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Abstract — In general terms the mechanical systems (MS) 

mean the systems of driving and driven machines arranged 
to perform the required work. We divide them into MS op-
erating with constant speed and MS working within a range 
of speed. In terms of MS dynamics we understand the sys-
tem of masses connected with flexible links between them, 
i.e. systems that are able to oscillate. Especially piston ma-
chines bring heavy torsional excitation to the system, which 
causes oscillation, vibration, and hence their noise. Based on 
the results of our research,  the torsional vibration control 
as a source of given systems excitation, can be achieved by 
application of pneumatic couplings, or pneumatic tuners of 
torsional vibration. Existence of pneumatic couplings and 
pneumatic tuners of torsional vibration developed by us, 
creates the possibility of implementing new ways of  tor-
sional oscillating mechanical system tuning. Based on the 
above, the aim of the article is to present new ways of  dan-
gerous torsional vibration control of mechanical systems by  
application of pneumatic couplings and pneumatic tuners of 
torsional vibration developed by us. 

Keywords — torsion, oscillating mechanical system, pneu-
matic coupling, pneumatic tuner of torsional vibration, ways of 
torsional vibration control 

I. INTRODUCTION 

Any MS, in terms of dynamics, we understand the sys-
tem of masses connected with flexible links between 
them, i.e. systems that are able to oscillate. Piston ma-
chines, either drivers or driven units, bring to the system 
significant torsional vibration. This means that MS with 
internal combustion engines, compressors and pumps can 
be characterized as torsional oscillating mechanical sys-
tems (TOMS). In the range of operating speed there can 
be a very intense resonance between the driver frequen-
cies (reciprocating machines) and the natural frequencies 
of the system. Consequently, there comes to an excessive 
vibration and related excessive stress of the whole MS. 
The excessive dynamic stress often causes malfunction of 
various parts of the system, such as:   
� fatigue fractures of shafts, 
� gear failures, 
� deformation failures of flexible couplings and  the like. 

Therefore, it is necessary to control their dangerous tor-
sional vibration. 

Currently, the torsional vibration is reduced  to a per-
missible degree by appropriate adjustment, respectively 
tuning the system by application of an appropriately se-
lected  flexible coupling, based on a dynamic calculation. 
Thus the principle of tuning is an appropriate adaptation 
of the basic dynamic properties, particularly the dynamic 
torsional stiffness of the flexible coupling to the system.  

 The general characteristics of flexible couplings  in-
clude their dynamic torsional stiffness and damping coef-
ficient. It should be noted that, they are affected by mate-
rial (metal, rubber, plastics), shape, number and dimen-
sions of the flexible elements. It follows that they depend 
on various factors, which are divided into stable and un-
stable factors [1]. The shape, number, size and various 
structural modifications of flexible elements can be added 
to the group of stable factors, while the material of flexi-
ble members to the group of unstable factors, as a result of 
fatigue and aging which are changing their original char-
acteristics. By changing original properties there is a 
change of coupling characteristics Mk = f(φ) (with respect 
to initial characteristics), and thus a change of its basic 
characteristics, which has a largely positive impact on the  
magnitude of the dangerous torsional vibration of the me-
chanical system [1], [2], [3]. 

It should be emphasized that any linear or nonlinear 
flexible coupling  is only one characteristic, tightly cou-
pled to the used flexible element. In the case of a linear 
coupling it is only one characteristic of a constant dy-
namic torsional stiffness. Dynamic torsional stiffness of 
the nonlinear coupling varies in  some extent of its charac-
teristics, obviously dependent on the working mode of the 
system. Changing the characteristics of coupling due to 
appropriate dynamic tuning of TOMS means the use of an 
other coupling flexible element or other flexible shaft 
coupling.  

