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Abstract

The article investigates the primary oil refining process and the separation of crude oil into
different fractions under atmospheric and vacuum conditions. The structure and operation of
technological complexes, including tubular furnaces as well as simple and complex rectification
columns, are analyzed. The existing automation systems and the modernization efforts carried out
for process units are also reviewed. The study highlights that, although significant reconstruction
and modernization of automation systems have been implemented, advanced local and automatic
control strategies for stabilizing key process parameters have not yet been fully applied in the
original design of technological units. In this context, the development and application of modern
automatic control systems based on recent scientific and technical advances are considered highly
relevant to ensure both production efficiency and required quality of oil fractions. It is concluded
that the proposed control system improves the stabilization of technological parameters and
enhances overall fuel efficiency in the primary oil refining process.
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Fraksiyalasdirici kolonun avtomatik idaraetma sisteminin islonib hazirlanmasi
A.A. Safarova
Azaorbaycan Doviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalads neftin ilkin emali qurgularinda xam neftin miixtalif neft fraksiyalarina ayrilmasi prosesi vo
bu prosesin idaro olunma xiisusiyyatlori tadqiq olunmusdur. Atmosfer vo vakuum soraitinds isloyan
texnoloji bloklarin strukturu, o ctimladan borulu sobalar vo rektifikasiya kalonlarinin faaliyyati tohlil
edilmigdir. M6vecud avtomatlagdirma sistemlorinds aparilmis modernlogdirma iglari nozars alinaraq, daha
tokmillosdirilmis idaroetma yanagmalarinin tatbigi zoruriliyi osaslandirilmigdir. Todqiqat goargivasindo
istehsal olunan neft fraksiyalarmin keyfiyyot gostoricilorinin stabillosdirilmasi vo yanacaq sarfinin
optimallagdirilmasi moagsadilo miiasir avtomatik idarsetma sistemlorinin islonilmasi toklif olunmusdur.
Sistem parametrlorin daha dogiq tonzimlonmasi vo prosesin sabitliyinin artirilmasi istigamatindo
formalasdirilmigdir. Notico olaraq miioyyon edilmisdir ki, toklif olunan tokmillosdirilmis idaroetmo
yanagmasi neft emali prosesinin somaraliliyini vo mahsul keyfiyyatini ohomiyyatli doracads yiiksalds bilor.

Acar sozlor: rektifikasiya kolonu, idarsetma sistemi, benzindon tomizlonmis neft, miisahide olunan
parametrlor, nazarat olunan parametrlor, tonzimlayici klapan

Pa3paboTka aBTOMATHYECKOM CHCTEMBI yIIpaBJeHusl 151 GpaKmuOHUPYIOLIei

KOJIOHHBI

A.A. Cajaposa

Aszepbatiodcanckuil 20cy0apcmeeH bl yHUgepcumem He@mu u npOMulULIeHHOCIU
(baxy, Azepoaiioxcan)

AHHOTAUA

B craThe rccnenyoTes mpolecchl NepBUYHON mepepadoTKu HeTH U pa3AesicHus ChIpoi HeTH Ha
pasnuuHble (QpaknuM B YCJIOBHSIX aTMOC(EpPHONH M BaKkyyMHOH meperoHkd. PaccMorpeHa cTpykrypa
TEXHOJIOTMYECKHX  KOMIUIEKCOB, BKJIIOYAIOIIMX TpyO4aTele T€Yd M MPOCThIE M CIOXHBIE
pekTH(UKAMOHHBIE KOJOHHBI, a Takke OCOOCHHOCTH WX (yHKIHOHMpoBaHWS. [IpoBereH aHamm3
CYLIECTBYIOLIMX CHCTEM aBTOMAaTH3allMd C YYETOM BBHINOJHEHHBIX Pa0OT MO MOJECPHHU3ALUU U
PEKOHCTPYKIIMM TEXHOJIOTUYECKUX OJIOKOB. B pamkax wcciegoBaHus 0OOCHOBaHA aKTYaIbHOCTh
Pa3pabOTKH yCOBEPILICHCTBOBAHHBIX CHCTEM aBTOMAaTHYECKOT'O YIIPABJICHNUS, OCHOBAaHHBIX HA COBPEMEHHBIX
JOCTIDKEHMSIX B 001acTH aBToMaTH3auuu. [IpenioskeHpl moaXoabl K CO3AaHUI0 CHCTEM, 00ECTICYHBAIOIINX
CTaOMIILHOCTD TEXHOJIOTHYECKUX TIApaMEeTPOB, TIOBBIIIICHHE KauecTBa HEPTSIHBIX (HPaKIMi 1 ONITHMHU3AIHIO
pacxoga TomnuBa. B pesynbTare yCTaHOBIEHO, YTO BHEAPEHHE MPEIJIOKEHHOW CHCTEMBI YIPABICHUS
MO3BOJISIET TOBBICUTh 3(QeKTUBHOCTL Tpoliecca HeTernepepadoTKu W YIYYIIHTh CTaOHIBHOCTD
MapaMeTPOB TEXHOIOTUIECKOT0 PeKUMA.

