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ANNOTATION

This master thesis contains researches on automation of heat pump operation,
which is used in the unit for obtaining ingredients from plants using liquefied CO2.
The operation of heat pump as a source of non-stationary heat exchange has been
studied, engineering design of CO2 extraction unit heat pump has been made.
Functional diagram of heat pump automation has been developed and investigation
has been conducted. As a result, stability and steadiness indicators has been
justified, three-level structure of the ICS process control as well as control program
for manufacturing process and human-machine interface HMI of heat pump

operation control by means of remote access have been developed.

ANNOTATSIYA

Ushbu magisterlik dissertatsiya ishida suyultirilgan CO, gazi orgali o’simlik
xom-ashyosidan ingrediyentlarni olish jarayonida qo’llangan issiglik nasosini
atvomatlashtirish uchun tadgiqot ishlari olib borilgan. Issiglik nasosini nostatsionar
issiglik almashish jarayoni sifatida o’rganilgan, issiglik nasosining muhandislik
hisob-kitobi bajarilgan, rostlash tizimini bargarorlik hamda turg’unlik bo’yicha
dinamik xarakteristikalari tadgigot gilingan va asoslangan. CO, — ekstraktsiyalash
jarayonida go’llangan issiqlik nasosining ish jarayonini axborot — kommunikatsion
tizimlar orgali boshgarishning uch darachali arxitekturasi ishlab chigarilgan.
Undan tashgari jarayonini boshgarish uchun dastur hamda operator-mashina
interfeysi yaratilgan. Ishlab chigarilgan tizim masofadan turib jarayonni nazorat

qgilish, boshgarish hamda kuzatish imkoniyatlarini beradi.

AHHOTAIUA

B HacTofmmi MarucTepckou AUCCEPTALMU IIPOBEIACHBI HMCCIECHOBAHUA IO
aBTOMAaTU3allMd PabOThl TEIJIOBOTO HACOCa, MPUMEHSIEMOTO0 B YCTaHOBKE

MOJIYUCHUA UHTPECAUCHTOB N3 PACTUTCIIBHOI'O ChIPbA C IPUMCHCHUCM CXKHNKCHHOT'O



CO,. H3zyuena paboTa TEMJIOBOTO HAacOoca KaK HMCTOYHHUKA HECTAIIMIOHAPHOTO
TEIJI000MEHA, BBINIOJHEH MHKEHEPHBIN pacyeT TEII0BOro Hacoca yctaHoBku COo-
sKcTpakiumu. Pa3paborana ¢GyHKIMOHAJIbHAs CXeMa aBTOMaTH3alUuu padOThI
TEIJIOBOTO HAcoca, IPOBEAEHO HCCIEAOBaHHME H OOOCHOBAHO IOKa3aTeld
CTaOMJIBHOCTH U YCTOMYMBOCTH CHCTEMBbI PETyJIHpOBaHUs, pa3paboTaHa
TpexypoBHeBas apxutekrypa UKC ymnpaBnenus nporeccom, a Takxke pazpadoraHa
nporpaMMa YIpaBi€HHUs] TEXHOJIOTHYECKHM IPOLIECCOM M YeIOBEKO-MAaIllWHHBIN
untepdeiic UKC ympasnenus padotoii TeruoBoro Hacoca. Pazpaborannas MKC
VIOPABJICHHUS Mpoliecca MO3BOJIIET OCYLIECTBIATh KOHTPOJIb, YIPABJICHUS U

MOHHUTOPHHI pa6OTBI TCIIJIOBOI'0 HACOCA YAJICHHBIM JOCTYIIOM.



Chapter I.
1.1.
1.2.
1.3.

1.4.

Chapter 1.
2.1.
2.2.
2.3.
2.4.

Chapter III.

3.1.
3.2.
3.3.

