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Abstract

This paper contains methodology research for forming the control algorithm for a distil-
lation column, modeled as TITO (two-input two-output) process. Its modified form was
obtained by connecting the two parts, and this combination hasn't been applied for such a
industrial plant, until now. These parts include: a simplified decoupler which was first
designed and decentralized PID controller obtained using D-decomposition method for
such decoupled process. The decoupler was designed in order to make process become
diagonal, and parameters of PID controllers are defined for the two SISO (single-input
single-output) processes starting from relation between IE (integral error) criterion and
integrator gain, taking into account desired response characteristics deriving from tech-
nological requirements of controlled plant. Their connecting provides centralized control.
Analysis of the processes responses, obtained by the proposed algorithm and their com-
parison with the results from the literature, were performed after the completion of the
simulations. The proposed approach to the centralized controller design, beside its sim-
plicity of usage and flexibility in achieving diversity of process dynamic behavior, gives
better response characteristics, in comparison with existing control algorithms for distil-
lation column in the literature.
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Process industry abounds in plants like a distillation
columns. Therefore, their control attracts great
attention of researchers. Directions of improvement,
beside always accented system stability, robustness
and performance, go towards the simplicity of control
system implementation and its handling by operators.
Nowadays, it is mainly trying to achieve using the PID
controllers, so their tuning is subject of many researches.
There are a lot of methods for controller tuning taking
into account process multi-variability. Accordingly, the
distillation column has been modelled as a two-input
two-output (TITO) process. Some methods are used to
design a controller that simultaneously performs pro-
cess decoupling, i.e., interaction compensation, while
the other methods involve diagonal controller and sep-
arately designed decouplers. Because of the great
possibilities for comparison with the results presented
in the literature, which are listed below, as well as the
complexity of the model in terms of loop interaction
and time delays, binary distillation column (water—

Correspondence: S.Lj. Prodanovi¢, University of East Sarajevo, Faculty
of Mechanical Engineering, Vuka KaradZi¢a 30, 71123 East Sarajevo,
Republic of Srpska, Bosnia and Herzegovina.

E-mail: sasa.prodanovic77@gmail.com

Paper received: 26 March, 2016

Paper accepted: 22 June, 2016
https://doi.org/10.2298/HEMIND160326028P

—methanol) modeled by Wood and Berry [1] has been
taken into consideration in this paper.

Tuning method for finite number of SISO (single-
-input single-output) PI controllers is derived in [2] and
based on Ziegler—Nichols method, in the case that
input—output variable pairing problem has been already
solved.

The same number of decentralized relay feedback
tests as the order of process transfer function matrix
has been used, for the estimation of its frequency
response matrix [3]. Based on this matrix, decoupling
control is made, i.e., controller with Pl diagonal ele-
ments and PID off-diagonal elements is formed. Con-
sideration of the time delays and eventual non-mini-
mum phase zeros of the open-loops, was precondition
for decoupling control design based on internal model
(IMC) and model reduction, which simplifies theoretical
controller for easier usage in the practice [4]. A strategy
that is seen in the socio-political frameworks in imp-
erial struggle for colonies has been applied to achieve
the convergence of PID controllers’ parameters towards
their best values regarding integral absolute error (IAE).
This approach, called “Colonial Competitive Algorithm”
was used for multivariable PID controller design, which
decouples controlled process [5]. The inverted
decoupling within centralized control for TITO process
is another approach with Pl diagonal controller and
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filtered derivative compensators plus time delay as its
off-diagonal elements [6].

