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BADANIE ELEMENTU SPRĘŻYSTEGO POD KĄTEM SIŁ 

POTRZEBNYCH DO JEGO ŚCIŚNIĘCIA 

Streszczenie: Artykuł opisuje elementy elastyczne stosowane w pneumatycznych sprzęgłach. 
Przedstawiono w nim wyniki badań dotyczących określenia niezbędnej siły wymaganej do 
ściśnięcia i rozciągnięcia elementów sprężystych w pneumatycznych sprzęgłach. Jako wynik 
badań wyznaczono energię niezbędną do odkształcenia elementów elastycznych stosowanych 
w pneumatycznych sprzęgłach. 
 
Słowa kluczowe: siła, odkształcenie, ściskanie, rozciąganie, pneumatyczne sprzęgło, ciśnienie 
robocze. 

INVESTIGATION OF THE ELASTIC ELEMENT WITH REGARD 

TO THE FORCES REQUIRED FOR ITS COMPRESSION   

Summary: The presented article describes the elastic elements, which are used in the flexible 
pneumatic shaft couplings. It investigates the forces required for compression and expansion of 
these flexible elements. This article also analyses and evaluates deformation energy required to 
change volume of the flexible elements that are installed in the flexible pneumatic shaft 
couplings. 
 
Keywords: force, deformation, compression, pneumatic element, shaft coupling, working 
pressure.   

1. Introduction  

The basic functional parts of the machine drives are: engine, coupling and gearbox. 
Our research team have been dealing with the shaft couplings for a long time. The 
shaft coupling is loaded due to acting of operational torque. The flexible shaft 
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couplings are very often used kind of the shaft couplings. They have some relevant 
advantages compared to the conventional fixed couplings. [ 1, 2, 3, 5]. 
At our workplace, our research team is dealing with the matters concerning the 
flexible pneumatic couplings and their torsional loading. There are commonly used in 
these couplings the pneumatic spring elements, which are compressed and expanded 
during their operation. This process enables transmission of the working torque. [8, 9, 
10, 12, 13, 15].  
By changing the pressure of gaseous medium in the flexible element it is possible to 
tune the torsionally oscillating system and also to adjust its stiffness, damping or mass 
parameters according to the operational characteristics. Thanks to these adjustments 
it is ensured that during operation of the given technical system there are not occurring 
dangerous resonances, which are able to cause a damage of the whole technological 
equipment or to cause operator injury. At present, the main attention is paid to 
development and research of the pneumatic flexible members, which are formed from 
a rubber-cord casing filled with a gaseous medium. [4, 6, 11]. These elastic elements 
are dynamically stressed. However, it should be noted that the operational loading is 
not transmitted by the rubber, but it is transmitted by the gaseous medium with which 
the pneumatic coupling is filled. [ 7, 14]. 
The main task of this article is to determine the values of forces required for 
compression or expansion of the flexible pneumatic element. This flexible pneumatic 
element is an essential part of the flexible pneumatic shaft coupling.  

2. Pneumatic flexible elements 

The flexible pneumatic elements are used in various pneumatic devices. There are 
known many manufacturers of the flexible elements in the world. Different sizes and 
different numbers of bellows are also manufactured. Mostly there are produced the 
single-wave, double-wave and triple-wave elements, Fig. 1. 

 

Figure 1. Different types of the flexible pneumatic elements  
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These flexible elements are friction-free; they require maintenance and lubrication. 
They are designed for low strokes and high pressures. The height of the pneumatic 
element depends on diameter of the cylinder and on number of the bellows. The higher 
is height of the element, the larger are dimensions of the pneumatic shaft coupling  
in which this element is mounted. The construction provides insulation against shocks. 
The manufacturers also offer various types of anchoring flanges, which ensures an 
easy assembly of the element. The working pressure is limited by the maximum 
working pressure level, which is 800 kPa. Normal operational temperature is situated 
in the interval from -40 °C to 70 °C. For the special purposes, the manufacturer can 
provide another material with the working temperature in the range from -20 °C to 
115 °C  [16]. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Investigated flexible pneumatic element PE 130/1 

In order to perform the research, it was chosen the flexible pneumatic element PE 
130/1, whereby the marking itself defines the diameter of the cylinder D = 130 mm 
and the number of bellows, Fig. 2. 

3. Measurement results 

The first step in the process of experimental measurements was investigation of 
change in the volume of the flexible pneumatic element depending on its compression 
and expansion.  

The volume values were obtained experimentally. Based on the measured values, it is 
possible to define a mathematical formula, which enables to describe the volume as a 
function of the stroke V = f(x), i.e. to define the corresponding equation, [10]: 

2 3( ) 468.6 5.436 0.0651 0.00162V x x x x= + ⋅ − ⋅ + ⋅ . (1) 

It is evident from the measured values that the volume has changed depending on 
deformation of the flexible element. 

