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Abstract
The oil refining and petrochemical industries are considered to be the leading sectors of the

national economy. The purpose of these facilities is to ensure the production of a wide range of
high-quality petroleum products from crude oil. The requirements for quality indicators of
various petroleum products produced at these technological facilities require the creation of more
modern and advanced control systems. It should be noted that one of the main problems of
control theory is the creation and development of new control systems capable of adequately
responding to more dynamically changing external and internal stimuli for complex oil refining
technological complexes in accordance with the requirements of the time. Therefore, it is relevant
to create new automated control systems capable of providing the required accuracy of quality
control.
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Distillo kalonunun avtomatik idaraetms sisteminin sintezi masalasinin halli

A.A. Soforova
Azarbaycan Déviat Neft va Sonaye Universiteti (Baki, Azarbaycan)

Xiilasa
Neft emali vo neft-kimya sonayesi xalq tosorriifatinin aparici saholori hesab olunur. Bu

qurgularin mogsadi xam neftdon yiiksok keyfiyyot gostoricilorine malik genis cesiddo neft
mohsullarinin istehsalini tomin etmokdon ibaratdir. Bu texnoloji qurgularda istehsal olunan
miixtolif neft mohsullarinin keyfiyyot gostoricilorine qoyulan toloblor daha miiasir vo miikommal
idaroetmo sistemlorinin yaradilmasini tolob edir. Qeyd etmok lazimdir ki, hal-hazirda dovriin
toloblorino uygun olaraq miirokkob neft emali texnoloji komplekslori {i¢iin daha dinamik doyison
xarici vo daxili hoyocanlandiric1 tosirloro adekvat reaksiya goOstora bilon yeni idaroetmo
sistemlorinin yaradilmasi vo inkigaf etdirilmosi idaroetmo nozoriyyosinin garsisinda duran asas
problemlordon biridir. Buna géro do keyfiyyst baximindan idaroetmado tolob olunan doaqiqliyi
tomin eds bilon yeni avtomatlagdirilmis idaroetmas sistemlorinin yaradilmasi aktualdir.

Acar sozlor: distillo kalonu, &tiirmo funksiyasi, kontroller, idarsetms sistemi, dinamik
xarakteristikalar.

Pemienne mnpo0JieMbl CHHTE3a CHCTEMbl ABTOMAaTHYECKOI0 YIPaBJICHUS
PEeKTH(PUKAIUOHHON KOJTOHHOM
A.A. CadapoBa

Asepbatiodicanckuil  20Cy0apcmeentvlil  yHusepcumem Hegmu u npomviuneHnocmu  (baky,
Aszepbatiodcan)

AHHOTALIUA
HedTrenepepabarpiaromias u HeTexuMuueckasi MPOMBIIIJIEHHOCTh CUUTAIOTCS BEAYITUMU

oTpaciiiMU HapoaHoro xossiictBa. Llenb 3Tux mnpeanpusaTHii - oOecrnedyuTbh HPOU3BOACTBO
IIMPOKOTO CIEKTpa BBICOKOKAUYECTBEHHBIX HE(PTENPOAYKTOB M3 chipoil HedTH. TpeGoBaHus K
MOKa3aTressiM KadecTBa pa3IMYHbIX HE(PTENPOAYKTOB, IPOU3BOIAUMBIX HA ITHX TEXHOJIOTHYECKHX
o0bekTax, TpeOyloT co3/laHus Ooyiee COBPEMEHHBIX M COBEPIICHHBIX CHCTEM YIpaBJICHUS.
CrenyeT OTMETUTH, YTO OJTHOW U3 OCHOBHBIX MPOOJIEM TEOPUH YIPABJICHUS SBISETCS CO3/1aHUE U
pa3BUTHE HOBBIX CUCTEM YIIPABJICHHUs, CIIOCOOHBIX aJIEKBATHO pearupoBaTh Ha 0osiee TMHAMUYHO
M3MEHSIOIIMECS BHEIIHUE U BHYTPEHHHE (aKTOpbl JUIsl CIOXKHBIX HedTrenepepadbaThIBarOIINX
TEXHOJIOTMYECKUX KOMILJIEKCOB B COOTBETCTBUM C TpeOoBaHHUAMU BpemeHH. Illostomy
aKTyaJIbHBIM SIBJISIETCSI CO3JJaHHE HOBBIX aBTOMAaTU3MPOBAHHBIX CHUCTEM YIPABIEHUS, CIIOCOOHBIX
obecneunTh TpeOyeMyro TOUHOCTh KOHTPOJISl KauyecTBa.

