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Summary

Extremal control is an optimization performed by experimenting with optimised device directly
during operation. On our department we deal with the extremal control of torsional oscillating
mechanical systems by means of pneumatic flexible shaft couplings. The torsional stiffness of
these couplings and so the natural frequencies of torsional systems can be changed by adjusting the
air pressure in their pneumatic flexible elements. The goal of this article is to confirm, by methods
of technical diagnostics, the possibility of the use of extremal control in a laboratory torsional
oscillating mechanical system built on our department and present the function of an extremal
control algorithm developed by us. The function of extremal control algorithm is presented with a
simulation on a mathematical model of a built laboratory mechanical system.
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MOZLIWOSC REGULACJI EKSTREMALNEJ DRGAN SKRETNYCH

Streszczenie

Regulacja ekstremalna to optymalizacja wykonywana eksperymentalnie bezposrednio podczas
pracy badanego uktadu. W naszej katedrze zajmujemy si¢ regulacjg ckstremalng drgajacych
skretnie mechanicznych ukladéw zawierajacych waty potaczone za pomoca pneumatycznych
sprzegiet podatnych. Sztywnos$¢ skretna tych sprzegiet i czestotliwosci wlasne drgan skretnych
uktadu moga by¢ zmieniane poprzez regulacje ciSnienia powietrza w pneumatycznych elementach
podatnych. Celem niniejszego artykulu jest potwierdzenie metodami diagnostyki technicznej
mozliwosci wykorzystania ekstremalnej regulacji w laboratoryjnym drgajacym skretnie uktadzie
mechanicznym zbudowanym w naszej katedrze. Przedstawiono w nim dziatanie rozwijanego przez
nas algorytmu regulacji ekstremalnej. Efekty dzialania tego algorytmu regulacji ekstremalnej
sg prezentowane w artykule.

Stowa kluczowe: regulacja ekstremalna, drganie skre¢tne, pneumatyczne sprzegla elastyczne
faczace waty, optymalizacja

The necessary condition of extremal control in

On our department we deal with the extremal
control [7,9,10, 14, 15,16, 18, 19] of torsional
oscillating mechanical systems by means of
pneumatic flexible shaft couplings [3, 4, 5, 8, 11,
13]. This optimisation method gives us the
possibility to minimize the value of torsional
vibration in torsional oscillating mechanical systems
directly during operation by adapting the dynamic
properties of the oscillating systems to actual
operating parameters and failures. Big advantage of
this method is that we need not to know the exact
mathematical model of the system. We must know
only that the objective function of the mechanical
system has an extreme (for our case a local
minimum) [4, 6, 17] Objective function in torsional
oscillating mechanical systems is the value of
torsional vibration.

torsional oscillating mechanical systems is the use of
proper control element. Today’s the pneumatic
flexible shaft couplings developed on our
department are the only applicable control element
for this purpose, [4, 12]. The torsional stiffness of
these couplings and so the natural frequencies of
torsional systems can be changed by adjusting the
air pressure in their pneumatic flexible elements
[2,3]. In the term of extremal control the air
pressure in pneumatic flexible coupling is the
actuating variable [12].

The goal of this article is to confirm, by methods
of technical diagnostics, the possibility of the use of
extremal control in a laboratory torsional oscillating
mechanical system built on our department and
present the function of an extremal control algorithm
developed by us. The function of extremal control
algorithm is presented with a simulation on
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a mathematical model of the built laboratory
mechanical system.

2. INVESTIGATED MECHANICAL SYSTEM

Described torsional oscillating mechanical
system (Fig. 1) was built on our department for
research of torsional oscillation and mechanical
vibration [3, 12]. This mechanical system consists of
3-cylinder air compressor driven by DC
electromotor through pneumatic flexible shaft
coupling.

Operating speed of SM 160 L type electromotor
(1) is adjusted by a IRO type thyristor controller
(11). The 3-JSK-S type air compressor (2) has no
flywheel, hence the compressor has bigger dynamic
torque [1]. The load of mechanical system depends
on the compressors delivery pressure adjusted with
valve (8) on the pressure vessel (7). The torsional
stiffness of pneumatic flexible shaft coupling (3)
developed on our department can be adjusted during
operation by changing of air pressure in the
pneumatic elements of the coupling. Compressed air
is fed into the coupling from a pressure vessel of
couplings compressor (9) through valve (10) and air
input (6). Between the air input and electromotor
a torque sensor (J) is mounted.

Fig.1. Investigated torsional oscillating
mechanical system

3. OBJECTIVE FUNCTION OF INVESTIGA-
TED MECHANICAL SYSTEM

For the realization of extremal control is
necessary to know that the objective function of
mechanical system has an extreme (for our case a
local minimum) [3, 12, 17]. The objective function
of mechanical system described in previous chapter
is the value of torsional vibration. As value of
torsional vibration the effective value (RMS) of
measured dynamic torque signal was selected.
Rotational speed and delivery pressure of air
compressor are the operating parameters. The failure
was simulated by disabling one of compressors
cylinders (opened suction valve).