Besides the foregoing references relating to the
controller tuning methods, that contain process
decoupling action, the following gives an overview of
studies with emphasis on methods for separate
decoupler design. lterative tuning method for decen-
tralized PID controller and decoupler realized under
condition that the transfer function matrix of a gen-
eralized process is diagonal is shown in [7]. Often
utilized strategy is static decoupling, with decentralized
controllers designed through the integral gain maxi-
mization, by making a compromise between the per-
formance of the individual control loops and their
interaction [8]. A decoupler introduced in [9] enables
independent control of loops while decentralized Pl or
PID controller is formed using an iterative numeric
algorithm. An ideal PI decoupler, designed with res-
pecting condition that open loop transfer matrix become
diagonal, was approximated by the controller with four
Pl elements without time delay, and desired system
performance have been obtained by tuning propor-
tional gain [10]. One more control algorithm with inv-
erted decoupling is derived in [11], where PI controllers
are designed for separate control loops. It is note-
worthy that, besides aforementioned strategies for
distillation column control, whose variations were briefly
presented in the above listed papers, the research in
this field has various directions. For example, a neuro-
fuzzy model utilization for distillation plant control,
where ethanol is separated after corn starch ferment-
ation [12]. Further, a multivariable PID controller based
on Lyapunov quadratic index variation and character-
istic matrix eigenvalues has been formed for distillation
column control [13]. In recent times, the robustness of
the time-delay systems is very often emphasized, either
they are considered as a multivariable processes like in
[14-16] or as a SISO processes in [17].

Proposed algorithm involves combination of simp-
lified decoupler [11,18], and decentralized PID con-
troller design using D-decomposition method [19-25]

with introduced possibility to emphasize, i.e., to con-
strain, some indicators of process behavior. Namely,
two independent PID controllers for time-delay system
are designed in this paper. Due to complexity of the
transfer function of process with delay time, approx-
imation of delay time is performed, i.e., that process is
described by high-order process of finite dimension
[26]. One of the contributions of the present paper is
solution how the PID controller parameters estimation
for high-order linear systems of finite dimension can be
effectively applied to the system with a time-delay
which is of infinite dimension. Another contribution,
especially in relation to the reference [22], is reflected
in the introduction of derivative term and therefore
complete PID controller design, unlike [22], where PI
controller was designed in the K,—K; parameter plane.
In this research K,—Ky parametric plane is formed for
the PID controller parameters estimation, while integ-
ral gain K; is observed as one of the parameters that
meets the requirement of minimum IE (integral error)
criterion.

The rest of the paper has been arranged as follows.
In section Decoupler design method for decoupling of
distillation column process has been applied, while
section Controller design shows an adapted PID con-
troller design method that uses criteria defined by
desired characteristics of given technological process.
Section Results and discussion contains the proposed
algorithm for the distillation column control, with ana-
lysis and discussion of the results obtained by numer-
ical simulation of this multivariable system. Conclusions
and possibilities for extension of proposed method
application are given in the homonymous section.

DECOUPLER DESIGN

Well-known decoupling control structure is shown
in Figure 1.

In this approach, the goal of 2x2 process decoupling
is to obtain two independent SISO systems and it is
necessary to design PID controllers for them.

n +

Diagonal |
| controller :

dals)

da(s)

I

Figure 1. Centralized control as a combination of diagonal decentralized PID controller and decoupler [10].
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The general form of 2x2 process transfer function
matrix is:

G(s):{gll (s) 912(5)} (1)

921(5) 92 (s)

while general expression for its decoupler is given by
Eqg. (2):

D(s):{dn(s) 312(5)} 2)

dy, (5)

Independent SISO systems that should be deter-
mined are, in fact, the diagonal elements of the pro-
duct G(s)'D(s) as a diagonal matrix.

Therefore, configuration in Figure 1 has to take the
form like in Figure 2.

rn + e1 U1 V1
—> k(s) —» qu(s) >
rh + _ e up Y2
— ka(s) > qafs) >

Figure 2. Decoupled system presented as two separated
closed loops.

Diagonal matrix (apparent process) follows from Eq.
(3) [11]:

Q:{gn glz][du d12:|:

90 G [dyn dpn

|:911d11 +0120y  9udip + g12d22:| _ {‘h 0 }
021011 + 920y Gx1d1, + 95005, 0 a9,

(3)

Laplace operator s was omitted in the Eq. (3) to
make it shorter.

Simplified decoupling, of course, enables simpler
expression for decoupler, but more complicated exp-
ression for the mentioned diagonal matrix (3), is given
by:

Q(s){gn(S) 01y S)H 1 dul(S)}:

(
921(5) 92a(s)] | da(s)
0 als)- L2l

g,,(s)

Egation (4) presents TITO process as two indepen-
dent SISO processes. They are used for controllers
design, that need to control separate outputs.