Influences such as: temperature of flexible coupling el-
ements and the number of cycles causes that, by effect of 
external forces any flexible member of the coupling is 
exposed to fatigue and aging. Consequently, there is a 
change of coupling characteristics, and thus a  change of 
its basic characteristic properties. This leads to the fact 
that a suitably tuned TOMS becomes untuned. A flexible 
coupling in this case does not  act as a tuner, but rather as 
a driver of  torsional oscillations. 

It should be noted that this method of tuning will be 
suitable only in cases where no previously unforeseen 
(random) effects occur during the operating mode, par-
ticularly in the turbo-machinery and reciprocating ma-
chinery [2], [3]. In case of random failure in an operating 
mode of MS a very intense resonance of lower harmonic 
excitation occurs, which is usually unexpected. Due to this 
fact, an intense torsional excitation causes increased tor-
sional vibration, mechanical vibration and hence  a noisy 
mechanism.  

The  torsional vibration control, based on the results of 
our research, is achieved by use of a pneumatic flexible 
coupling as well as by  application of pneumatic flexible 
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coupling with auto-regulation – pneumatic tuner of tor-
sional systems. 

The aim of this scientific paper will be presentation of 
the possibility to control dangerous torsional vibration  of 
mechanical systems by  ways suggested by us, by tuning 
and continuous tuning. Tuning of the given system is pro-
vided by  application of the pneumatic flexible coupling 
while continuous tuning (tuning during operation) of the 
system will be ensured by  application of the pneumatic 
flexible coupling with auto-regulation – pneumatic tuner 
of torsional vibration. 

II. PROPOSED WAYS TO  TORSIONAL VIBRATION CONTROL  
OF MECHANICAL SYSTEMS  

A change of the  pneumatic couplings torsional stiffness 
can be realized by changing the pressure of gaseous me-
dia, out of operation (Fig. 3) or during operation (Fig. 5) 
of mechanical systems. This leads to two proposed ways 
to  the torsional vibration control of mechanical systems 
[4]: 
�  the torsional vibration control of mechanical systems 

out of operation, ensuring the so called tuning of the 
system [5], [6], [7], [8],  

�  the torsional vibration control of mechanical systems 
during  operation, ensuring the so called continuous 
tuning of the system [5], [9], [11].  
Under the tuning of torsionally oscillating mechanical 

systems with pneumatic coupling we understand the infla-
tion space of the coupling compression  suitable  to pres-
sure value of the gaseous medium out of the operation 
system. The appropriate pressure value of the gaseous 
medium, and hence the appropriate value of the dynamic 
torsional stiffness of the coupling is based on the previ-
ously realized dynamic systems in terms of calculation of 
the torsional dynamics. The mechanical systems run dur-
ing  their entire operation with such inflated pneumatic 
coupling.  

The principle of the  torsional vibration control of the 
mechanical system during its operation at steady state by  
application  of torsional oscillations pneumatic tuner [2], 
[3] shows the adaptation of the basic dynamic properties, 
particularly the dynamic torsional stiffness of the tuner to 
the system dynamic . The basic principle of the pneumatic 
tuner is the ability to auto-regulate the twist angle due to a 
current change of the load torque on a predetermined con-
stant angular value φK . This will ensure the auto-
regulation of gas pressure in the compression space of the 
tuner, thus adapting it to the current value of the load 
torque.  

III.  CHARACTERISTICS OF PNEUMATIC FLEXIBLE SHAFT 
COUPLINGS  

The differential pneumatic coupling (Fig.1) consists of 
the driving part (1), driven part (2), between them there is 
located the compression space filled with gaseous me-
dium (air in our case). The compression space consists of 
three circumferentially spaced and interconnected differ-
ential elements. Each differential element consists of a 
compressed  (3) and expanded pneumatic-flexible ele-
ment (4). 

Interconnection of differential elements is provided by 
the interconnecting hose (5).  The filling of compression 
space of coupling through the valve (6) changes the pres-

sure p of the gas media in it. Varying pressure will ensure 
the fact that the coupling always works with different 
characteristics (Fig. 2), which is defined by the formula 
(1).  