On Fig. 2 are shown the dependencies of
dynamic torque effective value on air pressure in
pneumatic  coupling for regular  operating
compressor and on Fig. 3 for compressor with
disabled cylinder [12]. The delivery pressure of
compressor was set on constant value 0,1 MPa.

The goal of torsional oscillating mechanical
systems optimisation is the minimization of torsional
vibration value in steady-state condition [4, 12]. So
we must find the optimal value of air pressure in
pneumatic coupling for actual operating speed and
failures, where the value of torsional vibration is
minimal. For measured values of torsional vibration
by constant speed the locations of minimums were
found. The locations of minimums were estimated
with parabolic interpolation method. The function of
optimal pressure is shown on Fig. 4.
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Fig.4. Optimal air pressure in pneumatic
flexible shaft coupling
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We can see that optimal pressure always lies
between 300 and 500 kPa for selected operating
speed range. The location of this minimum depends
on operating parameters and failures, therefore the
use of static optimisation with extremal control
method in this system is favourable [11, 12].

4. ALGORITHM OF EXTREMAL CONTROL
The algorithm of extremal control shown on

Fig.5 was developed on our department [3, 6, 12].
This algorithm takes into count the limitations of
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maximal and minimal air pressure in pneumatic
flexible shaft coupling (p..c and p,.;,). Always after
finding the interval of uncertainty (after passing the
optimal value) the pressure step Ap is reduced by
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Fig.5. Algorithm of extremal control
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5. SIMULATION OF EXTREMAL CONTROL

The objective function for extremal control
simulation (Fig.6) was created from measured
values of torsional vibration on our laboratory
mechanical system [12]. The simulation was
realized for regular operating compressor. The dead
band was set to x=0,1 N.m. The time step in this
simulation has no specific value. The initial

pressure step was 50 kPa. The objective function
was computed as fourth degree polynomial from
measured values for each simulated operating
speed. The range of operating air pressure
Pmin=350 kPa, p,,.,,=600 kPa) was selected so that
the objective function has only one local minimum
on that range.

Numerical values of extremal control
parameters after i-th step are shown in 7Tab. I.
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Fig.6. Simulation of extremal control

Tab. 1. Simulation of extremal control

i 1 2 3 4 5 11 12 13 14 15 16
FNh:qS] 15,94 14,64 | 14,19 | 14,46 | 14,24 | 14,19 | 12,75 | 13,61 | 12,75 12,48 | 12,59 | 12,49
[kFI)DSa] 600 | 550 | 500 | 450 | 475 | 500 | 500 | 550 | 500 | 450 | 400 | 425

n
[RPM] 600 | 600 | 600 | 600 [ 600 | 600 | 450 [ 450 | 450 | 450 | 450 | 450

i 24 25 26 27 28 32 33 34 35 36 37 38
[RN'\r/InS] 10,21(10,32 10,21 10,33 | 10,25 | 15,29 | 15,86 | 15,29 | 14,82 | 14,46 | 14,24 | 14,31
[kFI:’Sa] 425 | 475 | 425 | 375 | 400 | 400 | 375 | 400 | 425 | 450 | 475 | 525

n
[RPM] 350 [ 350 | 350 | 350 | 350 [ 600 | 600 | 600 [ 600 | 600 | 600 | 600

We can see that for each selected operating
speed local minimum of objective function (RMS)
was found in selected dead zone (k=0,1 N.m).

6. CONCLUSION

Based on our diagnostic results, the possibility
of extremal control in the torsional oscillating
mechanical system built on our department was
experimentally confirmed. The effective value of

dynamic torque selected as objective function has
in the operating range of air pressure in pneumatic
coupling only one local minimum, which is actually
the global minimum. The location of this minimum
depends on operating parameters and failures,
therefore the use of static optimisation with
extremal control method in this sytem is a great
advantage.



DIAGNOSTYKA, Vol. 15, No. 2 (2014) 11
HOMISIN, KASSAY, COPAN Possibility Of Torsional Vibration Extremal Control

REFERENCES

1. Chlumsky, V.. Pistové kompresory. Druhé
rozsirené vydani. Praha: SNTL, 1958.

2. Homi$in, J.: Moznost' realizacie extremalnej
regulacie v torzne mechanickych sustavach.
Automatizace. vol. 40, no. 5 (1997), p. 247-251.

3. Homisin, J.: Nové typy pruznych hriadelovych
spojok, vyvoj - vyskum — aplikacia, KoSice,
Vienala 2002.

4. Homisin, J.: Pneumatic flexible shaft couplings.
Transport Problems. vol. 2, no. 3 (2007), p. 63-
72.

5. Homi$in, J.: Comparison of application of
existing as well as in the future developed
flexible coupling in mechanical systems.
Pneumatyka. vol. 68, no. 3 (2008), p. 29-32.

6. HomiSin, J.: Tuning methods of mechanical
systems by means of torsional oscillation tuner
application. Pneumatyka. vol. 61, no. 6 (2006),
p. 32-35.

