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Abstract. The article describes the change in temperature inside the 
elastic element when the pressure changes. These flexible elements are 
used in flexible pneumatic couplings developed at our workplace and are 
pressurized by a certain value of pressure depending on the transmitted 
torque. We test the given elements on a test rig designed at our workplace. 
It describes this device in detail in this article. On this device we test these 
elastic elements at different pressures. We find out how much influence the 
pressure value in the elastic element has on the change of temperature 
inside the element. We will find out whether the change in pressure also 
has a significant effect on the change in temperature and whether this 
temperature also affects the functionality of the device in which these 
elements are used.  

1 Introduction 
When designing torsionally oscillating mechanical systems, it is necessary to proceed in 
such a way that the adverse effects of torsional vibrations are eliminated as much as 
possible [15], [20]. At our workplace, we have been dealing with this issue for a long time, 
which is also related to the transmission of torque. During the transmission of torque, 
vibrations, torsional vibrations and noise arise [4,] [8], [10]. Therefore, it is important to 
prevent such mechanisms in some way so as not to damage some members or possibly 
damage the entire device [11], [12], [14]. To reduce the adverse effects of torsional 
vibrations, it is advantageous to use flexible shaft couplings. These make it possible to tune 
the torsionally oscillating system and adjust its stiffness, damping or mass parameters so 
that its dangerous resonant state does not occur during the operating mode of the system 
[18], [19], [27]. In the field of tuning torsionally oscillating mechanical systems, high-
elastic shaft couplings are currently used at our workplace. High-spring linear or non-linear 
shaft couplings are currently used in the field of tuning torsionally oscillating mechanical 
systems. [1], [2], [3]. 
These shaft couplings use flexible elements to transfer energy. These resilient elements 
are dynamically stressed and heat is generated as a result of this stress. These resilient 
elements are manufactured by different manufacturers with different mixtures of rubbers or 
complementary other materials. Rubber as a material is quite sensitive to heat, it is 
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important to find out what temperatures arise during operation in these elements and 
whether this temperature does not exceed the safe temperatures specified by the 
manufacturer. An increase in temperature can cause a change in the properties of the rubber 
and thus a change in the properties of the entire mechanical system in which they are used. 
The temperature of the elastic members affects the modulus of elasticity of the rubber in 
compression, the damping, relaxation, aging and fatigue of the rubber. We want to avoid 
this change because it is disadvantageous for us and is a potential source of failure for the 
entire device. 
At the Department of Structural and Transport Engineering of the FME TU in Košice, 
attention has been paid for a long time to the development and research of pneumatic 
flexible shaft couplings [9], [16], [7]. 
The aim of the article is to find out how the temperature inside the elastic element will 
change at different pressures in the elastic element during the dynamic stressing of this 
member.   

2  Examined elastic elements 
 
The There are various manufacturers of flexible elements in the world. Different sizes and 
different numbers of bellows are also produced. Most single-wave, double-wave and triple-
wave elements are produced Fig. 1. Different manufacturers offer different shapes of 
flanges to hold the flexible element. The air supply is usually routed through the center and 
the flange is anchored with four screws. The most commonly used single-wavy and double-
wavy elastic elements of Fig. 1b. but in cases that we need to achieve a larger stroke or 
compression, we can also use a three-wave element Fig. 1a. 

 

  
 

Fig. 1. Types of flexible pneumatic elements. 

 
These flexible elements are friction-free and require maintenance and lubrication. They are 
designed for low strokes and high pressures. The height of the pneumatic element depends 
on the diameter of the cylinder and the number of bellows. The higher the height of the 
element, the larger the dimensions of the pneumatic shaft coupling in which this element is 
mounted.  

  
 
 
 
 

 

 

2

MATEC Web of Conferences 357, 01006 (2022) https://doi.org/10.1051/matecconf/202235701006
MMS 2020



important to find out what temperatures arise during operation in these elements and 
whether this temperature does not exceed the safe temperatures specified by the 
manufacturer. An increase in temperature can cause a change in the properties of the rubber 
and thus a change in the properties of the entire mechanical system in which they are used. 
The temperature of the elastic members affects the modulus of elasticity of the rubber in 
compression, the damping, relaxation, aging and fatigue of the rubber. We want to avoid 
this change because it is disadvantageous for us and is a potential source of failure for the 
entire device. 
At the Department of Structural and Transport Engineering of the FME TU in Košice, 
attention has been paid for a long time to the development and research of pneumatic 
flexible shaft couplings [9], [16], [7]. 
The aim of the article is to find out how the temperature inside the elastic element will 
change at different pressures in the elastic element during the dynamic stressing of this 
member.   