CONTENTS
INErOAUCTION ...
Unit of CO, -extraction with the application of heat pump
Heat pump as a source of non-stationary heat exchange ...............
Description of unit of CO, -extraction ..............................
Energy saving in unit of CO, -extraction ...........ccccccevevviveeiinnnnnne
Method of engineering calculation of the heat pump of CO, -
EXETACTION ...t
Automation of the heat pump unit of CO, extraction
Development of automation functional scheme .......................
Selection of sensors and actuating mechanisms ...........c.cccecvevevenee,
Selection of programmable logic controllers and its justification
Development of regulation systems and its research ...............
Development of information - communication control system
of the heat pump unit of CO, extraction
Description structure of the information — communication system.
Development of the process control software .........................
Development of Human-Machine Interface ...........................
CONCIUSION. ... e
List Of References ......cooveiieiii e,

APPENAIXES ..ttt

11
18
21

24

31
32
38
42



INTRODUCTION

In his book "The Global financial-economic crisis, ways and measures to
overcome it," President of Uzbekistan Islam Karimov stresses: "Today we have
every reason to say that we have adopted model of transition to a socially oriented
free market economy, based on five principles, with each year of our moving
forward justifies its accuracy and consistency

The ongoing balanced and thoroughly thought-out policy of reform,
liberalization and modernization of economy, diversification of its structure has
created a rather powerful barrier, we can say, robust and reliable buffer that
protects us from negative impacts of crises and other threats "[1].

Indeed, in recent years the emphasis was placed on the increase and
modernization of production, organization of import-substituting and export-
oriented production and it gave results.

President of Uzbekistan Islam Karimov at the session of the Cabinet of
Ministers dedicated to the results of socioeconomic development in 2015 and the
most important priorities of economic program for 2016[2] told about it in his
report.

Modern production is characterized by ever-increasing complexity and
diversity of operations and equipment. The management of such process is
possible only with the widespread use of methods and means of control and
automation.

As a result of the automation of the technological process, automatic process
control system is being created.

Automation of technological processes in a single production process allows
you to organize the basis for the implementation of technological control systems
and enterprise control systems.

Automated control system of technological process (ACS TP) —is the

solutions group of hardware and software components designed for automated



control of technological equipment in the industrial enterprises. It can have
connection with more general automated enterprise control system (AECS).

Under ACS TP is usually understood a holistic solution that provides
automation of main operations of production process in the manufacturing as a
whole or in its part producing fully processed item.

The term "automatically controlled”, in contrast to the concept of "automatic”,

emphasizes the need for human participation in individual operations, in order to
maintain control over the process, and due to the automation complexity and
impracticality of the of certain operations.
The components of ACS TP can be individual automated control systems (ACS)
and automated devices, connected into a single complex. Such as supervisory
control and data acquisition (SCADA), distributed control systems (DCS), and
other smaller control systems (for instance systems on programmable logic
controllers (PLC). Typically, ACS TP is a single system of operator control of
manufacturing process in the form of one or more remote controls, means of data
processing and archiving about process progress, typical automation elements:
sensors, control devices, actuators. For data connection of all subsystems industrial
networks are used.

Nowadays, environmental and social conditions prevailing in the world require
new approaches to the manufacture of food and pharmaceutical products.
Application of some extractant which can cause toxic affect is prohibited in
pharmaceutical industry and in food industry it is limited. Modern extraction
industry is forced to use solvents with higher extracting capacity, but does not meet
the quality standards and fire safety.

The objectives of modern processing technology are the maximum
preservation of vitamins, trace elements and biologically active substances of raw
materials, the speed of processing, the ecological purity of the product, and of

course energy saving.



In the extraction technology of medicinal oil from the kernel of fruit stones,
etc., oil is extracted from the raw material by cold double pressing [3]. The oil ratio
Is 30-40% of the total amount of oil in the raw material. A grape seed oil obtained
by extraction method [3].

Central Asia is very rich with vegetable raw materials which can be used for
food ingredients, pharmaceutical substrates, as well as perfume raw materials. The
oil extracted from the fruit seeds, fruit and grape seeds, mainly used in the
pharmaceutical and food industry.

Development of energy-saving technology methods which allow getting new
high-quality products in the pharmaceutical, cosmetics and food industry, is
determined by social need of high-quality medicines and food, as well as by social
need in clean production.

Problem of substances rational use in the supercritical state in closed
technology cycles, and other high technology [4] is being actively solved in the
developed countries in the last decade.

