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Summary. A change in torsional stiffness of pneumatic tuners can be achieved
by changing the pressure of the gaseous medium in the course of the mechanical
systems' operation or while idle. Based on this statement, we tuned mechanical
systems with torsional vibration when they are either idle or when they reach
stable condition during operation. The principle of tuning mechanical systems
with torsional vibration during operation when their condition is stable lies in the
appropriate adaptation of basic dynamic properties (dynamic torsional stiffness
and damping factor) of the pneumatic tuner to the dynamics of the system. This
was achieved with a control system that helps create a closed control feedback
loop. In this way, we can continuously change, that is, adapt the dynamic
properties of the pneumatic tuner to the dynamics of the mechanical system so
that no dangerous torsional vibrations occur while the system is in operation
mode.
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1. INTRODUCTION

Change in the torsional stiffness of pneumatic tuners can be achieved by changing the
pressure of the gaseous medium, either in the course of operation or when the mechanical
systems are idle. This implies the two proposed ways of tuning mechanical systems with
torsional vibration (MSTV):

o tuning mechanical systems with torsional vibration when idle, thus ensuring the condition
of tuning the said systems.

o tuning mechanical systems with torsional vibration during operation when they are in
stable condition, thus ensuring the condition of continuous tuning of the said systems.

The principle of tuning the mechanical systems during operation when their condition is
stable lies in the appropriate adjustment of the pneumatic tuner’s basic dynamic properties
(dynamic torsional stiffness and damping coefficient) to the dynamics of the system. This is
ensured with a control system that helps create a closed control feedback loop. In this way, we
can continuously change, that is, adapt the dynamic properties of the pneumatic tuner to the
dynamics of the mechanical system so that no dangerous torsional vibration occurs during the
system operation mode.

The proposed methods of tuning mechanical systems are possible to apply due to the
control circuits and control systems, for which the author has been granted patent protection?,
and they can be implemented as follows:

e via a control system that ensures a continuous change in the characteristics of the
pneumatic couplings.

« by means of a control system that enables a continuous tuning of the mechanical system.

« by applying a pneumatic coupling with an additional control system.

« through static optimisation based on the method of extremal regulation.

« by using a self-regulating pneumatic coupling.

2. BASIC PRINCIPLE AND FOUNDATION OF STATIC OPTIMISATION OF
MECHANICAL SYSTEMS BASED ON THE METHOD OF EXTREMAL
REGULATION

As already mentioned, dangerous torsional vibration is very common in mechanical
systems driven by pistons, acting in the role of either the driving or the driven aggregates.
Intense torsional vibration causes excessive dynamic stress to the entire machine. For this
reason, a justified need exists to control dangerous torsional vibration in these mechanical
systems and the mechanical jitter generated thereby. Currently, this problem is solved by the
appropriate adaptation of dynamic properties of the flexible shaft coupling to the dynamics of

2CZ 259225 B6. A regulating system to ensure a continuous change in the characteristics of a pneumatic
coupling. Technical University, Kosice. (Homi$in J.). 11.11.1987. SK 276927 B6. Regulating system for
affecting continuous tuning of a mechanical system. TU Kosice. (Homisin J.). 07.06.1992. SK 279626 B6. A
mechanical system suitable for continuous tuning. TU Kosice. (Homisin J.). 07.06.1992. SK 278025 B6.
Flexible pneumatic shaft coupling with self-regulation capability. TU KoS$ice. (Homisin J.). 11.10.1995. SK
278272 B6. Pneumatic couplings with additional constant twist angle control. TU KoSice. (HomiSin J.).
03.07.1996. SK 278499 B6. Control circuit of mechanical systems with torsional vibration. TU Kosice.
(Homisin J.). 09.07.1997. PL 216901 BI1. Continuously tuned mechanical system. TU Kosice. (Homisin J.).
22.05. 2014 SK 288202 B6. Ensuring continuous tuning of mechanical systems by applying a control system. TU
Kosice. (Homisin J.). 12.06.2014.
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the system. This means that the mechanical system must be suitably dynamically tuned in
advance to the main harmonic componet of the piston machine.

The aim is to achieve the right resonance from the main harmonic component, that is, the
critical speed exists at a sufficient distance from the working speed range of the machine in
question.

However, the present tuning method will only be suitable if there are no unforeseen
(accidental) failure effects during the system's operating mode. That is, if there is no
mechanical failure, especially of the piston machine.