KaroueBbie ciioBa: JAUCTUIIUIAIIMOHHASA  KOJIOHHA, TICPEAaTOYHAA (I)YHKL[I/IH, KOHTPOJIICP,
CUCTCMA YIPABJICHUA, TUHAMHWYCCKUC XAPAKTCPUCTUKHU.
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Introduction

The experience of operation of
numerous complex technological objects in
various branches of oil refining industries has
shown that the characteristic features of these
complex technological processes are mainly
the following [1]: complexity of devices as
control objects; the feedstock arriving at the
refining enterprise varies within rather wide
limits both in terms of consumption and
composition (quality indicators); the presence
of a large number of controlled and
uncontrolled excitatory influences, to a greater
or lesser extent affecting the course of the

technological process; non-stationarity of
static and dynamic characteristics of
processes; the complexity of building

mathematical models that can adequately
reflect the course of processes, due to the
complex nature of dependencies between
input and output parameters, as well as the
lack of a complete mathematical description
for many complex technological processes;
high error of measurements of some
technological parameters, and sometimes the
lack of operational methods of measurements
and control and measuring instruments, etc.

Under these conditions, it is impossible
to achieve the criteria established in quality
management by optimizing static modes of
technological processes only at the traditional
upper level. Therefore, solving the problems
of synthesizing a control system capable of
ensuring compliance of quality indicators of
various fuel fractions obtained in the process
of oil refining with the requirements of the
standard at any values of flow rate and quality
indicators of crude oil fed to the atmospheric
unit in the technological complex of primary
oil refining is relevant both from the scientific
and practical points of view.
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Taking all this into account, the paper
proposes as a research problem to develop a
control system for the atmospheric block of
the technological complex of primary oil
refining in such a way that this system
provides an optimal mode of operation of the
system as a whole, regardless of the various
influences occurring in the technological
complex.

Purpose of the work

The issue of optimal adjustment of
controller is included in automatic control
system is considered, the transfer function of
control systems is determined, on the basis of
which the curve of the transient process of the
automatic control system is constructed and
the quality indicators of transient response are
determined.

Problem statement

The quality indicators of the automatic
control system in dynamic modes depend on
the characteristics of the control object. For
this reason, in order to develop control
systems with sufficient stability, reliability and
high quality indicators, it is necessary first of
all to study the dynamic characteristics of the
automatic control object. Static and dynamic
characteristics are studied both experimentally
and analytically, depending on the charac-
teristics of the object under study. However, to
assess the dynamic characteristics of control
objects, active experiments are carried out
with open states of control circuits. Otherwise,
it is necessary to use experimental methods for
studying the characteristics of regulated
objects. Taking into account all this, in the
paper a methodology is given for solving the
above issues without interfering the normal
operating modes of control systems.
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To solve the synthesis problem, first of
all, the transfer function is determined based
on the step response. The transfer function
defines the relation between the output and the
input of a dynamic system [2]. The step

response is shown in (Fig. 1).
Step Response

Amplitude

1
20

1
60
Time (seconds)

L
40

120

Figure 1 — Step response

Here, in order to adjust the temperature,
it is necessary to change the fuel consumption,
that is, to change the movement of the
actuator. On the commissioning curve, the
distance of the actuator is Ax=5%, and the
temperature change corresponding to this
distance is 110-120 [ (7.5%). There are
various methods for calculating the transfer
function. To calculate the transfer function in
this paper the Simoyu Method was used. The
input and output variables of the object were
observed by performing an active experiment.
A stepped control action was applied and a
recording was made of the resulting output
data, which was in the form of a transient
response. In this method, the calculation is
performed in the following sequence [3-5].

1. The time characteristic is divided
into intervals with At=1min;

2. Let us write down the ratio of the
values Ay(t) and Aymax corresponding to the
intervals At;
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3. The fields
performing appropriate calculations.
Field F1 is defined as follows:

are determined by

Fy = At{Y,(1 = y); = 0,5[1 —y(O)1} (1)

Then [1-y(t)] is established in a different
timeline. Therefore, the variable 6 implies.

i=1[1 — y(i46)][1 — iA6] 2

(i46)?

ml1 - y(ae)] [1-2 - a6 + 5

G

Then the F2 and F3 fields are calculated:
F, = F2A6{Y¥ (1 —y)(1—6); — 0,5[1 —
y(0)]} €))

92
Fy = F2a0 {3 ,(1-y)(1 - 20 +%); -

0,5[1 - (0)]}

The results are shown in Table 1.