Application of liquid carbon dioxide as extractant is one solution for this
problem. Exactly CO, - extraction is widely spread in the world. Firstly, it
depends on high profitability and production effectiveness of the process which
allows implementing not only high-quality raw material processing, but processing
of production wastes as well for main components extraction to improve the
quality of the low-grade product [5].

Different plants, spiced and aromatic products, secondary raw materials of
processing industries (grape seeds, fruit kernels, fruit and berry marc, oilseed meal,
oil cake, etc.) and products of animal origin are raw materials for CO,-extracts

Features of the vegetable raw materials structure of our region, fruit kernels
and other wastes, suggest the development of technological extraction modes with
usage of liquid carbon dioxide, the kinetics and dynamics of the extraction process
and the effect of various factors such as different kinds of kernels and seeds, their

sizes, processing temperature, the mixture of organic solvents with condensed



gases on the received amount and quality of the product.

The energy costs for heat and mass transfer processes in the primary processing
of vegetable raw materials and in the food products manufacturing comprise 70%
of the total used energy.

In the light of this, engineering and technologies foundations on CO,-
extraction designed for local raw materials shall be developed and alternative
renewable sources of energy (heat pumps) shall be used while process
implementation.

Small and medium-sized business development, the introduction of small-
capacity plants for processing of agricultural raw materials in farms poses
problems of power supply in rural areas. Hence technologies with use of renewable
energy sources, such as solar energy and heat pumps are necessary to be provided.

Relevance of the thesis research topic. System development with use of non-
stationary heat exchange process, which is the operation of heat pump and
development of control systems of these processes by modern means of control, is
necessary for solving the problems of energy saving in small-scale production
technologies of extracts with liquefied carbon dioxide usage.

Currently, the President and the Government of the Republic of Uzbekistan pay
lot of attention to the use of alternative energy sources for manufacturing
processes. This is evidenced by the order of the president of the Republic of
Uzbekistan Ne43 / 2013 dated by 01.03.2013 "On measures for further
development of alternative energy sources."

The aim of the thesis is to study the process and the development of
information and communication operation control system of the heat pump of
experimental CO,-extraction unit.

Practical significance of this work. The use of the heat pump and the
development of information and communication operation control system of the
heat pump allow:

e Reducing costs of CO, - extraction organization by reducing energy costs;



e Stabilization of the heat pump operating characteristics and operating
conditions of non-stationary thermal process;
e Provision of reliable and trouble-free operation of the heat pump in the

technological diagram of CO,-extraction.

Scientific novelty of the work.

e Implementation of engineering calculations for the heat pump of CO,
extraction unit and coefficient determination of energy conversion and the
necessary power of the heat pump for a particular technological diagram of CO2-
extraction.

e Research and justification of the stability indicating parameters and stability
of control system.

e Development of process control program.

e Development of human-machine interface ICS control of the heat pump
operation.

To achieve the set goal, the following tasks has been performed:

1. The operation of the heat pump as a source of non-stationary heat exchange
has been studied,

2. Engineering calculation of the heat pump CO, extraction unit has been
implemented,;

3. Functional diagram of automatic performance of heat pump CO, extraction
unit has been developed;

4. The research has been implemented and valid indicators of system stability
have been justified,;

5. Three-levelled architecture of ICS process control has been developed;

6. Technology process control program has been developed

7. A human-machine interface ICS control of heat pump operation has been

developed.



The volume of this thesis 99 pp. of typewritten text consists of an introduction,
three chapters, the main part, conclusion, list of used data resources and appendix.

This work has been implemented in accordance with project, State scientific
and technical program on topic A-5-7 «Development and creation of information
and communication process control system of extracts manufacturing from plant
raw material, operating under high pressure with liquefied gas." This project is
carried out at the Department of "Information and Communication systems in a
Control Technological Processes™ BETI.

On the subject of this thesis were published the following:

1. Gafurov B.K., Mekhmonov I.1. «Heat pump by way of a non-stationary heat
source» // “®an 6a mexuonoeusnap mapakkuému”’ UIMULi-MexXHUKABUL HCYPHAIU,
2015 wiun, Ne2. - 52-57 pp.