In the event of failure of the piston machine [1], [2], [3], [4], [5], [6] highly intense
resonance of components with minor — lower harmonic excitation occurs in the operating
mode, resulting in critical speed.

It can be deduced from the dynamic point of view that it is possible to characterise the
MSTV as systems most often operating in the supercritical region with relatively fast
transition upon their start up and shut down. In terms of control, however, they belong to a
group of controlled systems with incomplete information. Incompleteness of information is
manifested mainly in the area of unforeseen failure effects, that is, in the area of accidental
failures.

Drawing on the MSTV characteristics, as well as on the advantages and disadvantages of
the current solution to the given problem in the area of dangerous torsional vibration [7], [8],
we proposed to control the torsional vibration and the mechanical vibration generated thereby
through static optimisation (direct optimisation) based on the method of extremal regulation
during stable operating condition.

Our main criterion for optimising any MSTV is to achieve minimum torsional vibration
values and minimal mechanical vibration generated consequently.

In this respect, it should be noted that the static optimisation of MSTV by the method of
extremal regulation is currently, not being practically implemented at all. This is mainly due
to the fact that basic conditions have not yet been established for the possible implementation
of this method. However, the existence of a pneumatic torsional vibration tuner, that is, an
element that is able to change its basic characteristics during operation, in particular, its
dynamic torsional stiffness, provides all the prerequisites for enabling extremal regulation in
MSTV.

Implementing static optimisation in MSTV requires the following conditions be met:
< MSTV must meet the basic requirements for continuous tuning, that is, tuning the system

while it is running in a stable condition.
< It is not necessary to know the mathematical model controlling the MSTV to carry out

their static optimisation. Nevertheless, it is necessary to know whether the purpose

function of the system (function of input and output variables) has an extreme [9], [10],

[11], [12], [13], [14], [15], [16].

2.1. Characteristics and execution of continuous tuning of mechanical systems with
torsional vibration

Drawing on the nature of the patents®, it is clear that the system at hand must include a
pneumatic torsional tuner regulated by the control system® of Fig.1.

3SK 279626 B6. A mechanical system suitable for continuous tuning. TU Kosice. (Homisin J.). 07.06.1992. PL
216901 B1. Continuously tuned mechanical system. TU Kosice. (Homisin J.). 22.05. 2014 SK 288202 B6.
Ensuring continuous tuning of mechanical systems by applying a control system. TU Kosice. (HomiSin J.).
12.06.2014.
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Fig. 1. Schematic representation of the regulation of continuous change in the characteristics
of the pneumatic tuner by means of a control system.

Fig.1 is a schematic representation of the control system and a schematic representation of
how the pneumatic torsional tuner is controlled.

The control system (1) consists of a controlling (2) and an actuating subsystem (3). The
controlling subsystem (2) features a microprocessor (5) and a piezoelectric sensor of
mechanical vibration acceleration (4). The sensor (4), located on the mechanical system,
sends an electrical signal to the microprocessor (5), proportional to the system's mechanical
vibration. The actuating subsystem (3) consists of an electromagnetic switchboard (7), which
IS connected to the gaseous medium reservoir (8) via a control valve (6). By switching the
two-position electromagnetic switchboard (7), the microprocessor (5), which constitutes the
basic control component of the entire control system (1), causes it to move, thereby increasing
or decreasing the pressure of the gaseous medium in the compressive space of the pneumatic
torsional vibration tuner through the supply circuit P or discharge circuit T.

When the mechanical system operates in an unfavourable operating mode, the whole
system starts jittering due to the magnitude of torsional vibration, the acceleration of which is
measured by a mechanical vibration sensor (4). After the microprocessor (5) receives and
evaluates the electrical signal proportional to the system's mechanical jitter, the switchboard
(7) is switched to the supply position P or a discharge position T. As a result, the pressure of
the gaseous medium in the pneumatic elastic elements (9) of the pneumatic tuner's
compression space changes, which represents a continuous change in its basic dynamic
properties, that is, dynamic torsional stiffness, while the mechanical system is running.

The result of the operation of the control system is that, due to a continuous change in the
pressure of the gaseous medium in the pneumatic tuner, a change in its basic dynamic
property, that is, dynamic torsional stiffness is achieved. By changing the dynamic torsional
stiffness, the intrinsic frequency of the system changes, thus, adapting to the frequency of the
i-th harmonic component of the load torque so that the system does not operate in resonance
with any torque excitation component, that is, until the following condition is met:

Q, #io. @

4SK 6101 Y1. Flexible pneumatic shaft coupling. TU Kosice. (Homisin J.). 03.04.2012.