 

Fig. 1.  Differential pneumatic flexible shaft coupling. 

 
To another characteristic  other characteristic properties 
always belong, thus still different torsional stiffness and 
damping coefficient. Therefore, each pneumatic coupling 
depending on the pressure is always defined by another 
course of the torsional stiffness  in Fig. 3, as described by 
the formula (2). 
                            ,.a.aM 3
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where: ϕ – twist angle of the coupling, 
 a0, a3 – constants of the coupling characteristics. 

The orsional stiffness, as the main component in the 
field of the mechanical system tuning has a decisive influ-
ence on the natural frequency of the system 

                               ,I/k red0 =Ω                              
(3) 

where: Ired – reduced mass moment of inertia of the me-
chanical system. 

It therefore follows the basic principle of the mechani-
cal system tuning by pneumatic couplings. Its basic prin-
ciple is to customize the natural frequency of the system 
Ω0 to the angular excitation frequency ω, so that in the 
range of the system working mode  there is no resonance 
condition ω = Ω0 and hence dangerous torsional vibration. 

The pneumatic tuner of the torsional vibrations (Fig. 4), 
which basic principle results from the patent claims [9], 
[11] is compared with the differential pneumatic coupling 
on a common structural base. The main difference is that 
it does not have the valve, but the controller (6) to ensure 
a coupling constant twist angle φk. The basic principle of 
the tuner is the ability to auto-regulate the twist angle due 
to the torque current load change  on a predetermined con-
stant angular value φk. This will ensure auto-regulation of 
the gaseous media pressure in the compression space of 
the tuner, thus adapting it to the current value of load 
torque. 
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Fig. 2. Courses of static characteristics of the differential pneumatic 
coupling a, b, c, d, e, f, g shown in the general version belong to pressure 

of the gaseous medium at p = 100 ÷ 700 kPa with 100 kPa.  

 

     

Fig. 3. Courses of the torsional stiffness k of the differential pneumatic 
coupling a, b, c, d, e, f, g shown in the general version belong to pressure 

of the gaseous medium at p = 100 ÷ 700 kPa with 100 kPa.  

 

Fig. 4. Pneumatic tuner of the torsional vibration. 

 
Auto regulation of he pressure of the gaseous media 

has a direct effect on the characteristics change of the 
pneumatic tuner (Fig. 2) Of course, for change of the tor-
sional stiffness value (Fig. 5), as a result, we can tune the 
natural frequency of the system. 

In  Fig. 5 there are in general terms shown the traces of 
the pneumatic tuner of the torsional vibrations and tor-
sional stiffness depending on the load torque. To each 
constant twist angle φk1, φk2, φk3 and φk4 based on a calcu-
lation one course of torsional stiffness labelled a, b, c, d is 
given. 

 

   

Obr. 5. Courses of the pneumatic tuner of the torsional vibration and 
torsional stiffness depending on the load torque M. 

 

IV.  THE RESULTS OF THE INVESTIGATION OF THE PROPER  
TUNING AND CONTINUOUS TUNING OF THE TORSIONALLY 

OSCILLATING MECHANICAL SYSTEM  

When investigating an appropriate tuning, or any con-
tinuous tuning of the torsionally oscillating mechanical 
system we mostly start from the Campbell diagram show-
ing the position of the critical speed nK (or the position of 
the critical angular frequency ωK) depending on the  rota-
tional speed frequency N (or natural angular frequency 
Ω0). 

Magnitude  of the torsional vibration for the tuning and 
continuous tuning of the system is mostly presented by: 
� courses of the dynamic torque amplitude excited by the 

torsional vibration in the mechanical system and hence 
to the  pneumatic coupling, depending on the speed.   