7. Homisin, J.: Regulacny systém pre zabezpecenie
plynulej zmeny charakteristiky pneumatickych
spojok. Patent €. 259225/87.

8. HomiSin, J.: Mechanicka sustava vhodna pre
realizaciu jej plynulého ladenia. Patent C¢.
276926/92.

9. Homisin, J. — Kassay, P.: Application of a
Developed Electronic System for Continuous
Tuning of Drives of Mechanical Systems and
Transport Devices. Transport Problems 2013,
24 - 25 June 2013, Katowice, Silesian
University of Technology, 2013 p. 176-182.

10.Kassay, P.: Basic terms and attributes of
extremal regulation. Mechanical Engineering
2006, Bratislava STU, 2006, s. 52.

11.Kassay, P: Algoritmus extremalnej reguldcie s
redukciou  kroku a jeho  overenie v
nasimulovanej torzne kmitajiicej mechanickej
sustave. Acta Mechanica Slovaca. ro¢. 10, ¢. 4-b
(2006), s. 49-54.

12.Kassay, P.. Optimalizacia torzne kmitajucich
mechanickych sustav metodou extremdlnej
reguldcie: Doktoranska dizertacné praca. Kosice
2008.

13.Kassay, P.: 2012. Effect of pneumatic flexible
shaft coupling on the size of torsional vibration.
Inzynier 21 wieku: 2 Miedzynarodowa
Konferencja  Studentéw  oraz ~ Mlodych
Naukowcow. Bielsko-Biala: Wydawnictwo
naukowe Akademii techniczno-humanistycznej,
2012, p. 99-104.

14.Kassay, P. — Grega, R. — Krajndk, IJ.:
Determination of objective function for extremal
control of torsional oscillating mechanical
system. Transactions of the Universities of
Kosice. ¢. 3 (2009), s. 17-20, ISSN 1335-2334

15.Kassay, P. — HomiSin, J.: Extremal control in
torsional  oscillating  mechanical  systems.
Machine Modeling and Simulation. - Zilina:

Scientific and Technical Society at the
University of Zilina, 2009, s. 155-160.

16.Kassay, P. — Gursky, P. — Urbansky, M. —
Neupauer, P.. Uvod do problematiky
prechodovych dejov v torzne mechanickych
sustavdach.  51.  Medzinarodna  vedecka
konferencia katedier cCasti a mechanizmov
strojov, zbornik referatov, 08.- 10.9.2010,
Kosice- Slovensky Raj, Kosice, C-PRESS, 2010
s. 119-124.

17.Kubik, S. a kol.: Teorie automatického rizeni II,
Optimalni, adaptivni a ucici se systémy, Praha,
SNTL/ALFA 1982.

18.Lederer, P.:  Teorie a  optimalizace
mechanickych systémii i, Praha, Edi¢ni stfedisko
CVUT 1988

19.RASTRIGIN, L.A.: Sistemy ekstramalnogo
upravlenija, Moskva, Izdatel'stvo NAUKA
1974.

Acknowledgement: This paper was written in
the framework of Grant Project VEGA:
»1/0688/12 — Research and application of
universal regulation system in order to master the
source of mechanical systems excitation”.

Prof. Ing. Jaroslav

HOMISIN, CSc.

is a university professor

nominated in the branch of

science “Machine Parts and

Mechanisms of Machines”

with professional

specialisation oriented to:

e optimisation of

A torsionally  oscillating

mechanical systems with an accent to the

control of dangerous torsional oscillations by
means of application of flexible shaft couplings,
namely by pneumatic flexible shaft couplings,

e diagnostics of torsionally oscillating mechanical
systems performed with regard to the
characteristics of torsional oscillation and
excited mechanical oscillation.

He is a graduate of the Faculty of Mechanical
Engineering of the former Technical College

(VST) of Kosice (in 1987). He defended his

dissertation thesis in 1990, his habilitation process

was finished successfully in 1997 and in March

2004 he was nominated as university professor.
Results of his scientific-research activities are

summarized in more than 195 original scientific

works published in domestic and foreign
professional journals, as well as in the form of
professional articles presented in many scientific
conferences and symposiums at home and abroad.

He is owner of 47 technical patents. There are also

another important and relevant publication outputs

of his professional life: 2 domestic monographs, 1

foreign monograph, 4 university textbooks and

several study textbooks.




12 DIAGNOSTYKA, Vol. 15, No. 2 (2014)
HOMISIN, KASSAY, COPAN Possibility Of Torsional Vibration Extremal Control

Ing. Peter KASSAY,
PhD.

Graduate of the Faculty of
Mechanical Engineering of
the Technical University in
Kosice. Nowadays he
works as a lecturer on the

) Section of Design and
) / Parts of Machines of the
2 Department of Design,
Transport and Logistics. He deals with the tuning of

torsional oscillating mechanical systems with use of
pneumatic flexible shaft couplings.