2. Fayziyev Sh. 1., Ibragimov U.M., Gafurov B.K. «The development systems
of automatic regulation of temperature in a heat exchanger» // Mamepuanvi
MeNHCOYHAPOOHOU HAYUHO-NPAKMUYECKOU KOHpepenyuu «AxkmyanvHvie npoobaemvl
ompacnet xumuieckou npomviuiienHocmuy - byxapa, 2015. - 66-68 pp.

3. Gafurov B.K., Mekhmonov I.I. «Architecture of automated control systems
of unit for the production of ingredients from vegetable feeds with application of
liquid CO, // “Texnuxa ea mexmonocusHune 00N3aAPO MYAMMOAAPU, VIAPHUHS
9HEP2OMeIAHCAMKOp 8a UHHOBAYUOH euumaapu’ Pecnybnuxka uimuti-mexHux
anarcymanu mamepuannapu |-kucm, 2016. — 62-64 pp.

4. Gafurov B.K., Mekhmonov I.I. «Ground heat pump — step to future!» //
Mamepuanvt hayuno-npaxmuueckoti koughepenyuu -byxapa, 2015. - 64-66 pp.

5. Gafurov B.K., Mekhmonov I.I. «Thermal conductivity on the non-
stationary heat exchange mode» // Mamepuanrvr nayuno-npakmuueckou

KoH@pepenyuu. -byxapa, 2015. - 66-68 pp.

10



CHAPTER 1. UNIT OF EXTRACTABLE CO, WITH THE
APPLICATION OF HEAT PUMP
1.1. HEAT PUMP AS A SOURCE OF NON-STATIONARYHEAT
EXCHANGE

Heat exchange is spontaneous irreversible process of heat transfer in space
with a no uniform temperature distribution, or heat transfer process, occurring
between the bodies with different temperatures.

Non-stationary heat exchange processes are accompanied by temporally
change of temperature, internal energy as well as substance enthalpy and are
observed while heating (cooling).

Heat transformers can be mentioned as an example of non-stationary heat
exchange.

Heat transformers (or thermal transformers) are technical systems, in which
energy removal is carried out in the form of heat from the facilities with relatively
low temperature to the heat receivers with higher temperature. Such transformation
is called the increasing in heat capacity and cannot occur spontaneously according
to the law of thermodynamics. Energy input of particular type: electrical,
mechanical, chemical, kinetic energy of gas or vapor flow, and others is necessary
to increase the heat capacity. [6].

Processes of heat capacity increasing are usually classified [6] depending on
the position of temperature levels: upper — heat receiver T, and lower-hot body 7,
in relation to the environment temperature 7, ., accepted in most cases as equal to
20°C (293 K). In case, if the temperature of hot body is lower than the environment
temperature 7,<T,., and heat receiver temperature is equal to this temperature
T,=T,., heat removal is carried out, system (heat transformer) is called refrigerator
(class R - from the English word refrigeration - cooling).

At T6<T,. u T,>T,. corresponding heat transformer is called heat pump. Heat
pump — a device for transferring thermal energy from low-grade heat source (with

low temperature) to the consumer (heat transfer media) with higher temperature
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(Fig. 1.1.1) [7]. At heat pump systems heated rooms or heated elements of process
equipment are considered as heat receivers —cooling medium to which the heat
from cooled unit is transferred.

Energy increasing is formed by the increasing of pressure achieved by the
electric compressor drive. Temperature level of heat supply from heating pumps is
35-65°C. Energy saving can reach up to 70 %. Industry of technically developed
countries produces wide range of heat pumps with heat capacity from 5 to 1000
kKW [68].

Compressor

Compressing

Evaporator |~ -ﬁj"’"""':':-:'\é‘ c Condenser
- _//// Y -9
2 [ T
® z
S ‘ @
o ) ‘8
S A\ ]
. Ll NN s / Q
Heat-absorption g Heat output

Expansion

Thermal expansion
valve

Fig.1.1.1. Diagram of compression heat pump

1-Condenser; 2- Thermal expansion valve; 3-evaporator; 4-compressor.