CONTROLLER DESIGN

Controller, that should be design for the 2x2 pro-
cess is given by Eq. (5):

ki(s) O
R
+&+de

Ko

0 Koy

+&+Kdzs

s

Where are K,; and K, are proportional gains, K
and Ki, are integral gains, Ky; and Ky, are derivative
gains for the first and second closed loops, respectively.
Elements gi(s) and g,(s) of apparent process (3) can
often be of high order. Therefore, procedure proposed
in [22], where tuning begins from the condition which
establishes a direct relation between the IE criterion
and integrator gain (higher integrator gain gives smaller
value of IE criterion), has been adapted and applied in
this research. The result has been extended by intro-
ducing the engineering specifications (relative stability
and the settling time). In contrast to the [22], the main
contribution of this paper is the introduction of deri-
vative term, i.e., member Kgs, in the controller transfer
function. In accordance to that, the estimation of the
controller parameters is performed in the K;—Ky para-
metric plane under the condition that the integral gain
K; satisfies the requirement of minimum IE criterion
(Kimax= 1/1Emin). So, while in [22] K,—K; parametric plane
was in the focus, here, K,—K; parametric plane is
formed for the different damping coefficients & where,
beside the natural frequency a,, integral gain K; is para-
meter that is beforehand determined for the desired
damping coefficient. This approach enables simple and
efficient procedure for diagonal decentralized PID con-
troller design for high-order systems, which can be
applied without difficulties to the time-delay systems
using Padé approximation of order n.

The transfer function of a SISO process obtained
after decoupling is represented by:

q(s)= )=:—, m<n (6)

k=

o

In Eq. (6) ax and by are numerator and denominator
coefficients of the transfer function, respectively.

The characteristic equation of one closed loop sys-
tem in Figure 2 is determined by Eq. (7):

f(s)=1+k(s)g(s)=0 (7)
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Joining Egs. (5)—(7) gives Eq. (8):

_ K; N(s) _
f(s)_1+(Kp +?+dejM(s) =0 (8)
It follows that:
f(s):sM(s)+(de2 +Kps+K,)N(s):0 (9)
After invocation of:
fi(s)=sM(s) = s (10)

k=0

into Eqg. (9), the final expression for the system char-
acteristic equation in the complex domain is obtained.

£(5)= £y (s)+(Kas® +Kys+K JN(s) =0 (11)

Consequently, it is necessary to express the Laplace
operator s in a suitable form and through it, establish a
relation between the damping coefficient & and vari-
able controller parameters Ky, K, and K; contained in
the characteristic Eq. (11). So, region from the “s” plane
under straight line &£ = const. (Figure 3), is mapped into
the region of the corresponding damping coefficient,
represented by curve for the & = const. in the para-
meter plane of the adjustable controller parameters
(Ka,Kp).

4 Im (s)
X
/ OQ’C =0
/ ® nmax
/ ®
/ &y \
/ *
! D nmin
'l * 0 3 ©
e " # >
|‘ S * © * R . (S)
\\ * O nmin
\
\ Om
‘—
)/ ® nmax

Figure 3. Region with required settling time and relative
stability [22].

Knowing that:

s=-a,+jo1-E, E=cosh (12)

Where w, is natural (undamped) frequency, and o,
(Figure 3) is real part of the transfer function poles.
Introducing of Eq. (12) into Eqg. (11), gives system
characteristic equation as:
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&) kol (26 1) {261 |}«

(13)
+K, (—fa)n +joA1-& )+K,]N(§,a)n )=0
where
i a)=a(éa)+iB(é o) (14)

In Eq. (14) A& a,) and A& @,) are real and imag-
inary part of polynomial fi(&a,), respectively. These
are expressed through the Egs. (15), (16) and (18):

a(‘f'wn):Zn:ak—l(_l)kwrl:Tk(‘f) (15)
k=1

B(& @)=\1-& zak—l(_l)kﬂwfuk(g) (16)
k=1

Expression:
Blé@)=Y aci (1) au, (&) (17)
k=1

is introduced because of the shorter writing. Now Eq.
(16) becomes:

B(&,@,)=y1-&°B(¢,@,) (18)

Ty and U, are Chebyshev functions of the first and
second kinds. Following recurrent equations hold for
them:

Te1 =28T =Tiq, Uy =280, U4 (19)
T,=1, T,=( Up=0, U =1 (20)
N(E a)=7(¢ m,)+i0(E @) (21)

K¢ @) is real, and A& @,) is imaginary part of poly-
nomial N(& @,) and they are determined based on Eq.
(22), (23) and (25):

r(é )= ibk (-1) @7 (&) (22)
k=0
5(&,m)=\1-2 b, (-1 afu, (£) (23)
k=0

into Eq. (23) gives Eq. (25):
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5(&,@,)=1-ED(¢,m,) (25)

Connecting Eq. (14)—(25) with Eq. (13), and there-
after suitable mathematical transformations and separ-
ating the real and imaginary parts, enables the follow-
ing system of equations:

Kd(f,wn)a),f(zfz—1)—Kp(§,wn)§wn=
“(&0)r(Ea)+ AlEa)d(Em)

7 (&,0,)+6°(&,m,)
ki ($,@,) (26)
2, (&0, FE-K, (£:0,) 0, =
__a(6,@,)0(g, @) +7(5,@)B(S, @)

7 (6 @)+8 (¢m)

Solving a system of Egs. (26) at w, # 0 and 0 < £<1
provides expressions for the parameters of the PID
controller Ky, K, and K; respecting the requirement that
the integral gain meets the minimum of IE criteria, with
a limit on the required damping coefficient of the
closed loop. Aiming simplicity, this process is supported
by MATLAB software. From the system of equations
(26), for w, = 0, the singular straight lines described by
Eqg. (27) are defined:

Ki(£,0)=0 (27)

Graphic interpretation of Eq. (26) is curve in (K;—Ky)
parametric plane for the selected damping coefficient
under the condition that the integral gain K; meets
minimum of IE criterion. This curve and singular
straight lines given by Eq. (27) represent enclosed area
of possible solutions for the PID controller parameters.

12.8¢°  6.4(14.4s+1)e”

0
16.;S+1 2 + =+

0

128 . 189

6(s)=| 1675+ 21s+1 (29)
66 7 194
10.9s+1 14.4s+1

Here are outputs (controlled variables): Xp(s) — per-
centage of methanol in the distillate, Xs(s) — percentage
of methanol in the bottom products, while mani-
pulated variables are: R(s) — reflux flow rate and S(s) —
steam flow rate in the reboiler. Therefore, the concrete
example was taken for testing and analysis of the
centralized control as a combination of simplified
decoupling and diagonal decentralized controller, that
consists of two PID controllers tuned by D-decom-
position method. Accordingly [11], decoupler (30) has
been calculated using simplified decoupling procedure.
Its elements for the considered process (29) are given
by Eq. (31):

1 -g5,(5)
1 d s
D(s):{ 12(5)}: 911( ) (30)
d21(5) 1 _921(5) 1
922(5)
16.7s+1 _,,
d =1.47——
12(s) 2s+1 -
14.4s+1 _,,
d =034— 31
u () 109541 (1)

For the explored distillation column (29) a diagonal
matrix (4), that represents system without interactions,
i.e. whose diagonal elements are transfer functions of
two independent SISO systems, is given by:

(32)

19.4¢ 9.7(16.7s+1)e™>*

14.4s5+1 228.9s®+31.9s5+1

RESULTS AND DISCUSSION

Mathematical model of binary distillation column
(water-methanol) is formed by Wood and Berry [1].
Since the model was proven as a good, it is extensively
used, during recent decades in many investigations, as
an object for checking the effectiveness of various
control algorithms. It was experimentally obtained and
expressed by Egs. (28) and (29):

ool

Taking into account the structure in Figure 2 PID
controllers are designed, i.e. more precisely PID 1 for
gi1(s) and PID 2 for g,(s). In order to enable the design
of K,—Ky parametric plane and taking into account the
structure and complexity of the transfer functions given
by Eq. (32), approximation of time-delay system with
the system of finite dimension was necessary. Approx-
imation of delay was carried out using fourth-order
Padé approximation, for the frequency range @, €
(0-1.2) rad/s, which is necessary for the design of K,—Kj
parametric plane. The results of this approximation are
presented in the frequency domain in Figures 4 and 5
using MATLAB software. These figures show excellent
agreement of frequency characteristics for the selected
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Gm = 4.3 dB (at 0.709 rad/s), Pm = 94.6 deg (at 0.451 rad/s)

