METHOD   
 
The experimental apparatus is shown in Fig. 1. It 
consists of a pneumatic cylinder and a servo 
motor system. The piston is fixed while the 
cylinder can move relative to the piston. The 
motion of cylinder is driven with velocities 
precisely controlled by a servo-driven motor. 
The equipment system is located in the BKNA1 
humidity chamber, the servo motor and the 
measuring system are located outside the 
humidity chamber with a humidity can be 
changed in a range of 51 ÷ 99 % ±2 %. 
Displacement of the cylinder is measured by a 
displacement transducer DTH–A with an 
accuracy less than 0.1 % RO. The friction force of 
the pneumatic cylinder is measured by a loadcell 
with a rated output of 50 N and an accuracy less 
than 0.02 % FS, which is set between the piston 
rod via a spherical joint and a fixed plate. The 
principle diagram for measuring friction force of 
the pneumatic cylinder is shown in Fig. 2. 
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Fig. 1. A schematic view of the experimental apparatus: 1-Humidity chamber, 2 – Pneumatic cylinder, 3-Piston 
rod, 4 – Spherical joint, 5- Load cell, 6 – Data system, 7 – Displacement transducer, 8 – Ball screw, 9 – Coupling. 

 

 
Fig.  2. A diagram for measuring friction force. 

 
Force equilibrium equation of a piston is given 
by a formula as follows: 

             1 2 3 0F F F                                (1)                        

In which:  
 

1F : Friction force between piston seal and cylinder; 

2F : Friction force between seal and piston rod; 

3F : Balancing force of load cell. 

 
The displacement and the friction force are 
conducted, processed, and displayed on the 
computer screen through the software Dasylab 
11.0. The screen interface shows the results of 

measuring friction characteristics including the 
static friction force FS and dynamic friction force 
FD according to displacement stroke. The detail 
experimental conditions are shown in Table 1. 
 
Table 1. Experimental Conditions. 

No Parameters Experimental conditions 

1 
Pneumatic cylinder 
TGC50x150 – S; STNC 

Diameter (D): 50 mm,  

Rod diameter (d): 20 mm,  

Stroke (h): 150 mm 

2 Velocity (v) 5, 10, 30, 50, 100 mm/s 

3 Relative Humidity (RH) 51 %, 75 %, 99 % 

4 Surface conditions 
No lubrication with humid 
environments 

5 Pressure (p) Atmosphere  

 
 

3.  RESULT AND DISCUSSION 
 

3.1 Behavior of friction in pneumatic 
cylinder with different humidity  

 

The experiment was conducted in a sequence: 
Adjust the relative humidity of 51 %. Estimate 
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the behavior of friction characteristics at speeds 
of 5 mm/s, 10 mm/s, 30 mm/s, 50 mm/s, and 
100 mm/s, respectively. Each test was repeated 
three times to ensure the reliability of the 
experiment results. Similarly, the other 
experiments were carried out at humidity of 75 
% and 99 %. Figure 3 shows the frictional 
behavior in the pneumatic cylinder at humidity 
values of 51, 75, 99 % with v = 5 mm/s. 
 

As shown in Figure 3, when the relative humidity 
changes, the frictional behavior in the pneumatic 
cylinder is a difference, it is indicated by the static 
and dynamic friction values at the same relative 
humidity. At v = 5 mm/s and the humidity 
increase from 51 % to 99 %, the friction force (FS, 
FD) is reduced, the static friction force decreases 
by 6.54 N, the dynamic friction force decreases by 
2.82 N. On the other hand, the difference of static 
and dynamic friction forces  = FS – FD decreases 
about 19 % when the humidity increases from 
51 % to 99 %. Thus, the phenomenon of stick-slip 
of the pneumatic piston cylinder at low speeds 
can be improved when the humidity increases 
from 51 to 99 %. 
 

 
Fig. 3. Behavior of friction in a pneumatic cylinder at 
humidity of 51 %, 75 %, 99 % and v = 5 mm/s. 
 
Table 2. Experimental data. 

 
 
Similarly, the experiments at speeds of 10, 30, 50 
and 100 mm/s were conducted, the results are 
shown in Table 2. 

3.2 Effect of relative humidity on static and 
dynamic friction forces 

Static friction force 
 
The behavior of static friction (FS) in a pneumatic 
cylinder with humidity of 51 %, 75 %, and 99 % 
at the studied speeds is shown in Fig. 4.  
 

 
Fig. 4.  Behavior of static friction FS with different 
humidity and speeds. 

 
The behavior of static friction force is in the 
form of Stribeck curve. The highest static friction 
force at v = 5 mm/s and RH = 51 %. Thus, at low 
speeds and the low RH values, the static friction 
force is larger, which can be explained that a 
lubricating moisture film is difficult to form on 
the surface of the piston rod. When the humidity 
increases from 51 % to 99 % at different speeds, 
the static friction force decreases by 10÷16 % 
due to the appearance of moisture film on the 
piston rod surface. Reducing static friction force 
can reduce the delay time of initial movement of 
the pneumatic cylinder. 
 
Dynamic friction force 
 

The behavior of dynamic friction (FD) in 
pneumatic cylinder with the humidity of 51 %, 75 
% and 99 % at the studied speeds is shown in Fig. 5. 
 

Figure 5 shows that the dynamic frictional 
behavior of the pneumatic cylinder at the relative 
humidity of 51, 75, 99 %, completely follows the 
Stribeck curve when the speed increases from 5 
mm/s to 100 mm/s. The dynamic friction force 
reaches a minimum value with the moving speed 
of 30 mm/s. When the humidity increases from 
51 % to 99 % at all speeds, the dynamic friction 
reduces by 14÷24 %. Thus, in the surveyed speed 
range, the effect of relative humidity on dynamic 
friction is 1.5 times greater than that of the static 
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friction force, due to the lubrication effect of a 
moisture film. 
 