SCZ 259225 B6. A regulating system to ensure a continuous change in the characteristics of a pneumatic
coupling. Technical University, Kosice. (Homi$in J.). 11.11.1987. SK 276927 B6. Regulating system for
affecting continuous tuning of a mechanical system. TU Kosice. (Homisin J.). 07.06.1992.
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2.2 The trend of the special purpose function of the implemented mechanical system
with torsional vibration

As part of the basic requirements set out, in the static optimisation of MSTV implemented
through the application of extremal regulation, it is necessary to know in advance whether the
trend of the system's special purpose function will have an absolute or a relative minimum in
the set operating mode. With respect to the above requirement, the trend of the special
purpose function at the implemented MSTV was to be identified and verified. The trends of
the special purpose function were established theoretically, that is, by calculation, based on
the theoretical model and practically, on the basis of experimental measurements performed.

2.2.1 Special purpose function's trends established by calculation

The calculated trends of the MSTV special purpose function are shown in Fig. 2a, b, c.
They represent the resonance curve of the twist angle ¢4 of the pneumatic tuner dependent on
the pressure of the gaseous medium ps inside of it. The twist angle ¢4, expressed by relation
(2), characterises the output, that is, the controlled quantity, and the pressure of the gaseous
medium ps, the input, that is ps say, the action causing variable.

0 =Y @, sil(iwi+7,)+ ] 2)

The amplitude value of the harmonic component of the twist angle, expressed by (3),
mostly depends on the frequency ratio of the i-th harmonic component of the load torque and
the intrinsic frequency of the system (i.c/Q,).
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The intrinsic frequency kea /T red is influenced by the dynamic torsional stiffness,

which according to (4), is a function of the pressure of the gaseous medium ps in the
pneumatic tuner.
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Fig. 2. The trends of the special purpose functions of the dynamic twist angle ¢4 dependent on
the pressure of ps gaseous medium ps in the pneumatic torsional tuner.
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The trends of the special purpose function were construed at constant excitation speed n =
400 mint (Fig. 2a), n = 760 min! (Fig. 2b) and n = 1100 min* (Fig. 2c) with a simulated fault
variable characterised by uneven excitation of the individual compressor cylinders. In the
present case, it was understood that the first and third cylinders operate at 15% greater power
and the second cylinder at 15% less than the average power per cylinder.

Based on the above-mentioned trends of the special purpose function of the modelled
MSTYV, it can be stated that they have clear relative minimums.

2.2.2 Trends of the special purpose function of the system established experimentally

Practical measurements were made on the mechanical system implemented as per Fig. 3.
The trends of the dynamic load torque component were measured by a torque sensor (8) and
simultaneously, the jitter generated in the mechanical system was measured by a piezoelectric
sensor (12).

13 -4 i1 fo--[9
12

Fig. 3. Implemented mechanical system with schematic interconnection of the measuring
apparatus applied.

The measurements were made assuming balanced excitation of the individual compressor
cylinders at a constant speed of n = 760 min . The pressure of the gaseous medium in the
pneumatic tuner was changed during the measurements to the extent of ps = 0 + 700 kPa with
a change after 100 kPa.

After amplification by the amplifier (9) and filtering by the band frequency filter (10), the
electrical signal from the torque sensor (8) was recorded by a measuring tape recorder (11).
Similarly, the electrical signal from the piezoelectric sensor (12), located on the torque sensor
bearing housing, was simultaneously recorded by the tape recorder (11) after amplification by
the amplifier (13) and the band frequency filter (14).

The recorded signals were further processed by a narrowband spectral analyzer, with the
output in the form of the frequency spectrum characteristic trends of the Am dynamic load
torque component (Fig. 4) and the jitter amplitudes of the Acnx system (Fig. 5).
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Fig. 4. Frequency spectrum characteristic of torque load Am when applying a pneumatic tuner
with gaseous medium pressure ps = 400 kPa.
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Fig. 5. Frequency spectrum characteristics of the Acn amplitudg jitter when applying the
pneumatic tuner with the gaseous medium pressure of ps = 400 kPa.



