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ANALYSIS OF THE IMPACT OF FLEXIBLE COUPLINGS ON 

GEARBOX VIBRATIONS 
 

Summary. Dangerous vibrations of mechanical systems’ components are 

causes of failures and reduction in service life, as well lead to negative effects on 

the environment and the health of operators. In order to reduce these unwanted 

vibrations, it is necessary to pay attention to the proper design of components in 

mechanical systems. The aim of this article is based on the experimental 

measurements and demonstration of the effects of different types of flexible 

couplings on the size of vibration in a gearbox that forms part of a mechanical 

system. 
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1. INTRODUCTION 

 

In mechanical systems, in which gear mechanisms are classified, unwanted vibrations can 

be observed, for example, as a consequence of improperly designed, manufactured, assembled 
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and operated mechanical systems [1], [2], [3]. The main issue regarding the reduction of 

vibrations concerns an intense flow of information throughout the process of designing, 

manufacturing, installing, operating and diagnosing mechanical systems. Responsibility for a 

low level of vibrations cannot be delegated to a single designer, but should be owned by a 

team of professionals. The fulfilment of all targets to minimize vibrations is in the interests of 

those involved at the technical, legislative and subjective level. It is very important to 

properly associate the aforementioned fields of interest with the cost, durability and 

environmental impact of the measures taken [10], [11], [12]. 

Knowledge of the basic sources of excitation of vibration is one of the prerequisites for 

enabling a reduction in vibrations within mechanical systems. It should be remembered that, 

in addition to the known vibration exciters in vibration spectra, random vibrations may occur 

that we cannot prejudge in advance. Such random vibrations, however, could be an important 

source of information about the technical condition of the mechanical system concerned [6], 

[7], [8], [9]. 

Torsional vibrations represent a specific type of vibration, which are caused by the rotating 

components. By assembling machinery that produces torsional vibrations into a mechanical 

system, torsional vibrations follow the direction of energy flow and in turn become vibration 

exciters to other parts of the system. In many cases, serious failures are behind the cause of 

sources other than torsional vibrations. It is very important to pay attention to machines that 

produce torsional vibrations in order to minimize the impact of torsional vibrations within a 

mechanical system. A very appropriate solution for vibration reduction in mechanical systems 

is properly designed flexible shaft coupling. With properly designed flexible coupling can 

help mechanical systems achieve a minimum level of vibrations by appropriately tuning the 

revolutions produced by all members of the system. In our case, the interest is directed to a 

gearbox, which forms part of the examined mechanical system. Based on experimental 

measurements, we prove the effect of different types of flexible couplings on the size of 

gearbox vibration. In turn, we demonstrate the importance of appropriately tuning the 

mechanical system using flexible coupling [4], [5]. 

 

 

2. EXPERIMENT DESCRIPTION  

 

The experiment, which aimed to demonstrate the impact of the flexible couplings on the 

size of gearbox vibrations, was realized using the mechanical systems shown in Fig. 1. The 

aforementioned mechanical system consisted of a torsional oscillation exciter, which was a 

three-cylinder compressor. The compressor was driven by an electromotor with the possibility 

of variable speed control. The examined gearbox was included in the mechanical system 

between the compressor and the electromotor. It was an auxiliary gearbox with the gear ratio 

i=1, as used in automotive drive. The mechanical systems included other components 

necessary for diagnosing the mechanical system. 

The flexible couplings, which were used during measurements, were included in sequence 

between the gearbox and the compressor. Four types of coupling (shown in Fig. 2 to Fig. 5 

inclusive) were examined: pneumatic flexible coupling, Hardy coupling, Periflex coupling 

and claw coupling. 
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Fig. 1 Scheme of the mechanical system 

 

 
 

Fig. 2 Pneumatic flexible coupling 

 

 
 

Fig. 3 Hardy coupling 
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Fig. 4 Periflex coupling 

 

 
 

Fig. 5 Claw coupling 

 

 

3. EXPERIMENTAL MEASUREMENT RESULTS  
 

The experiments were carried out in an operating mode with a rotation speed between 200 

min-1 and 1,000 min-1. In this operating mode, the values of vibrations on the gearbox were 

obtained. The measured value of the monitored vibrations, which is known as RMS, is 

regarded as an effective value of vibration speed. In the case of using pneumatic flexible 

coupling to measure vibration values, air pressure between 100 kPa and 700 kPa, in terms of 

pneumatic elements of coupling, were applied. In Fig. 6 to Fig. 9 inclusive, diagrams have 

been constructed based on the measurements of RMS on the gearbox. As can be seen from the 

courses of RMS, the maximum value of the vibration in each case is at a speed between 500 

min-1 and 800 min-1. This maximum value of RMS corresponds to the speed value when the 

mechanical system starts to resonate from the main exciter’s harmonic component in the 

compressor. 
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Fig. 6 Measured value of pneumatic flexible coupling  

 

 
 

Fig. 7 Measured value of Hardy coupling  
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Fig. 8 Measured value of Periflex coupling  

 

 

 

Fig. 9 Measured value of claw coupling  

 

 

4. CONCLUSION 

 

Following the mutual comparison of the individual values of vibrations obtained from 

the measurements, we can state that, in the current case regarding all operating speeds of the 

mechanical system, the lowest vibration levels in a gearbox are achieved using pneumatic 

flexible couplings with a pressure of 300 kPa in their pneumatic flexible elements.  

Fig. 10 presents all RMS courses of each of the used couplings. The RMS course, which 

uses pneumatic flexible coupling, represents the line with a value of air pressure equal to 300 

kPa. As stated in this figure, we can observe that the size of vibration involving pneumatic 

flexible coupling equates to less than 700% in comparison with other couplings, especially in 

the area of resonance of the mechanical system. The aforementioned target detections, 

therefore, represent sufficient grounds to present our proposals for an appropriate coupling 

design for any mechanical system. In particular, the suitability of selected flexible coupling 
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can significantly protect individual parts of the mechanical system and thus increase their 

durability, as well as reduce their failure rate. 

 

 

Fig. 10 Measured value of all used couplings  
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