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Abstract. The study investigates controlled objects with a first order transfer function, which
are known to be the most common for further obtainment of controllers in closed loop
automatic systems. The transfer functions of compensating and non-compensating robust
regulators with the first and second order of astatism were obtained in the work by means of
the method of polynomial equations. Then the analysis of closed loop systems with controllers
was carried out by the analytical method of coefficient estimates by a characteristic polynomial
of the closed loop control system. The principle of the method lies in the obtainment of pattern
indexes and further analysis of change of these coefficients under variations of parameters of
the controlled object. The study results are presented graphically by means of the areas
allowing to determine a way of alteration of transient processes in the closed loop control
system under a variation of process parameters. The comparison of robust controllers with
traditional ones was performed. The study results were proved through the modeling of the
closed loop control systems under the influence of parametric disturbances of the controlled
object, which results in alteration of a tangible controlled object gain coefficient.

1.Introduction

Due to the simplification of the mathematical model of the controlled object as well as its exposure to
external factors, deviations from design values of the quality control indexes occur in the process of
implementation of a control over the tangible technological object. If the object parameters are
extremely deviated from the design values, the process can become too oscillating or unstable [1].

The robust controllers allow compensating an impact of unaccounted or hardly accounted external
factors affecting a control process, if deviation of the parameters from the design ones does not exceed
2-3 times [2-7]. Lots of studies are dedicated to the robust systems controlling different technical
objects [8-15].

Along with parametric, there occurs an effect of signal attenuation of disturbances influencing the
object. In this case a control system, preserving the quality of control at an acceptable level, can be
executed without making a regulator structure more complex [3, 5, 6].

2.Methods

A first order object model has been chosen for consideration. This model is used for presentation of
the controlled objects, either at an electric drive or at process facilities, such as heating furnaces,
regulation of separate process parameters during the rolling.
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The transfer function of the controlled object can be represented as follows:

W, () =7 :0+1’ o

where IZO and T, mean changeable parameters of object.

The algorithms of the controller operation were obtained using the method of polynomial equations
[3,7,16,17].

The analysis of a control process behavior was performed using the method of coefficient estimates
[6, 18, 19, 20]. This method allows carrying out the analysis of a system in an analytical way by a
characteristic polynomial of the closed loop automatic control system (ACS).

For the polynomial of the following kind

A(s)= as )
i=0
it is possible to compose indexes of a pattern 3, and of high-speed response t from its coefficients a, :
2
. B 3)
CRC Y 8

For configuration to a modular optimum, values of pattern indexes , =2 [3, 5]. When a value of
the pattern indexes increases and they achieve value J, =4, the process becomes non-periodic.

A general structural diagram of the robust system is presented in figure 1. The structure contains a
theoretical model of the controlled object W,, (s), a signal from which is compared with the tangible

one at the adder and the difference passes in the form of additional feedback to the controller input. An
error signal is counted by formula

e(t) =y(t)—yu (). (4)
0w, )| = W, (s) 1= () 29
L Y
W, (s) . _
' e(t) Figure 1. General structural diagram of
Wp(s) the robust ACS

In a schematic diagram the transfer function of the additional feedback is written as
I(D
Tps+1

Wo (s) = , ()
Where Kk, is a gain coefficient of the additional feedback; T, is a time constant of an additional
feedback.

3. Results
The Table 1 shows the transfer functions: of the non-compensating conventional and robust controllers
W, (s) , obtained by the method of polynomial equations with the system order 1 and 2 astatism
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(absence of offset), 1 and 2 refer to a first order of astatism, 3 and 4 refer to a second one; of a
correction link W, (s) .

Figures 2 and 3 show the charts of the pattern indexes (a shade lining shows areas , <2) and a
type of transient processes under a twofold parameter variation of an object 0.5<W <2, 0.5<t<2
(1 point: W =2; t=2; 2 point: W =0.5; t =0.5). While being compared, a system response rate and
an astatism order of the robust and conventional systems were chosen as equal, a ratio of time
constants is p=0.1. Relative values taken in Table 1 are:

T -k T
n=-—"-:s=Ts;W==2;d=-= (6)
T, H K, T,

where T, is a time constant determining a system response rate; T, is an estimated value of the

controlled object time constant.

Table 2 shows the transfer functions of the compensating controllers (5 and 6 refer to the first order
of astatism, 7 and 8 to the second one). In Figures 4 and 5 the results of the comparison of systems
with controllers 1-4, executed by means of modeling, are shown and the areas of pattern indexes
corresponding to the condition &, >2 are built. The modeling was carried out when increasing the

object parameters twofold.

Table 1. Transfer functions of non-compensating controllers.

Conventional ACS Robust ACS
T 2T -(1-p)-s.+1 1 s
1w, ()= o 2Tl 2”) , 2. W,(8)= | L1, wy(s) = EH
P ) 217 s, k, Lp l1-pds. +1
=21 1 1 t=1+d|1+ (i—j d=1
T= +M W_ M V\~/ 1
1 8(1—p)s? +4s, +1 1 2(1-p)s.+1
3. W, (s) = t=4 4.W,(s) = — S WS T2
&)= s § (=1 2s,
WD(S)Z 23*(5*4'“) , T=2(1+9j,
ds.[2(1-p)s. +1] 2
d=1
Table 2. Transfer functions of compensating controllers.
Conventional ACS Robust ACS
—s.+1 15 +1
" 2 1 1Ts +1 w
sw (=t 1 1 .2 6. W,(s)= 2>ty (g =H
k, 2s.s.+1 W k, T,s. +1 ds. +1
d=2
1s,le4 11 1 1s*+1 1 1
7.W,(s5)=F S*j ,T==+4 8. W, (s)=2 '
K, 8s: s.+1 u k, 2s.s.+1

Wo(s)=—2> 1=1ioid, d=2
2s. +1 n
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Figure 3. Level curves 6, =2 of pattern indexes for controllers 1, 2 (a) and 3, 4 (b).
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Figure 4. View of transient processes in conventional (a, ¢) and robust (b, d) systems
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Figure 5. Level curves 6, =2 of pattern indexes for controllers 5, 6 (a) and 7, 8 (b)

4. Conclusion

The analysis of the behavior of level curves of conventional and robust systems allows for the
following conclusion for all the considered options: the permissible variation range of controlled
object parameters is wider when using robust controllers with the structure depicted in figure 1, than
when using the conventional systems. This allows providing better stability for the pattern of the
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transient processes and system's high-speed response, which is proved on the given charts of transient

processes.
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