2  Examined elastic elements 
 
The There are various manufacturers of flexible elements in the world. Different sizes and 
different numbers of bellows are also produced. Most single-wave, double-wave and triple-
wave elements are produced Fig. 1. Different manufacturers offer different shapes of 
flanges to hold the flexible element. The air supply is usually routed through the center and 
the flange is anchored with four screws. The most commonly used single-wavy and double-
wavy elastic elements of Fig. 1b. but in cases that we need to achieve a larger stroke or 
compression, we can also use a three-wave element Fig. 1a. 

 

  
 

Fig. 1. Types of flexible pneumatic elements. 

 
These flexible elements are friction-free and require maintenance and lubrication. They are 
designed for low strokes and high pressures. The height of the pneumatic element depends 
on the diameter of the cylinder and the number of bellows. The higher the height of the 
element, the larger the dimensions of the pneumatic shaft coupling in which this element is 
mounted.  

  
 
 
 
 

 

 

 

 
Fig. 2. Investigated flexible pneumatic element PE 130/1. 

 
The construction provides insulation against shocks and manufacturers also offer various 
types of anchoring flanges, which ensures easy assembly of the element. The working 
pressure is limited by the maximum working pressure which is 800kPa.Normal operating 
temperature is in the range of -40 °C to 70 °C. For special operations, the manufacturer can 
provide another material that has a working temperature in the range of -20 °C to 115 °C. 
For our research, we used a flexible pneumatic element PE 130/1. The marking itself 
defines the diameter of the cylinder D = 130mm and the number of bellows (Fig.2). We 
used a single-wavy element for our research. The temperature changes during the 
compression of the single-wave double-wave and triple-wave elements are very similar. 

3  Description of the test equipment 
 
We performed all measurements on a test rig located in the laboratory of our department. 
A diagram of a test device for measuring the temperatures of a separate pneumatic-elastic 
elementPE-130/1 is shown in Fig. 3. This device allows us to stress the elastic elements by 
dynamic stress at different speeds, and we can also change the amplitude of the stress in  
a certain range. 

 
 

Fig. 3. The scheme of the test apparatus for measuring the temperature.  
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The test device consists of a disassembly of the frame (1), in which the pneumatic-elastic 
element PE-130/2 (3) is mounted. This element is double-wavy and we use it in flexible 
pneumatic shaft couplings developed at our department. These elements are made of rubber 
cord material and can operate at a working pressure of 100-700kPa. The converter of rotary 
motion to rectilinear reciprocating motion (2) was also developed at our department and by 
simply changing the arm mounting we can change the amplitude of dynamic stress. To 
drive the entire device, we use a DC electric motor (4) type SM 160L with an output of 16 
kW with an additional thyristor speed controller type IRO with the possibility of a smooth 
change of speed from 0 - 2000 min-1. 
The electric motor can rotate in the range of 0 - 2000 min-1. We performed our 
measurements at three different speeds n = 400min-1, n = 600min-1 and n = 800min-1. 
Due to the rotation of the electric motor, the proposed mechanism consisting of two arms 
and one lever (2) performs an oscillating movement A. The speed of this oscillating 
movement depends on the speed and the amplitude of the oscillation depends on the grip of 
the arm (2). As a result of the oscillating movement, the flexible pneumatic element (3) 
performs a rectilinear reciprocating movement B. The measurements were performed at 
amplitude A = 5.6 mm. By changing the mounting of the arm (3), we can change the 
amplitude of the breaks. M-3870D METEX touch digital multimeters with ETP-003 
thermal probe: -50 - +250 °C were used to examine the temperature. Using them, we 
monitored the temperature of its inner surface Tin.The ambient temperature was T0 = 22 °C 
at the beginning of the measurement. The stated temperatures were recorded at times t = 1, 
2, 3, 4, 5, ... 29, 30 min at the set speeds, air pressure and deformation amplitude. 