10r

exact time-delay system
fourth-order Padé approximation

Magnitude (dB)
o

=
o

=

w [e.]

(=) o o
T T

Phase (deg)

)
o
:

e

okl i

180~

10° 10 Frequency (rad/s) 10" 10°

Figure 4. Comparative Bode diagrams of the exact time-delay system and approximated system.

2k F - exact time-delay system 1
fourth-order Padé approximation

Imaginary Axis

-4 L L 1

6 <5 4 3 Real Axis 1 0 1 2

Figure 5. Comparative Nyquist diagrams of the exact time-delay system and approximated system.

frequency range, of the time-delay system approx-
imated with fourth-order Padé approximation and the
exact system. Accordingly, the possible disadvantages
of the designed controller on the system of finite dim-
ension should not show the shortcomings in the applic-
ation to the system of infinite dimension (time-delay
system).

In order to depict possibilities of this approach
regarding satisfying a wide range of desired process
performance, PID controllers are designed for two
cases. In the first case, minimization of overshoot is
required, while in the other the response speed is
emphasized. Namely, borderline cases are presented,
but the trade-offs between them are also obtainable,
of course, based on technological requirements defined
by the operators of this chemical plants. Simulations in
the MATLAB software were carried out to obtain
process responses.

Mentioned K,—Ky parametric planes are given in
Figures 6 and 7 for the first (PID1) and second (PID 2)
controller, respectively, for the two values of damping

188

coefficient (£= 0.5 and &= 1) and changing of natural
frequency @, € (0-1,2) rad/s.

Based on these planes for both controllers, K, and
Ky controller gains were determined from the curves
that refer to the two different damping coefficients &=
=0.5 and &= 1, for a given value of the integrated gain
K; that meets minimum IE criterion for each value of
damping coefficient. In terms of borderline cases of the
system dynamic behavior in this area (Figures 6 and 7),
the value of the damping coefficient £ closer to 1 leads
to the elimination of overshoot and reduction in the
response speed, while a value closer to 0.5 makes
system faster but with greater overshoot. Values
between the above mentioned are used to accomplish
compromise between these boundary cases to meet
the technological requirements of the process.

First case (minimizing overshoot — damping coefficient
£=1)

In this case following controller parameters were
calculated PID 1 (green line in Figure 6): K,; = 0.2302;
Ki1 = 0.0575; K4, = 0.1004 and PID 2 (green line in Figure
7): Ky, = —0.0675; K, = —0.01912; Ky, = —0.01. The



S.Lj. PRODANOVIC et al.: MODIFIED APPROACH TO DISTILLATION COLUMN CONTROL

Hem. ind. 71 (3) 183-193 (2017)

resulting controller and decoupler (31) were applied in
the centralized control strategy shown in Figure 1.
Obtained responses were compared with four cases
from the literature realized using different decoupling
and controller tuning and shown together in Figure 8.

T T T T T T T T T
.

L X 0.3602 ]
0,2 Y025

0,1
X 02302
Y:01004
or ]

0,1+ y

Kd1

0,2} ]

-0,3} 1
£=0.5 and Ki1=0.0845

-04r ——— £ =1and Ki1=0.0575 1
-0,5¢ ]
Y A S A SN R NN N N

005 0 005 01 015 02 025 03 035 04

Kp1

Figure 6. K,;—K4; parametric plane for the two values of
damping coefficient (= 0.5 and = 1).