A. Characteristics of the realized torsionally oscillating 
mechanical system 

The examination of an appropriate tuning and continu-
ous tuning was performed on a realized torsionally oscil-
lating mechanical system (Fig. 6). The realized system is 
composed of the driving part (1), pneumatic flexible shaft 
coupling (3) and driven part (2). The driving part, formed 
by a DC electric motor type SM 160 L with a power of 
16 kW and an auxiliary thyristor controller of the rota-
tional frequency (4) type IRO with the possibility of con-
tinuous control from n = 0 ÷ 2000 min-1, using a pneu-
matic coupling that drives the exciter of the torsional vi-
brations represented by the three-cylinder compressor type 
3–JSK–S. To increase the impact of the compressor tor-
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sional excitation to the mechanical system we used a 
compressor without a flywheel. 

The load of the torsional oscillating mechanical system 
by the compressor will be adjusted (regulated) with throt-
tle valve (6) integrated into the output pipe of the com-
pressor. 

The analyzis  the pneumatic coupling load at work  of 
the mechanical system in the steady state will be investi-
gated by a schematic model of the realized torsional oscil-
lating mechanical system (Fig. 7). 

 

  

7  6  3  

4  

5  2  1   

Fig. 6.  Realized torsional oscillating mechanical system. 

 

                

Fig. 7.  Schematic model of the realized torsional oscillating mechanical 
system. 

 

When calculating the loads for the steady-state me-
chanical system within its operational mode, we suppose 
that the mechanical system is rotating at an angular speed, 
which varies in a wide range. On mass (1) with the mass 
moment of inertia I1  a load torque 

∑ ++ )..sin(. iiN tiMM γω acts. From the above it is clear that 

pneumatic coupling and thus the whole torsional oscillat-
ing mechanical system is loaded by both  unvariable with 
time medium torque MN in steady state and excitation of 
harmonic components Mi. On this basis  an additional 
component of dynamic torque Md is introduced in the 
pneumatic coupling. Thus pneumatic coupling will be in 
this case loaded with load torque  MS that causes the max-
imum twist angle φS: 

                            ,dNS MMM +=                            (4) 

The magnitude  of the additional dynamic torque calcu-
lated from the equations of motion (5) can be described by 
equation (6). 
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while dynamic coefficients θ , ξ  and phase angles βi , υi 
are described by formulas 
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Where for the damping coefficient 2.χ, natural angular 
frequency of the system Ω0 and separation margin η  it is 
applied 

,
11

..2
21








+=

II
bχ

      
   ,

11
.

21
0 








+=Ω

II
k         .

..

0 N

nii =
Ω

= ωη  (9)
 

B. Results of a proper tuning of  the  torsionally 
oscillating mechanical system  

The Campbell diagram according  Fig. 8 describes the 
tuning of the realized mechanical system by the tangential 
pneumatic coupling type name 4–1/70–T–C in the speed 
range n = 0 ÷ 2000 min-1. Operating mode of the system is 
defined in the speed range  n = 750 ÷ 1500 min-1.   

 

    

Fig.8. The Campbell diagram of the mechanical system with the applied 
tangential pneumatic coupling at the  constant pressure  p = 100 ÷ 

700kPa. 

 

The diagram shows the position of the critical speed, 
depending on the natural speed frequencies.  Those given 
pneumatic couplings are nearly linear, natural speed fre-
quencies are shown by the horizontal straight lines a, b, c, 
d, e, f, g for the entire range of the gaseous medium pres-
sure  p = 100 ÷ 700 kPa. Based on the diagram  it is possi-
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ble to say that the pneumatic coupling is capable to oper-
ate at all pressures of the gaseous medium (p = 100 ÷ 
700 kPa). 

On the other hand, in terms of the dynamic tuning we 
conclude that the pneumatic coupling is suitable for the 
given system in the pressure range p = 200 to 600 kPa. 
This is due to the fact that at the beginning of the opera-
tion mode at p = 100 kPa there is a resonance with the first 
harmonic component of the load torque speed n = 
820 min-1, while  at    p = 700 kPa  a resonance occurs also 
with the first harmonic component but at the speed n = 
1480 min-1.    