22 J. HomiSin

From the results of the practical measurements, it is clear that the most significant
amplitudes were at the first, second and third harmonic components of the speed frequency.
Since the amplitudes of the first and second harmonic components were influenced by the
imbalance of the rotating parts and the misalignment of the shafts of the given system, the
evaluation will show the results of the frequency spectrum characteristics of the torque
amplitude Awm (Fig. 4) and the mechanical jitter of the Acn system (Fig. 5) shall relate to the
amplitude of the third harmonic component. The reason behind this is the fact that the third
harmonic component of the rotational frequency manifests itself mainly by the action of the
torsional vibration generated in the mechanical system (by the action of the excitation device,
in our case the compressor).

Amplitude curves of the load torque's dynamic component Av were processed from the
frequency spectrum characteristics obtained (Fig. 6) and from the Ach jitter amplitude (Fig. 7)
dependent on the pressure of the gaseous medium in the pneumatic tuner.

Auhb
[Nm) Ac |
50 [ms™1]
- 18
30
20 8
10
0 - 0 e
0100 300 B00 700 R[KPQ] 0100 300 500 700 p[kPa]
Fig. 6. The amplitude curve of the torque Fig. 7. The jitter amplitude curve of the
load dynamic component 4js dependent on implemented mechanical system Acy
the pressure of the gaseous medium p: in dependent on the pressure of the gaseous
the pneumatic tuner medium p; in pneumatic tuner

The trend of Fig. 6 or Fig. 7 is understood to be the trend of the output variable Am or Ach,
dependent on the input variable ps, hence, as a special purpose function of the implemented
MSTV. The figure shows that the dependence of Au = f(ps) and Acx = f(ps) has its minimum
extreme in the range of the gaseous medium pressures between ps = 200 kPa and 700 kPa.

2.2.2. Control circuit and control algorithm to ensure static optimisation of mechanical
systems with torsional vibration

Static optimisation of MSTV can be achieved by the method of extremal regulation by step
change in the action variable according to the control circuit as shown in Fig. 8°.

The control circuit (Fig. 8) consists of a controlled MSTV (1), a piezoelectric sensor of
mechanical jitter (2), which sends an electrical signal to an extremal controller (4),
proportional to the mechanical jitter of the Acn. Through built-in control algorithm (Fig. 9),
the extremal regulator processes the electrical signal and with the aim to search for the
minimum extreme, it controls the actuator (5), characterised in Fig. 1, through a two-position
electromagnetic switchboard (7). By controlling the actuator, we regulate the action variable
ps, that is, by supplying the gaseous medium or by discharging it, we increase or reduce the
pressure in the pneumatic tuner.

6CZ 259225 B6. A regulating system to ensure a continuous change in the characteristics of a pneumatic
coupling. Technical University, KoSice. (HomiSin J.). 11.11.1987.
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Fig. 8. A control circuit to ensure extremal control in a mechanical system with torsional
vibration.

It is obvious from the control algorithm (Fig. 9) that after determining the time between
two consecutive measurements A¢ and after determining the bandwidth of the controlled
variable v deadband, either the first value of torsional vibration Ar (ti-1) or of mechanical jitter
AcH (ti-1) is measured. After measuring another At (ti) or Ach (ti ) value, the static optimisation
of the MSTYV, controlled by the extremal regulation, will comply with the said algorithm.
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Fig. 9. Algorithm controlling the extremal regulation.
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3. RESULTS OF THE APPLICATION OF EXTREMAL REGULATION TO THE
IMPLEMENTED MECHANICAL SYSTEM WITH TORSIONAL VIBRATION

Fig. 10 shows the dynamic tuning of the implemented mechanical system by pneumatic
torsional vibration tuner, via the amplitude curves of the dynamic components of the twist
angle of the pneumatic tuner dependent on the speed (a, b, c). At the same time, the figure
also shows the influence of the secondary harmonic components on the magnitude of the
torsional vibration of the mechanical system, which is presented as dynamic characteristics
trends b, c.

Trend a shows the dynamic characteristic in case of a trouble-free operation of the piston
machine. The failure rate of the piston machine is shown as characteristics of the trend b, c.
The trend b characterises the failure of uneven excitation of the individual cylinders of the
piston machine (in the range + of 15%), while the trend c is characterised by the failure of one
cylinder that ceased to operate. The individual trends are processed in the above figure with
the pressure of the gaseous medium in the pneumatic tuner being ps = 700 kPa.

A A
[rad]

0,14 =3
0,12 |

0,10
0,08
0,061
0,04

0,02 : , i
0 T T T T T — o D
0 500 1000 1500 2000 2500

n[mirr "]
Fig. 10. Amplitude curves of dynamic components of the twist angle ¢4 of the pneumatic
tuner dependent on the speed n.

