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WERYFIKACJA EKSTREMALNEGO STEROWANIA DRGAN
SKRETNYCH

Streszczenie: Jednym z obszaréw badan realizowanych w naszej macierzystej Katedrze sa
zagadnienia sterowania ekstremalnego (regulacji ekstremalnej) drgan skretnych uktadéw
mechanicznych przy uzyciu podatnych watowych sprzegiet pneumatycznych.  Istota
postgpowania polega na mozliwosci biezacej zmiany sztywnoS$ci skretnej sprzegiet, a tym
samym czestosci drgan wlasnych potaczonych nimi watéw, poprzez zmiang ci$nienia
w pneumatycznych elementach spr¢zystych bedacych elementami sktadowymi tych sprzegiet.
Uktad sterowania ekstremalnego uzyskuje si¢ poprzez uzupelnienie zasadniczego uktadu
regulacyjnego cztonem optymalizujacym, ktérego zadanie polega na automatycznym doborze
warto$ci zadanej tak, aby uzyskana wielko$¢ sygnatu sterujacego zapewniata osiagnigcie
ekstremum warto$ci wielkosci regulowanej. W artykule przedstawiono algorytm opracowany
w celu realizacji sterowania ekstremalnego drgajacego skre¢tnie uktadu mechanicznego
zbudowanego w Katedrze. Jego dziatanie sprawdzono, bazujac na modelu matematycznym
opracowanego uktadu.

Stowa Kkluczowe: ekstremalne sterowanie, optymalizacja, podatne walowe sprzeglo
pneumatyczne, kompresor

VERIFICATION OF TORSIONAL VIBRATION EXTREMAL
CONTROL

Summary: At 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. Extremal control is an optimization
method performed by experimenting with optimized device directly during operation. The goal
of this article is to confirm the possibility of the use of extremal control in a laboratory torsional
oscillating mechanical system built at our department and present the function of an extremal
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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.

Keywords: extremal control, optimization, pneumatic flexible shaft couplings, compressor
1. Introduction

At our department we deal with the extremal control of torsional oscillating
mechanical systems by means of pneumatic flexible shaft couplings [2], [3]. 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.

The necessary condition of extremal control in torsional oscillating mechanical
systems is the use of proper control element. Pneumatic flexible shaft couplings
developed at our department are suitable for this purpose, [3], [4]. 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 [1], [2].
In the term of extremal control the air pressure in pneumatic flexible coupling is the
actuating variable [4], [6], [7].

The goal of this article is to confirm the possibility of the use of extremal control
in a laboratory torsional oscillating mechanical system built at our department
and present the function of an extremal control algorithm developed by us. The
function of extremal control algorithm 1is presented with a simulation
on a mathematical model of the built laboratory mechanical system.

2. Investigated Mechanical System

Described torsional oscillating mechanical system (fig. 1) was built at our department
for research of torsional oscillation and mechanical vibration [2], [4]. This mechanical
system consists of 3-cylinder air compressor driven by DC electromotor through
pneumatic flexible shaft coupling.

~ oo

Figure 1. Investigated laboratory torsional oscillating mechanical system

Operating speed of SM 160 L type electromotor (1) is adjusted by an IRO type
thyristor controller (11). The 3-JSK-S type air compressor (2) has no flywheel, hence
the compressor has bigger dynamic torque. The load of mechanical system depends
on the compressors delivery pressure adjusted with valve (8) on the pressure vessel
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(7). The torsional stiffness of pneumatic flexible shaft coupling (3) developed at 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 (/0) and air input (6).
Between the air input and electromotor a torque sensor (5) is mounted.

3. Extremal Control Algorithm

The algorithm of extremal control shown in fig. 2 was developed at our department

(2], [3], [4].
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Figure 2. Extremal control algorithm
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This algorithm takes into account the limitations of maximum and minimum air
pressure in pneumatic flexible shaft coupling (pa and p.in). Always after finding the
interval of uncertainty (after passing the optimal value) the pressure step 4p is reduced
by half until the difference of two consequent values x (value of objective function) is
smaller than dead zone A. After a number of pressure step reductions the pressure
oscillation around optimum value is eliminated. When the operation state of system
changes the pressure step 4p returns to initial value 4p. .

4. Objective Function

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) [2], [4], [5], [6],
[7]. 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).
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Figure 3. Effective value of dynamic torque (RMS)
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Figure 4. Optimum air pressure in pneumatic flexible shaft coupling

In fig.3 are shown the dependencies of dynamic torque effective value on air pressure
in pneumatic coupling for regular operating compressor and for compressor with
disabled cylinder [4]. The delivery pressure of compressor was set on constant value
0,1 MPa.
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The goal of torsional oscillating mechanical systems optimisation is the minimization
of torsional vibration value in steady-state condition [3], [4]. So we must find
the optimum value of air pressure in pneumatic coupling for actual operating speed
and failures, where the value of torsional vibration is minimum. 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 optimum pressure is shown in fig. 4. We can see that optimum
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

(3], [4].

5. Verification of Extremal Control Possibility

The objective function for extremal control simulation was created from measured
values of torsional vibration on our laboratory mechanical system [4]. The simulation
was realized for regular operating compressor. The dead band was set to x=0,1 Nm.
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, pmax=600 kPa) was selected so that the objective function has
only one local minimum on that range.
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Figure 5. Simulation of extremal control

Numerical values of extremal control parameters after i-th step are shown in tab. 1.
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Table 1. Simulation of extremal control

i 1 2 3 4 5 6 1 | 12 | 13 | 14 | 15 | 16
RMS [N.m] | 15,94 [ 14,64 [ 14,19 [ 14,46 [ 14,24 [ 14,19 12,75 [ 13,61 [ 12,75 | 12,48 | 12,59 | 12,49
ps [kPa] 600 | 550 | 500 [ 450 | 475 | 500 | 500 | 550 | 500 | 450 | 400 | 425
n[min] | 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
RMS [N.m] | 10,21 (10,32 [10,21 10,33 10,25 [ 15,29 [ 15,86 | 15,29 [ 14,82 14,46 | 14,24 [ 14,31
ps [kPa] 425 | 475 | 425 | 375 | 400 | 400 | 375 | 400 | 425 | 450 | 475 | 525
n[min] | 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

The possibility of extremal control in the torsional oscillating mechanical system built
at 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.
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