Based on the above  we  shall in  following focus on the 
dynamic tuning characteristics of the realized system by 
the tangential pneumatic coupling at the  pressure range   
p = 200 to 600 kPa. 

Based on the figure of the Campbell diagram it is pos-
sible to say that a given coupling extends from the range 
of operating speed harmonic series  i = 2 ÷ 12 The critical 
speed due to the main harmonic component (i = 3) at pres-
sures p = 200, 300, 400, 500 and 600 kPa appears at  the 
speed nK  = 330, 360, 405, 440 and 460 min-1. These val-
ues indicate that the realized mechanical system is well-
tuned with regard to the  operating mode beginning. This 
is confirmed by the separation margin η = i. n / N, which 
for the investigated pressures has relatively high values of 
η = 2,3 to 1,6 for the investigated pressures. At the same 
time we can see in the figure that the harmonic series i = 1 
extends in the range of the gaseous medium pressure p = 
200 to 600 kPa into operating speed range (OSR). It fol-
lows that when using the pneumatic coupling there is a 
resonance with a harmonic component at these pressures. 
Specifically, for the pressure p = 200, 300, 400, 500 and 
600 kPa resonances occur at speeds nK = 980, 1090, 1220, 
1330 and 1430 min-1. 

The tuning system  realized by the pneumatic coupling 
for one disabled cylinder with regard to the main (i = 3) 
and secondary (i = 2, 1) harmonics within  the operating 
speed (n = 750 ÷ 1500min-1) is characterized  in Fig. 9.  

 

 

Fig. 9. The dependence of the dynamic component of the torque Md at 
speeds in the range n = 0 ÷ 2000min-1 of the mechanical system on the 

tangential pneumatic coupling application with constant pressure at                          
p = 100 ÷ 700 kPa. 

 

The overall analysis shows that differential pneumatic 
coupling can be applied in the torsional oscillating me-
chanical system with a range of speed only in a fault-free 
case of work of the piston device. In case of faults caused 
mainly by the piston device (unbalanced excitation of en-
gine cylinders, one disabled cylinder) it is to  use  the lin-
ear coupling in mechanical systems with a range of  un-
suitable speed . The reason  of this is that, in this case, 
particularly lower harmonics cause increased amplitude of 
the mechanical load across the system (Fig. 9). 

The results indicate that the linear differential pneu-
matic coupling would be particularly suitable for the me-
chanical system operating with constant operating speed. 
     

C. The results of the continuous tuning of the torsionally 
oscillating mechanical system 

The result of continuous tuning of the system realized 
by a pneumatic tuner of the torsional oscillation type 4–
1/70–T–C is presented by the Campbell diagram  in Fig. 
10.  In the figure there are represented eight waveforms of 
the natural speed frequencies marked a, b, c, d, e, f, g, h, 
corresponding to a constant twist angle of the pneumatic 
tuner φK = 0,5 °; 1 °; 1,5 °; 2 °; 2,5 °; 3 °; 3,5 °; 4 ° and are 
characterized by a broken line.  

Based on the Campbell diagram it is possible to say that 
critical speeds by φK = 0,5 ° and 1 ° from the main har-
monic i = 3 of the load torque are in a sufficient distance 
with regard to the start of the operating mode (n = 
750 min-1) by the lowest pressure p = 100 kPa and also by 
the highest pressure p = 700 kPa. This fact is confirmed 
by the separation margin, which for that case has values in 
the range η100 = 2,3 and η700 = 1,51. At the same time we 
can see that within the operating speed range of the sys-
tem, particularly for the speed n = 1480 min-1,  a reso-
nance is at  the harmonic component series of i = 1 by φK 
= 0,5° and 1° of the pneumatic tuner with the maximum 
pressure value of the gaseous medium p = 700 kPa. Based 
on the above it can be concluded that the constant twist 
angles of the pneumatic tuner φK = 0,5 ° and 1 ° are not 
suitable for the realized system.   