KarouesBblie cioBa:  pekTr(dUKaMOHHAs KOJIOHHA, CUCTEMA YIIpaBJICHHsI, 0TOCH3NHEHHAs! He(DTh,
HabJro1aeMble apaMeTpbl, KOHTPOJIUPYEMBIE TapaMETPhl, PEryINPYIOINi
KJIaIaH.
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Introduction

As it is evident from the above
description of the technological complex of
primary oil refining, since the technological
process takes place under very high loads, if we
consider this system from the point of view of
providing conditions for compliance with the
qualitative indicators of the produced oil
fractions both under conditions of high
temperatures and significant fluctuations in
both consumption and qualitative indicators of
raw materials, it should be applied to the class
of large and complex systems, such as control
system. Ensuring safe and cost-effective
implementation of this technological process,
as a rule, largely depends on the level of its
automation [1,2]. As already mentioned, at each
of the operating facilities of both oil refineries
of our republic significant modernization work
has been carried out both in technological and
automation terms. The modernization measures
in the field of automation at these technological
facilities mainly consisted in replacing old
automation equipment with new generation
automation equipment. Indeed, after these
measures, the measures related to the control of
the facilities are fully compliant with modern
operation and maintenance requirements.
However, local control schemes and more
advanced automatic control schemes for
stabilisation and monitoring of the main
regulated parameters in individual process
units, which were envisaged in the original
designs of the process plants. To ensure better
control, it is advisable to create cascade
automatic control systems with self-tuning
functions [3].

One of the main technological
apparatuses in terms of its importance in the
technological process is the rectification
column K-1. Since the degassing of crude oil
used as feedstock is carried out in the K-1
column, it is imperative that better quality
control schemes be developed in this column to

ensure more efficient and productive operation
of downstream units.

Purpose of the work

Development of an automated control
system based on modern automation tools,
which has advantages over existing systems and
iIs based on disturbance effects to ensure
optimal flow of the technological process in the
K-1 column, which is the main technological
apparatus of the primary oil refining unit.

Problem statement

In the K-1 distillation column only the
temperature at the top is controlled. The flow
rate of cold distillate fed to the column is
changed as a controlling factor. Local control
circuits are used to control the pressure at the
top of the column and the level at the bottom.
The implementation of automated composition
analyzers to automatically monitor the quality
of the gasoline fraction obtained in the K-1
column was not envisaged. Indeed, the
difficulties of using such analyzers in real-
world control systems are well known.
However, to ensure a more optimal process
flow in the K-1 column, it was imperative to
implement automated control systems offering
significant advantages over existing systems
and based on excitation effects [3].

As it is seen, the lack of automated quality
control of the individual fractions produced in
this process has not allowed the introduction of
feedback control systems, which have
sufficient advantages. For this reason, due to
excitation effects occurring within the plant,
deviations of fraction quality from standard
values are common. This, in turn, is
accompanied by high energy consumption and
unsatisfactory product quality [4].

All this demonstrates once again that if
we consider the operation of primary oil
refining processes from the point of view of
information support, these process units should
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be classified as complex units characterized by
a lack of information.

For a clear understanding of the
automation process carried out in the
technological apparatus, let us briefly describe
the technological process taking place there.
The gasoline-free oil taken from the bottom of
the K-1 column by pumps at a rate of 350 t/h, is
transferred to the E-203 raw hot-heavy oil
circulation heat exchanger and the E-204 A/B
raw-heavy oil heat exchanger at a temperature
of 195-205 °C, and a pressure of 14-16 kg/cm2
for reheating by pumps P-102 A/B. The oil
leaving the E-204 A heat exchanger is heated to

340-360 °C by passing through 4 serpentine
tubes of the H-201 furnace at a temperature of
180-240 °C and a pressure of 12-14 kg/cm2 and
is fed in one flow to the bottom of the 24th plate
of the K-1 column, and the bottom of K-1 is
heated by circulating this “hot stream”. The oil
sequentially passes through the convection and
radiation sections of the furnace and is fed in
two streams at a temperature not exceeding
360°C to the bottom of plate 45 of the K-2
atmospheric rectification column.