4 Results of experimental measurements 
 
We performed all measurements on the test equipment Fig. 3. The course of the measured 
values can be seen in Fig.4, Fig. 5 and Fig. 6. 
We performed measurements successively at pressures of 0kPa, 200kPa, 300kPa, 500kPa 
and 600kPa and speeds of 400min-1, 600min-1 and 800min-1. Temperatures of the inner 
surface of the elastic element were recorded using a sensor at 0 to 30 minutes. We recorded 
the values every minute. After several measurements, we found that after 25 minutes, the 
temperature mostly stabilized. After 30 minutes, the temperature no longer changed and the 
courses were constant. 
The temperature of the inner surface Tin of the elastic element at the set amplitude A = 5.6 
mm and speed n = 400 min-1 varied in the range of 22.5 °C to 26 °C. At a pressure of 0 kPa, 
the value increased to25 °C and remained constant. The temperature of the inner surface of 
the surface of the elastic element at a pressure p = 200 kPa varied in the same way as at a 
pressure p = 0 kPa in the range 22.5 °C to25 °C. The temperature of the inner surface of the 
elastic element at a pressure p = 300 kPa acquired slightly higher values than at a pressure p 
= 0 kPa in the range 22.5 °C to 26 °C. The temperature of the inner surface of the elastic 
element at a pressure p = 500kPa varied in the same way as at a pressure p = 0kPa and p = 
200kPa in the range 22.5 ° C to 25 °C. At a pressure of p = 600 kPa, the temperature of the 
inner surface reached the lowest rise and only in the range of 22.5 °C to 24 °C. We can 
state that at speed n = 400min-1 it did not change much on a large scale and had rather 
a small tendency to decrease with increasing value of pressure. 
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Fig. 4. The course of the temperature Tin at different pressures and speeds 400min-1. 

 
The temperature of the inner surface Tin of the elastic element at the set amplitude A = 5.6 
mm and speed n = 600 min-1 varied in the range of 22.5 °C to 27 °C. At a pressure of 0 kPa, 
the value increased to 26 °C and remained constant. The temperature of the inner surface of 
the surface of the elastic element Tin at a pressure p = 200 kPa reached the highest value 
and varied in the range of 22.5 °C to 27.5 °C. The temperature of the inner surface of the 
elastic element at a pressure p = 300kPa acquired similar values as at a pressure p = 200kPa 
in the range 22.5 °C to 27 °C. The temperature of the inner surface of the elastic element at 
a pressure p = 500kPa reached a lower value than at a pressure p = 200kPa and p = 300kPa 
in the range 22.5 °C to 26 °C. At a pressure of p = 600 kPa, the temperature of the inner 
surface reached the lowest rise and only in the range of 22.5 °C to 25 °C. We can state that 
at speed n = 600min-1 the course of temperatures was similar to that at speed n = 400min-

1.The course of temperatures also tended to decrease with increasing pressure value. 
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Fig. 5. The course of the temperature Tin at different pressures and speeds 600min-1. 

 
In the next Fig. 6 we can observe the course of the temperature of the inner surface Tin of 
the elastic element at the set amplitude A = 5.6 mm and the speed n = 800 min-1 varied in 
the range of 22.5 °C to 29 °C. At a pressure of 0 kPa, the value increased to 28 °C and 
remained constant. The temperature of the inner surface of the surface of the elastic element 
Tin at a pressure p = 200 kPa reached the highest value and varied in the range of 22.5 °C to 
29 °C. The temperature of the inner surface of the elastic element at a pressure p = 300kPa 
acquired lower values than at a pressure p = 200kPa in the range 22.5 °C to 28 °C. The 
temperature of the inner surface of the elastic element at a pressure p = 500kPa reached an 
even lower value than at a pressure p = 200kPa and p = 300kPa in the range 22.5 °C to 27 °C. 
At a pressure of p = 600 kPa, the temperature of the inner surface reached the lowest rise 
and only in the range of 22.5 °C to 25.5 °C. We can state that at speed n = 600min-1 the 
course of temperatures showed the highest influence of pressure on the change of 
temperature. The course was similar to the speed n = 400min-1 and n = 600min-1. We can 
state interestingly the finding that with increasing pressure the temperature of the inner 
surface tends to decrease. 
Interesting waveforms are shown in Fig. 4, Fig. 5 and Fig. 6. On the given waveforms we 
can observe the change of the temperature of the inner surface Tin at different values of 
pressure (0, 200, 300, 500 and 600 kPa) and different frequencies of periodic deformations 
400, 600 and 800 min-1. Here we see the tendency of Tin to decrease with increasing air 
pressure value of the elastic element. This is because the increase in pressure should not 
affect the heat produced in the material of the flexible element and the heat produced by the 

 
22

23

24

25

26

27

0 5 10 15 20 25 30

 0 kPa

200 kPa

300 kPa

500kPa

600 kPa

t [min] 

Tin 
[°C] 

6

MATEC Web of Conferences 357, 01006 (2022) https://doi.org/10.1051/matecconf/202235701006
MMS 2020



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 5. The course of the temperature Tin at different pressures and speeds 600min-1. 