If any of the fields is negative then the
transfer function will be in the form:

bp+1
W(p)=——otP
a,p +ap+l

)

If all fields are positive, then the transfer
function will be as follows:

1
W (D) =
(P) a,p’+a,p’+a,p+1

(6)

After applying input to the control
system, output takes certain time to reach
steady state. So, the output will be in transient
state till it goes to a steady state. Therefore,
the response of the control system during the
transient state is known as transient respons.
The transient state response of control system
gives a clear description of how the system
functions during transient state [6, 7].
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Solving of the problem

Based on the method of “field” we can
write a transfer function, given the calculated
values al=F1, a2=F2, a3=F3:

F1=2,4242, F2=1,70098, F3= 18,866

W(p)=k/(2.42p3+1.701p2+18.87p+1)  (7)
The next step is to convert the transfer
function from a dimensionless form to a

dimension form;
W,(P) = Ko, W (P) (8)

In this formula
. 7.5 .
===

1.5

then Wob(P) takes the following form:
W(p)=1.3/(2.42p3+1.701p2+18.87p+1) (9)
The results are shown in Table.

Algorithm of obtaining a transition
response is as follows:

>> Wt=tf([1.3],[2.42 1.701 18.87 1]);
>> Wt=tf([0.54 0.23],[1 0]);
>>Wo=tf([1.3],[2.42 1.701 18.87 1]);
>> W l=series(Wt,Wo);

>> Fi=feedback(W1,1);

>> step(Fi);grid

The transition response is shown in
(Fig.2).
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Step Response
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Figure 2 — The transient response

The transient state response of control
system gives a clear description of how the
system functions during transient state. Based
on the transition response, we determine the
following quality indicators:

Overshoot - 37%

Control time — 24.4

The first maximum — 1.32

The second maximum - 1.03

Static error — 0

The quality indicators obtained based on
trancient response meet the requirements for a
sustainable control system.

Conclusion

In the presented paper, the distillation
column which is the main technological
device of the primary oil refining unit, has
been studied as a control object. Due to the
non-stationarity of the dynamic characteristics
of this control object, the necessity of periodic
and operational assessment and adjustment of
control systems is substantiated. The
evaluation of dynamic model of automatic
control system of the distillation column of a
technological facility is solved. it involves
calculation of transfer function of the
controller , building of transient response and
determination quality indicators of the
transient response.



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2025, cild 17 (3), s. 104-110
A.A. Saofarova

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (3), pp. 104-110
A.A. Safarova

Table — The calculation results of transfer function

t y(®) 1-y(t) 0 1-0 C*E 120 +0 ~2yp | G*H
A |B C D E F G H
0 |o 1 0 1 1 1 1
0,3 |0,045 0,955 0,124 |0,876248 | 0,8368167 | 0,7959717 0,760153
0,6 |0,1 0,9 0,248 |0,752496 | 0,6772461 | 0,5951339 0,495621
0,9 |0,158333 | 0841667 |0371 |0,628744 |0,5291924 | 0,387805 0,306403
1,2 0,225 0,775 0,495 |0,504991 | 0,3913683 | 0,170967 0,132499
1,5 0283333 |[0,716667 |[0,619 |0381239 |0,2732214 |-0,06431 -0,17609
1,8 |04 0,6 0,743 | 0,257487 | 0,1544922 | -0,348939 -0,20936
2,1 | 0475 0,525 0,866 | 0,133735 | 0,0702108 | -0,680615 -0,39732
24 0566667 |0,433333 [0,99 |0,009983 | 0,0043258 | -1,130695 -0,48997
2,7 0691667 |0308333 | 1,114 |-0,11377 |-0,035079 |-1,969616 -0,6973
310733333 | 0266667 |1238 |-0,23752 | -0,063339 | -2,659922 -0,75931
33 0,775 0,225 1,361 |-036127 | -0,081287 | -3,537842 -0,79601
3,6 |0,808333 |0,191667 | 1,485 |-0,48503 |-0,092963 | -4,525562 -0,8874
3,9 085 0,15 1,609 |[-0,60878 | -0,091317 |-6,156485 -0,97357
42 10866667 |0,133333 | 1,733 |-0,73253 | -0,097671 |-7,231743 -0,96423
45 0875 0,125 1,856 |-0,85628 | -0,107035 |-7,917381 -0,98967
48 |0,8875 0,1125 1,98 [-0,98003 |-0,110254 |-8,887117 -0,9998
51 |0,895 0,105 2,104 |-1,10379 | -0,115898 | -9.472516 -0,99461
54 10925 0,075 2,228 |-1,22754 | -0,092065 | -12,98817 -0,97411
57 1095 0,05 2,351 |-1,35129 | -0,067565 | -18,76595 -0,9383
6 0958333 | 0041667 |2475 |-1,47504 |-0,06146 |-21,29184 -0,90717
63 | 0966667 |0,033333 |[2,599 |-1,5988 | -0,053293 |-24,62191 -0,88072
6,6 0983333 |0,016667 |2,723 |-1,72255 | -0,028709 | -44,33686 -0,85896
69 |1 0 2,846 | -1,8463 0 0 0
8,580833 2,8389391 -11,201
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