The technological scheme of the K-1
column is shown in Figure 1.

gas cap

Gasoline K-8
free oil

Figure 1 — Technological scheme of the K-1 primary evaporation column

The range of variation of the main operating parameters of column K-1 is shown in Table 1.

Table 1 — The range of variation of the main operating parameters of column K-1

Range of variation
Ne Parameter name Unit of measurement
low high
1 Consumption of raw material m?/h 290 300
2 Temperature below the column °C 235 250
3 Pressure in the colomn atm 2.5 3.5
4 Level in the column % 60 65

These data represent parameters intended for normal device operation.




Azorbaycan Miihandislik Akademiyasinin Xobarlori
2026, cild 18 (2), s. 82-88
AA. Saforova

Herald of the Azerbaijan Engineering Academy
2026, vol. 18 (2), pp. 82-88
A.A. Safarova

Solving of the problem

The automated scheme of the K-1
degassing column of the primary oil processing
unit is shown in Figure 2. Crude oil mixtures
extracted from various oil fields are fed through
a pipe to the intake of the raw material pumps
of the unit. The pressure in the raw material
pipe is controlled by the PC controlling valve.
The flow rate of the mixture is controlled when
the raw material is fed to the E101 A/B/C heat
exchangers for initial heating. The flow rate of
water supplied to clean the oil of salts is
controlled. The water level in the TK-101 water
tank is controlled by the LC controlling valve.

The oil leaving the E-101C heat exchanger is
separated into 2 streams. The flow rate of the
first stream is regulated by the FC valve and the
flow rate is controlled by the FT flowmeter. The
flow rate of the second stream supplied to the
light oil periodic irrigation/raw material heat
exchanger is regulated by the FC controlling
valve. The temperature at the outlet of the heat
exchanger is automatically controlled as both
streams enter the V-101 electro-dehydrator.
The flow rate of water supplied to the inlet of
the electro-dehydrator for complete separa-tion
of salts as a solution is monitored by the 1-b
position FE device [5,6].

Local
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Figure 2 — Automatic control system of the K-1 primary evaporation column
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Table 2 — The parameters monitored and controlled in the device K-2

Ne Name of the device Type of automation

1 Temperature at the outlet of the heater Automatic monitor
2 Level in the dehydrato Automatic control
3 Pressure in the dehydrator Automatic monitor
4 Level in the column Automatic control
5 Temperature at the top of the tank Automatic monitor
6 Pressure at the top of the tank Automatic control
7 Level in the E-1 tank Automatic monitor
8 Level in the E-6 tank Automatic control
9 Pressure in the E-6 tank Automatic control

The parameters monitored and controlled
in the device are shown in Table 2.

The automation system works as follows:

Initially, the values of parameters
measured in technological processes are fed
into the junction box (JB) via a shielded cable
in the form of a single analog signal (4-20) mA.

If the signal received from the source
transmitter is a pneumatic signal with a voltage
of (0.2-1) kg/cm2, this signal is first converted
to an analog signal (4-20) mA using a
pneumatic-electric converter. Cables coming
from transmitters located in different parts of
the device, as well as cables going to actuators,
various contacts, etc., are collected together in
the JB and from there connected via a shielded
cable to the DI (discrete input), Al (analog
input), DO (discrete output), AO (analog
output) modules of the control system in
accordance with their location in the protective
barriers.

When input signals are applied to the Al
and DI modules, the (4-20) mA current or
discrete signal representing two logical states is
converted into a form acceptable to the system
and fed to the controller. To improve the
continuity and reliability of this control system,
two controllers are installed in the automatic
control system (ACS) . One of these controllers
is called the main controller (primary), and the

other is called the backup controller
(secondary). As soon as a problem occurs in
one of the controllers, the other is automatically
activated. The generated output signals are
transmitted to the AO or DO modules,
respectively, for feeding the actuators [7-9] .

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. In order to improve the
quality of the control system on “reflux—
temperature” for the rectification column,
which is the main fractionating technological

equipment of the primary oil processing
facility, a automatic control system was
constructed .

This control system provides the quality
control by compensating stimulating influences
in technological facilities operating under
heavy load in conditions of information
scarcity. This control system ensures the
maintenance of standard quality indicators for
manufactured products at a given value for raw
materials.

This control system ensures that standard
quality indicators for manufactured products
are maintained at specified values for raw
materials.
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