 
In the next Fig. 6 we can observe the course of the temperature of the inner surface Tin of 
the elastic element at the set amplitude A = 5.6 mm and the speed n = 800 min-1 varied in 
the range of 22.5 °C to 29 °C. At a pressure of 0 kPa, the value increased to 28 °C and 
remained constant. The temperature of the inner surface of the surface of the elastic element 
Tin at a pressure p = 200 kPa reached the highest value and varied in the range of 22.5 °C to 
29 °C. The temperature of the inner surface of the elastic element at a pressure p = 300kPa 
acquired lower values than at a pressure p = 200kPa in the range 22.5 °C to 28 °C. The 
temperature of the inner surface of the elastic element at a pressure p = 500kPa reached an 
even lower value than at a pressure p = 200kPa and p = 300kPa in the range 22.5 °C to 27 °C. 
At a pressure of p = 600 kPa, the temperature of the inner surface reached the lowest rise 
and only in the range of 22.5 °C to 25.5 °C. We can state that at speed n = 600min-1 the 
course of temperatures showed the highest influence of pressure on the change of 
temperature. The course was similar to the speed n = 400min-1 and n = 600min-1. We can 
state interestingly the finding that with increasing pressure the temperature of the inner 
surface tends to decrease. 
Interesting waveforms are shown in Fig. 4, Fig. 5 and Fig. 6. On the given waveforms we 
can observe the change of the temperature of the inner surface Tin at different values of 
pressure (0, 200, 300, 500 and 600 kPa) and different frequencies of periodic deformations 
400, 600 and 800 min-1. Here we see the tendency of Tin to decrease with increasing air 
pressure value of the elastic element. This is because the increase in pressure should not 
affect the heat produced in the material of the flexible element and the heat produced by the 

 
22

23

24

25

26

27

0 5 10 15 20 25 30

 0 kPa

200 kPa

300 kPa

500kPa

600 kPa

t [min] 

Tin 
[°C] 

gas itself, according to numerical calculations, does not have a significant effect on the 
mean heat balance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. The course of the temperature Tin at different pressures and speeds 800min-1. 

 

5 Conclusion 

 
The article describes the change in temperature inside the elastic element when the 
pressure changes. In this article, we have described the flexible elements used in 
flexible shaft couplings developed at our department. We performed measurements 
on equipment developed in our laboratories and described its basic parts and 
described the movements it performs. We performed measurements at amplitudeA 
= 5.6 mm and three different speeds of 400, 600 and 800 min-1. The aim of the 
article was to compare the effect of the temperature change of the inner shell of the 
elastic element at different pressures in the elastic element and therefore we 
performed measurements at different pressures. We also performed one 
measurement at a pressure of p = 0kPa, but this measurement did not show us any 
significant effects. Gradually, with increasing speed and increasing pressure, 
we noticed an important phenomenon. As the pressure in the elastic element 
increased, the temperature of the inner surface of the elastic element began to 
decrease. We noticed more significant changes at higher speeds. At a speed of n = 
800min-1, this process was better monitored than at a speed of n = 400min-1. 
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This phenomenon occurs due to the admission of the fact that either the 
deformation energy or the proportion of heat loss on its value depends on the air 
pressure of the elastic element. This may be due to the fact that the material of the 
elastic element is permanently stressed by a high tensile stress and the polymer 
molecules of its rubber shell are all the more regularly arranged. With periodic 
deformations, such large losses of deformation energy do not occur and the 
proportion of losses decreases. 
Another factor influencing the resulting temperature values is the rate of heat 
exchange between the gas and the rubber cord coating. This is significantly 
dependent on the gas pressure. When the pressure of the elastic element is higher, 
the heat dissipation rate is higher and therefore the resulting equilibrium 
temperature is lower. Both of these facts cause a surprising decrease in steady-state 
values of pressure temperatures. 
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