0,041
£=0.5 and Ki2= - 0.02117
0,031 t=1and Ki2=- 0.01912 4
0,021 i
0,01} / i
o~
el
-4
of _
X 0.0675
Y. -001
-0,01 -
0,02F
X:-0.07225
¥:-0.0308
-0,03F -—
0,08 : i | ‘ . ;
01  -008 -006 -004 -0,02 0 0,02
Kp2

Figure 7. K,,—Kgq, parametric plane for the two values of
damping coefficient (= 0.5 and &= 1).

Figure 8 shows that proposed method is more
efficient than the others, regarding overshoot red-
uction in both outputs. It also provides less oscillatory
responses. In Figures 9 and 10, the second output is
postponed by 50 s in order to system interaction
become more evident. Now, it is noticeable that the
proposed method provides satisfactory decoupling and
taking into account the responses in Figure 8, it can be
concluded that it is applicable in the practice.

Second case (faster responses - damping coefficient
£=0.5)

Controller parameters for this case are PID 1 (blue
line in Figure 6): K,; = 0.3602; Ki; = 0.0845; Ky; = 0.25
and PID 2 (blue line in Figure 7): K,, = —=0.07225; K;; =
= —0.02117; Ky, = —0.0308. Even under such requests
for system performance, proposed method is more
successful than the others in literature. By comparing
the achieved results with the other control algorithms
(Figure 11), it is obvious that the speed of both res-
ponses is improved, without significant deterioration of
their overshoot and monotony. The feasibility of such a
controller is confirmed by responses in Figure 10,
where it can be seen that system interaction is reduced
to a minimum.

More accurate comparison of the proposed control
algorithm with methods from literature applied for
distillation column control is enabled by Table 1.
Namely, it contains a comparative view of rise time,
settling time and overshoot. Even though some of the
methods give better certain quality indicators than pro-
posed one, nevertheless, taking into account overall
quality of both responses, i.e., all displayed parameters
and especially the defined requirement for controller
design, it is evident that the proposed method provides
responses with better characteristics.

1,5 T T T T T T
Vs

- 1>§\
E . ///\97
< /
5 i/
[=% 1
5 0,5“/ J
L /

0 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80
time (s)
1,5 T T T T T T T
& 4t =
xm
5
o
5 0,5F i
o
0 1 Il 1 1 1
0 30 40 50 60 70 80
time (s)
Figure 8. Responses of the Wood/Berry distillation column (minimized overshoot): Atashpaz-Gargari et al. 2008,

proposed method, Garrido et al. 2010,

Morilla et al. 2008, ___ Wang et al. 2000,

Reference value.
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Figure 9. Display of interaction in the Wood/Berry distillation column (minimized overshoot): Atashpaz-Gargari et al. 2008,
proposed method, Garrido et al. 2010, Morilla et al. 2008, Wang et al. 2000, _ _ _ Reference value.
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Figure 10. Display of interaction in the Wood/Berry distillation column (faster responses):

Atashpaz-Gargari et al. 2008,

proposed method, Garrido et al. 2010, Morilla et al. 2008, Wang et al. 2000, _ _ _ Reference value.
1,5 T T T T T T
£ 4
><D
Z
S 051 e]
o
0 1 1 1 1 1
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P —_—
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Figure 11. Responses of the Wood/Berry distillation column (faster responses): Atashpaz-Gargari et al. 2008, proposed
method, Garrido et al. 2010, Morilla et al. 2008, Wang et al. 2000, _ _ _ Reference value.
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Table 1. The responses quality indicators of the explored distillation column under different control algorithms

First output, X,

Second output, Xz

Method Rise time Settling time Overshoot Rise time Settling time Overshoot
T./s T./s O0/% T./s T./s O0/%

Proposed (minimized 4.381 33.639 5.339 5.002 42.322 5.684

overshoot £=1)

Proposed (faster responses 2.795 26.433 13.832 4.921 37.376 9.725

£=0.5)

