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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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Fraksiyalaşdırıcı kolonun avtomatik idarəetmə sisteminin işlənib hazırlanması 
A.A. Səfərova 

Azərbaycan Dövlət Neft və Sənaye Universiteti (Bakı, Azərbaycan) 

 

Xülasə  

Məqalədə neftin ilkin emalı qurğularında xam neftin müxtəlif neft fraksiyalarına ayrılması prosesi və 

bu prosesin idarə olunma xüsusiyyətləri tədqiq olunmuşdur. Atmosfer və vakuum şəraitində işləyən 

texnoloji blokların strukturu, o cümlədən borulu sobalar və rektifikasiya kalonlarının fəaliyyəti təhlil 

edilmişdir. Mövcud avtomatlaşdırma sistemlərində aparılmış modernləşdirmə işləri nəzərə alınaraq, daha 

təkmilləşdirilmiş idarəetmə yanaşmalarının tətbiqi zəruriliyi əsaslandırılmışdır. Tədqiqat çərçivəsində 

istehsal olunan neft fraksiyalarının keyfiyyət göstəricilərinin stabilləşdirilməsi və yanacaq sərfinin 

optimallaşdırılması məqsədilə müasir avtomatik idarəetmə sistemlərinin işlənilməsi təklif olunmuşdur. 

Sistem parametrlərin daha dəqiq tənzimlənməsi və prosesin sabitliyinin artırılması istiqamətində 

formalaşdırılmışdır. Nəticə olaraq müəyyən edilmişdir ki, təklif olunan təkmilləşdirilmiş idarəetmə 

yanaşması neft emalı prosesinin səmərəliliyini və məhsul keyfiyyətini əhəmiyyətli dərəcədə yüksəldə bilər.    

 

Açar sözlər:  rektifikasiya kolonu, idarəetmə sistemi, benzindən təmizlənmiş neft, müşahidə olunan 

parametrlər, nəzarət olunan parametrlər, tənzimləyici klapan 

 

 

Разработка автоматической системы управления для фракционирующей 

колонны 

А.А. Сафарова 

Азербайджанский государственный университет нефти и промышленности  

(Баку, Азербайджан) 

 

Аннотация  

 В статье исследуются процессы первичной переработки нефти и разделения сырой нефти на 

различные фракции в условиях атмосферной и вакуумной перегонки. Рассмотрена структура 

технологических комплексов, включающих трубчатые печи и простые и сложные 

ректификационные колонны, а также особенности их функционирования. Проведен анализ 

существующих систем автоматизации с учетом выполненных работ по модернизации и 

реконструкции технологических блоков. В рамках исследования обоснована актуальность 

разработки усовершенствованных систем автоматического управления, основанных на современных 

достижениях в области автоматизации. Предложены подходы к созданию систем, обеспечивающих 

стабильность технологических параметров, повышение качества нефтяных фракций и оптимизацию 

расхода топлива. В результате установлено, что внедрение предложенной системы управления 

позволяет повысить эффективность процесса нефтепереработки и улучшить стабильность 

параметров технологического режима. 

 

Ключевые слова:  ректификационная колонна, система управления, отбензиненная нефть,  

наблюдаемые параметры, контролируемые параметры, регулирующий  

клапан.
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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 

is 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.

 

 
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 
 

№ 

 

Parameter name 

 

Unit of measurement 
Range of variation 

low high 

1 Consumption of raw material m3/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.
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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]. 

 

 
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 
 

№ 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) kq/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), AI (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 AI 

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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