When fully compressed, the value of volume was the smallest, only 373 cm3 and it 
gradually increased during release. In the neutral position, the volume was 460 cm3. 
The neutral position is such a state when the flexible pneumatic element is not pressed 
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or stretched. In the case of maximum compression, the volume value was the largest 
and it reached 570 cm3, according to Fig. 3. 

 

 

 

 

 

 

 

  

 

 

Figure 3. Dependence of volume on deformation of the pneumatic element PE 130/1 

The volume of the elastic element changes during compression and expansion of this 
element. The values of forces, which are required for compression and expansion of 
the flexible element, were obtained experimentally using the digital dynamometer 
Sauter FK (Fig.4) with the maximum possible force F = 1000 N and with the accuracy 
0.5N. The investigated flexible pneumatic element PE130/1 was inserted into this 
measuring device and in this way there were obtained the measured force values F 
and after then summarized in Table 1. 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Digital dynamometer Sauter FK 1000 with measuring apparatuses (Photo 

- own sources) 

The measured values of the forces were recorded using the Excel software and 
transformed into the form of graph in Fig. 5, which describes a dependence of the 
forces F on deformation x of the flexible element. Consequently, the applied software 
calculated and created a functionality (dependence), which is based on the measured 
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force values. This dependence is described by means of the values x (in mm) of the 
flexible element deformation, whereby this functionality was generated automatically 
using the above-mentioned software. 

Table 1. The values of forces depending on deformation 

x [mm] F [N]   x [mm] F [N] 

-19 400 1 -32 

-18 370 2 -48 

-17 341 3 -68 

-16 316 4 -84 

-15 290 5 -100 

-14 268 6 -116 

-13 246 7 -132 

-12 225 8 -149 

-11 204 9 -167 

-10 186 10 -186 

-9 167 11 -204 

-8 149 12 -225 

-7 132 13 -246 

-6 116 14 -268 

-5 100 15 -290 

-4 84 16 -316 

-3 68 17 -341 

-2 48 18 -370 

-1 32 19 -400 

 

The following Fig.5 illustrates the dependence of the measured force values on the 
flexible element deformation and it also shows the generated functionality F(x). 

 

 

 

 

 

 

 

 

 

 

Figure 5. Dependence of the measured force values on deformation, together with 

the generated functionality for the flexible pneumatic element PE 130/1 
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The generated functionality is described by a function F(x) where the stroke value x 
is given in millimetres. 

3( ) 18.153 0.00686F x x x= − ⋅ − ⋅ .      (2) 

This calculation allows to determine the amount of deformation energy ED in the 
pneumatic-elastic element for various deformation degree of the given flexible 
element. The exact definition of the deformation energy sounds: it is a such work, 
which has to be done in order to get the flexible body from a reference level of energy 
(i.e. from the “zero-level”) to the new determined level. 

0

( ) ( ') d '
x

DE x F x x= − .                       (3) 

The calculated values of the deformation energy are visible on Fig. 6.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Dependence of deformation energy on deformation of the elastic element 

PE 130/1 

Fig. 5 illustrates an increase of the force, which is required in order to compress or to 
expand the flexible element. The force gradually rises from the zero level to 400 N at 
maximum deformation of the elastic element. If the elastic element is compressed, the 
force is considered as positive, if it is expanded, the force goes to minus. 

Fig. 6 shows that with an increasing stroke the amount of deformation energy also 
increases, namely up to the value 4.32 J. When the elastic element is compressed to a 
maximum value of 20 mm, the amount of deformation energy reaches the same value 
4.32 J. 

It should be emphasized an important fact that the given values refer to an 
unpressurized open flexible rubber element. Thus, they really record only such forces 
and energy that are needed for deformation of the rubber. 
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4. Conclusion 

There is investigated in this article deformation of the elastic element, namely how 
the volume of elastic element is changing with regard to compression or expansion of 
it. 

The subject of the performed research was a single-wave flexible element PE 130/1, 
which is the most often used flexible element installed in the flexible pneumatic 
couplings that are developed by our research team. 

The volume of the elastic element changes from a minimum value at maximum 
compression to a maximum value at maximum expansion. 

The force, which is necessary for deformation, was experimentally measured by 
means of the digital dynamometer. The value of force required for compression and 
expansion of the flexible pneumatic element was changing proportionally to the 
volume changes. 

It is evident, from the Fig. 6 that the course of deformation energy, which is needed 
for compression or expansion of the pneumatic element, is non-linear; concretely this 
course is exponential. When the elastic element is compressed or expanded, it heats 
up itself and generates heat energy. Finding the amount of deformation energy is 
necessary for numerical solution of the heat conduction equation. The released heat 
energy is heating the rubber from which the elastic element is made in the whole 
volume and thus increases its temperature. 

 
The article was elaborated in the framework of the Grant Projects: VEGA 

1/0528/20, KEGA 006TUKE-4/2020.  
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