Atashpaz-Gargari et al., 2008 2.498 25.052 28.827 4.012 36.051 22.202

Garrido et al., 2010 2.544 22.885 10.354 7.006 34.759 5.864

Morilla et al., 2008 3.292 44,776 8.519 4.675 50.519 4.137

Wang et al., 2000 3.796 27.881 17.7 6.31 41.983 8.377

Table 1 shows that for the value of damping REFERENCES

coefficient £ = 1, overshoot is in the range of 5,339-
—-5,684% at response speeds from 4,381 to 5,002 s. For
the value of the damping coefficient £ = 0.5 overshoot
is in the range of 9,725-13,832% at response speeds
from 2,795 s to 4,921 s. Having this in mind, change of
the damping coefficient & can enable satisfying of the
different project requirements in terms of achieving
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1ZVvOD

MODIFIKOVANI PRISTUP UPRAVLIANJU DESTILACIONE KOLONE

Sada Lj. Prodanovi¢', Novak N. Nedi¢’, Vojislav Z. Filipovi¢?, Ljubida M. Dubonji¢?

"Univerzitet u Istoénom Sarajevu, Masinski fakultet, Istocno Sarajevo, Bosna i Hercegovina, Republika Srpska
2University u Kragujevcu, Fakultet za masinstvo i gradevinarstvo u Kraljevu, Kraljevo, Srbija

(Naucni rad)

Postrojenja u procesnoj industriji su veoma vaZan i neiscrpan skup objekata za Kljucne reci: Destilaciona kolona e De-
istrazivanje sa stanovista automatskog upravljanja. Osim stabilnosti, robusnosti i centralizovano projektovanje regulatora
performansi sistema, tezZi se ka jednostavnosti implementacije upravljackog sis- e Rasprezanje e PID upravljanje e D-de-
tema kao i njegovog rukovanja. U ovom radu je istrazena metodologija formiranja kompozicija ® Simulacija

upravljackog algoritma za destilacionu kolonu, modelovanu kao proces sa dva
ulaza i dva izlaza (TITO proces). IstraZivani pristup upravljanju je provjeren kori-
steci vec viSe puta u literaturi upotrijebljen matematicki model pomenutog pro-
cesa. Prilagodavanjem i spajanjem dva metoda projektovanja njegovih kompo-
nenti, ¢ija kombinacija do sada nije primjenjena za upravljanje ovog industrijskog
postrojenja, dobijen je modifikovani upravljacki sistem. To su pojednostavljeni
rasprezivac koji se prvi projektuje i decentralizovani PID regulator dobijen pomocu
metode D-dekopozicije za prethodno raspregnut proces. Rasprezivac je projek-
tovan iz uslova dijagonalnosti procesa, a parametri PID regulatora su definisani za
dva odvojena procesa sa jednim ulazom i jednim izlazom (SISO procesa) polazeci
od veze izmedu IE (integrala greske) kriterijuma i pojaCanja integratora i uzimajuci
u obzir definisane Zeljene karakteristike odziva, koje se mogu mijenjati u zavis-
nosti od tehnoloskih zahtjeva upravljanog postrojenja. Njihovim sprezanjem
ostvareno je centralizovano upravljanje. Naime, na proces sa kasnjenjem pri-
mijenjena je procedura za projektovanje dijagonalnog decentralizovanog PID
regulatora za sisteme visokog reda. U okviru te procedure izrazavajuéi Laplasov
operator u odgovarajucoj formi preko stepena prigusenja i prirodne ucestanosti
uvedena je zavisnost izmedu stepena prigusenja i promjenljivih parametara PID
regulatora. Analiza odziva procesa dobijenih primjenom predstavljenog algoritma
i njihovo poredenje sa rezultatima iz literature su sprovedeni nakon izvrSenih
simulacija. llustrovani su grani¢ni slucajevi dinamickog ponasanja sistema: mini-
malni preskok i maksimalna brzina odziva. Zbog njihove dobro poznate kontra-
diktornosti predloZen je metod za ostvarivanje kompromisa izmedu ova dva slu-
¢aja izborom stepena prigusenja, s tim da se vodilo racuna o granici stabilnosti
sistema automatskog regulisanja. Dobijeni pristup projektovanju centralizovanog
regulatora, pored svoje jednostavnosti primjene i fleksibilnosti u ostvarivanju
razli¢itih dinamickih ponasanja procesa, daje bolje karakteristike odziva od pos-
tojecih algoritama upravljanja destilacionom kolonom u literaturi.
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