 
Fig. 5. Behavior of dynamic friction FD with different 
humidity and speeds. 
 

On the other hand, when the relative humidity 
varies from 51 % to 99 %, the effect of the 
relative humidity changing from 51 % to 75 %, 
on the behavior of friction is lower than that of 
the relative humidity changing from 75 % to 99 
%. This can be explained by the condensation of 
a moisture film on the piston rod surface. With a 
higher humidity, it will be easy to create a 
moisture film on the piston rod surface due to 
the condensation of steam near saturation. It 
plays a role of the lubricant film when the 
movement speed changes. 
 
3.3 Simultaneous behavior of static and 

dynamic friction with different humidity  
 
At the humidity of 51 %, the experiment results 
show that the friction force (Fs, FD) decreases 
rapidly when the speed increases from 5 mm/s 
to 30 mm/s and after that the friction force 
increases slowly when the speed increases from 
30 mm/s to 100 mm/s. Thus, there exists a 
minimum region as shown in Fig. 6. 
 

 
Fig. 6. Behavior of static and dynamic friction at RH 
of 51% and different speeds. 

The difference of static and dynamic friction 
forces F (F = Fs – FD) decreases from 20.35 N to 
1.62 N when the movement speed increases from 
5 to 100 mm/s. When the speed increases from 5 
to 30 mm/s, the difference F rapidly decreases 
from 20.35 N to 2.72 N. With the speed increases 
from 30 to 100 mm/s, the difference of F slowly 
decreases from 2.72 to 1.62 N. Thus, moving at 
low speed, a large F difference can be a main 
cause of stick – slip phenomenon. 
 
Similarly, the studies with RH of 75 % and 99 % 
shown the simultaneous behavior of static, 
dynamic friction and its difference F when the 
speed increased from 5 to 100 mm/s is shown in 
Figs. 7 and 8. At the relative humidity of 75 %, 
the difference F decreases from 18.76 N  to 
2.96 N with the speed changing from 5 to 30 
mm/s and slightly decreases from 2.96 N to 1.83 
N when the speed increasing from 30 to 100 
mm/s, as shown in Fig. 7. 
 

 

Fig. 7. Behavior of static and dynamic friction at RH 
of 75 % and different speeds. 

                   
Fig. 8. Behavior of static and dynamic friction at RH 
of 99 % and different speeds. 

 
At the relative humidity of 99 %, the result is 
shown in Fig. 8. It can be seen that, the 
difference F decreases from 16.63 N to 3.34 N 
in the speed range of 5 to 30 mm/s and slightly 
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decreases from 3.34 to 2.43 N when the speeds 
increasing from 30 mm/s to 100 mm/s. 
 
The influence of relative humidity (51, 75, 99 %) 
and the movement speeds (5, 10, 30, 50, 100 
mm/s) on the behavior of F in the pneumatic 
cylinder is shown in Fig. 9. 
 

 

Fig. 9. Behavior of F with different RH and speeds. 

 
In which, with low speed changing from 5 to 10 
mm/s, the value of F at RH = 51 % is 20 % 
greater than that at RH = 99 %, this could be the 
cause of stick-slip friction. Due to its low speeds 
and low humidity, the moist film lubrication 
effect does not appear. 
 

In the higher speed range of 30 to 100 mm/s, the 
value of F at RH = 99 % is greater than that at 
RH = 51 %. This shows that at a high humidity, 
the piston rod surface has a good lubrication 
condition which reduces the dynamic friction 
force, resulting in an increase in the F value. 
 
At the velocity approximately 16 mm/s, the 
effect of relative humidity is negligible, ending 
the region with risk of stick-slip and moving to 
the complete sliding zone. 
 
 
4. CONCLUSION 
 
Frictional behavior of a pneumatic piston-cylinder 
with different humidity has been studied. The 
behavior of friction on pneumatic cylinders were 
determined by using an experimental equipment 
system. The research results show that the 
frictional behavior of the pneumatic cylinder 
depends on the relative humidity of the air and the 
speeds of displacement. Besides, it also shows that 
the force variation F depends on the atmospheric 
humidity and the speed of movement, which are 
summarized in the points below: 

1. The static and dynamic friction forces of the 
pneumatic cylinder decrease when the 
relative humidity increases from 51 % to 99 
%, in all surveyed speeds.  

2. The effect of relative humidity on dynamic 
friction force is 1.5 times greater than static 
friction. The static friction force tends to 
decrease from 10 ÷ 16 %, while the dynamic 
friction force tends to decrease 14 ÷ 24 % 
when relative humidity increases from 51 to 
99 % at all surveyed speeds. This affects the 
dynamics of the automatic system when 
driven by a pneumatic cylinder. 

3. The difference of static and dynamic friction 
forces F at the relative humidity of 51 % is 
higher than that at the relative humidity of 
99 % with the speed changing from 5 to 10 
mm/s and vice versa when the speed 
changing from 30 to 100 mm/s. 

4. The great difference between static and 
dynamic friction forces F with the speed 
from 5 to 10 mm/s may cause the stick-slip 
motion phenomenon. At high relative 
humidity, the stick-slip motion 
phenomenon is smaller than that at low 
relative humidity. 

5. This study does not mention the working 
pressure of pneumatic cylinder to confirm 
the obvious effect of humidity on the 
friction. The behavior of friction in the 
pneumatic cylinder with different 
conditions of humidity, speed and working 
pressure is undergoing for further study. 
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