Fig.10 shows that the condition of removing the critical speed to a sufficient distance from
the operating speed range is met by the trends of all characteristics. This means that MSTV
has been suitably dynamically tuned in advance to the main harmonic component (i = 3) of
the torque load.

Within the operating speed range (n =1000 + 2500 min™), the dynamic characteristic is of
decreasing nature and the magnitude of torsional vibration, characterised by a dynamic twist
angle, ranges from ¢4 = 0,65° ~ 0,25°. This is due to the fact that, in case of trouble-free
operation of the piston machine, the secondary harmonic components (i=1 and 2) have a very
low torsional excitation potential. Their potential increases if failure of the piston machine
occurs (characteristics b, c). In the event of uneven excitation of the individual compressor
cylinders, at the critical speed locations for i = 2 , the magnitude of the torsional vibration
increases almost 13-fold compared to the failure-free operation of the piston machine, which
represents the dynamic twist angle ¢g = 1,15° (pa = 0,7° for i=1), while in the case one
cylinder is out of order, it reaches up to 60-fold value, which causes an increase in the
dynamic twist angle to ¢4 =4,1° (pa = 3° for i=1).

The momentary reduction of dynamic load by controlling the torsional vibration would be
of great importance for each MSTV in such cases.
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The presentation of how torsional vibration was controlled, as well as mechanical jitter of
the system at hand by static optimisation based on the method of extremal regulation was
performed under the following conditions:

e during stable operating mode of a given system, that is, at constant operating speed in the
range of n = 1000 + 2500 min™ characterised in Fig. 11 and Fig. 12 in positions (1) to (10).
e provided the piston machine fails when one cylinder stops working.

n A AN p
[mirr 1]
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1500+
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o

0 40 80 120 160 200 240 280 320 360 400
k. At

Fig. 11. The result of the static optimisation of the implemented system, characterised by the
change in the value of the action variable pS at the speed range n, dependent on the discrete

time k. At.
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Fig. 12. The result of the static optimisation of the implemented system, characterised by a

change in the value of the controlled variable AT, at the operating speed range n, dependent
on the discrete time k.At.

The results of the static optimisation are achieved by controlling the pressure of the
gaseous medium ps in the pneumatic tuner (Fig.11) and then regulating the torsional vibration
magnitude of the Ar system (Fig.12), that is, by stabilising it, particularly, in ten random
operating modes. Given that this is a simulation of extremal regulation, any change in the
working mode, that is, the operating speed is in this case at hand done by a jump.

Let us assume the MSTV operates, for example, in the fifth operating mode, characterised
by the speed ns = 2500 min?. In this case, the pressure of the gaseous medium in
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the pneumatic tuner stabilised at pss = 278 kPa and in terms of torsional vibration, the system
is stabilised when the value of Ars = 0,01 rad (0,57°). By changing the operating mode from
ns = 2500 mint to ng = 1400 min’?, the magnitude of torsional vibration increases from Ars =
0,01 rad to Ate = 0,03 rad (2°). Through monitoring the given system, the optoelectronic
sensor sends an electrical signal to the extremal controller. Based on the results of the control
algorithm (Fig. 9) of the extremal regulator, the pressure of the gaseous medium is reduced
from pss =278 kPa to the stable value of pss*=219 kPa. By varying the overpressure of the
gaseous medium, the dynamic torsional stiffness of the pneumatic tuner kq, is regulated,

resulting in a change in the system's inherent frequency Q, = \/k,, /1,,, - The amplitude value

of the dynamic component of the pneumatic tuner twist angle according to (2) depends
basically on the frequency ratio of the i - th harmonic component of the torque load and the
intrinsic frequency of the system (iw/(X). This means that the magnitude of the torsional
vibration of the mechanical system Ar, characterised by the dynamic component of the twist
angle, will depend on the change in the pressure of the gaseous medium in the compressor
space of the tuner.

In this particular case, the reduction of the pressure of the gaseous medium (pss to pse*) as
an action variable causes a reduction in the magnitude of the torsional vibration, that is to say,
the controlled quantity from the Are = 0,035 rad to the stable value of Are*= 0,025 rad (1,4°).

It can be inferred from the above that in the sixth operating mode, in terms of torsional
vibration magnitude, the MSTYV stabilised at the value of Ate* = 0,025 rad.

Since the parameters of regulating the system's dynamic characteristics are not yet known
(they are currently being established in experimental measurements), the values (n, ps , Ar)
are shown in Fig. 11 and Fig. 12, respectively, depending on the discrete time k.4t for 400
simulation steps.