By the minimum pressure value of the gaseous medium 
of the pneumatic tuner p = 100 kPa with φK = 1,5 °    a 
resonance occurs at  the harmonic component i = 1 at  the 
operating speed n = 850 min-1 . With rising pressure up to 
the maximum value  no resonance is at  the harmonic 
component i = 1. For example at  the maximum pressure 
the separation margin for i = 1 has a value η = 1,34. It 
indicates that the pneumatic coupling with φK = 1,5 ° is 
appropriate for the realized system except  the beginning 
of the operating mode. 

When using the pneumatic tuner with constant angles 
φK = 2 °; 2,5 °; 3 °; 3,5 ° and 4 °  no resonance is within 
the operating speed range of the realized system from any 
harmonic components of the load torque.  

The results  of the torsional vibration magnitude of the 
realized mechanical systems in the case of a disabled cyl-
inder are shown  in Fig.11. They are characterized by 
courses of the dynamic torque amplitudes Md depending 
on the operating speed in the range n = 0 ÷ 2000min-1. 
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Fig. 10. The Campbell diagram of the realized mechanical system by use 
of the pneumatic tuner of the torsional vibration type 4–1/70–T–C. 

    
It results from the overall analysis  in Fig. 11 that the 

lowest dynamic loads of the mechanical system in the 
range of the operating speed n = 750 ÷ 1500min-1 , are 
obtained at  constant twist angles of the pneumatic tuner 
of torsional vibration φK = 2°; 2,5°; 3°; 3,5° and 4°. It is 
caused by the fact that the pneumatic tuner in that case 
acts as a highly flexible pneumatic coupling, thus coupling 
with a relatively low torsional stiffness.  

The results indicate  that the pneumatic tuner of tor-
sional vibration will be especially suitable for mechanical 
systems working within a range of operating speed. 

 

     

Fig.11. Courses of the dynamic torque amplitudes Md depending on the 
operating speed in the range n = 0 ÷ 2000min-1 for the realized mechani-
cal system with application of the pneumatic tuner of torsional vibration 

V. CONCLUSION 

Based on presented results we can say that negative im-
pact of the dangerous torsional vibration is possible to 
reduce by application of classical flexible couplings. On 
this occasion it is necessary to note, that each linear or 
nonlinear presently used flexible coupling has only one 

characteristic. The change of the flexible coupling charac-
teristics, due to appropriate adaptation of its dynamic 
properties to the system dynamics  means to use a differ-
ent element of the flexible coupling or using a different 
flexible shaft coupling. In any case, it is not possible to 
forget the fatigue and aging of flexible materials, which 
finally have a major impact on the initial dynamic proper-
ties. Thus the unsteadiness of flexible coupling dynamic 
properties caused by aging and fatigue of their flexible 
elements and as well as the frequent failure rate of some 
other elements of the system causes the detuning of the 
tuned torsional oscillating mechanical system. In this case 
its tuning element, the flexible coupling, has no possibility 
to remove or reduce the increasing dangerous torsional 
vibration.   

Taking into account the given facts we propose to use 
the pneumatic flexible shaft couplings developed by us in 
order to reduce dangerous torsional vibration by optimal 
tuning or rather optimal continuous tuning of  torsional 
oscillating mechanical systems. Based on the presented 
results it is possible to say that presented differential 
pneumatic coupling, as well as the pneumatic tuner of the 
torsional vibration, fulfil all the requirements for their 
application in torsional oscillating mechanical systems. 
Based on the detailed analysis of the realized mechanical 
system we can say that linear pneumatic couplings are 
especially suitable for mechanical systems operating with 
constant operating speed. On the other hand, the pneu-
matic tuners of torsional vibrations will fulfil all the re-
quirements of  mechanical systems within a range of oper-
ating speeds.  
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