4. CONCLUSION

Among other things, the results of this paper confirm that dangerous torsional vibration of
any mechanical system can be reduced to an acceptable level by suitably adapting the
dynamic properties of the pneumatic torsional tuners. This means that mechanical systems
with torsional vibrations need to be pre-tuned or tuned in advance. In order to tune the
mechanical systems with torsional vibrations, it is necessary to do a detailed dynamic
calculation in terms of torsional vibration. If powerful turbocharged diesel engines are used in
mechanical systems, the dynamic calculation is not sufficient only for balanced excitation of
the individual engine cylinders. It must be borne in mind that during a system operation
mode, unforeseen (accidental) fault effects may occur, most often characterised by a failure of
the piston device itself. The excitation of individual cylinders of the diesel engine is
practically uneven, and at the same time, a cylinder that stops working is a very frequent
failure effect of the piston device. As a result of this, there is a clear increase in torsional
vibration of the mechanical system and the entire device jitters. This causes increased
dynamic stress on the individual parts of the mechanical system and, in particular, of the
flexible shaft coupling, as being relatively the weakest part of the mechanism.

Reining in dangerous torsional vibration of mechanical systems operating with a wide
range of revolutions is currently done by using very flexible couplings with appropriately
chosen nonlinear characteristics. Only some types of flexible couplings are able to meet this
requirement because not all types of couplings enable reaching sufficiently low torsional
stiffness while maintaining sufficiently suitable strength properties. The torsional stiffness
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and strength properties depend on the shape of the elastic element and the material from
which the elastic element was made. At the same time, it should be noted that any linear or
non-linear flexible coupling currently used has only one characteristic. This fact then
translates into only one trend of its inherent speed frequencies in the Campbell diagram. To
change the characteristics of the flexible coupling to fit its dynamic properties with the
dynamics of the system means to use another element of the flexible coupling or to use
another flexible shaft coupling. In any case, fatigue and ageing of elastic materials cannot be
overlooked, which ultimately greatly affect the original dynamic properties of the coupling.
Thus, the transience of dynamic properties of elastic couplings caused by ageing and fatigue
of their elastic elements, as well as the frequent failure of some other members of the system,
causes the pre-tuned mechanical system with torsional vibration to misalign. In such a case,
its tuning member, that is, the flexible shaft coupling is in no position to eliminate or reduce
increasingly dangerous torsional vibration.

In view of the above and with the aim of tuning the mechanical systems with torsional
vibration to limit dangerous torsional vibration, we have proposed using the pneumatic
torsional tuners developed by us. These pneumatic tuners do not have one, but a whole range
of characteristics, as well as a range of the typical ones. The properties of these tuners are
mainly influenced by the change in the pressure of the gaseous medium in its compression
space.

Based on the results of the experimental verification, we noted that by changing the
pressure of the gaseous medium in the compressor space of the pneumatic tuner, change in its
dynamic torsional stiffness was achieved, which had a decisive influence on the system's
inherent frequency. The essence of the principle of tuning mechanical systems with torsional
vibration with pneumatic tuners lies in the adaptation of the intrinsic angular frequency of the
mechanical system to the excitation angular frequency, so no resonance condition emerges
during the system's operating mode and consequently, no dangerous torsional vibrations
occur.

Based on the results of the analysis of balanced excitation, uneven excitation of individual
engine cylinders and the failure of one cylinder, which stopped working, it can be stated that
the introduced pneumatic tuner has met all the requirements for its application in mechanical
systems with torsional vibration with constant operating speed and operating speed range. At
the same time, it was also confirmed that it is possible to reduce the unfavourable
consequences of unforeseen breakdown effects occurring in mechanical systems by
optimising the mechanical systems with torsional vibration as proposed. The optimisation in
question is a static optimisation of the mentioned system during operation in a stable
condition, which we proposed to ensure that by using the method of extremal regulation
through the step change in the action variable. The results of the simulation confirmed that the
static optimisation of the mechanical systems by using the indicated method translates into
reduction in dangerous torsional vibration in any mechanical system with torsional vibration.

Finally, it can be argued that the proposed manner of tuning (continuous system tuning) in
operation can be applied wherever the need to prevent dangerous torsional vibrations of
mechanical systems exists. The presented results confirm that these tuning methods can
contribute to increasing the technical level and operational reliability of all mechanical
systems with torsional vibration into which they are incorporated.
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