Heat pump performance capability. Heat pump performance capability € is

determined in the following way:

Q
= 1.1
¢ Cmin(Th,in —T, ,in) ( )

[

Where Q — is heat flow; Ci,- heating capacity, determined as multiplication of
specific heat capacity and mass rate of hot and cold transfer mediums, depending
on whichever is less; Ty, and T i, — temperatures at the input of hot and cold heat

transfer medium respectively.
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Theoretically it can be proved, that under the other conditions being equal, the
effectiveness of countercurrent flow heat exchanger is higher than concurrent heat
exchanger or cross flow heat exchanger. For instance, if heating capacities of hot
and cold heat transfer media are equal, maximum performances for countercurrent
flow, cross flow and concurrent heat exchangers are equal to 1, 0,75, and 0,5
respectively [7].

While operation, compressor consumes electrical power. The ratio of energy
generated by the heat pump unit and consumed power of compressor is called
transformation ratio. (or heat transformation ratio) and serves as indicator of heat
pump effective performance. This value depends on the difference in temperature
levels in the evaporator and the condenser: the greater the difference, the smaller

Is the value, as the required consumed power of compressor increases.

1.1.1. PRACTICAL USE OF HEAT PUMPS

Rooms heating. Diagram of heat production with the help of subsurface heat
pump is shown on the fig.1.1.2.

Radically new heating system of the house can be called the heating system
with geothermal heat pumps use. [8]. Such pumps are complicated and high-tech
devices used for heating and air-conditioning, the operating principle of which is
based on the latest achievements of physics and thermodynamics. The main
distinguishing feature of such systems is that the heat is taken directly from the
ground or air, without burning any fuel. Electricity is used only for pumping of
heat transfer media. Modern heat pumps use no more than 2.5 kW / h of electricity
to produce 10 kW of heat.

The main parts are the compressor, restrictors system, evaporator and
condenser. Sealed pipes of sufficiently large diameter are lowered into the ground
to a depth of several tens of meters, where the temperature of the soil and
underground water at any time of the year is not less than 10 °C. With or without

pump fluid freely circulates in the circuit. Freon is located in the restrictors
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surrounded by pipes with circulating heat transfer media. By means of a special
expansion valve they are connected to the piping system with much smaller
diameter, which are connected to the condenser. The condenser, in turn, is
connected to a hot water or heating circuit with the help of the heat exchanger.
Fluid mediums in the heating system and the heat generation system are not in
contact.

Freon is injected by the compressor into the pipes of larger diameter
performing the function of evaporator, than this gas expands and intensively
cooled down. While this, it actively takes heat from the ground. Coming through
the valve from compressor to the compression zone, gas is condensed to the state
of fluid phase and rapidly heats. Condensate temperature can reach 1300 °C. In
such mode ground deep heat heats the rooms on the surface. The system is
working according to reverse Carnot cycle. If there is a reverse valve, operation in
the air conditioning mode is possible, in other words heat is taken from the surface

and given to the ground while refrigerant evaporation.

‘ ‘ ‘ ‘ ‘ ‘ | heating system

rarefied gas

hot gas

Compressor

Electric energy

Condenser

Heating energy

Warm environment
Expansion valve

Fluid Prime steam i T

Collector

v .
Fig.1.1.

2. Subsurface heat pump operating diagram [8]
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Collector for heat pump is installed at the space between the compressor and
subsurface pipelines. This collector allows distributing of fluid heat transfer
medium to the contours, lying on the different depth and to the different loops,
branching horizontally in the ground depth. Automatic mechanism installed on the
pumps actuates the compressor or shuts it off depending on the set room
temperature. Almost all manufacturers have the same principal diagram of heat
pump.

Dehydration and water extraction. Use of heat pump units (HPU) gives
opportunities for increasing power efficiency of drying devices. This question was
covered in the number of book sources. [9, 10].

Principal diagram of heat pump dehydrating unit with air heat exchanger-
recuperate [11] is shown on the Fig.1.1.3.

Active medium (refrigerant) is soaked by the compressor, compresses until the
condensing pressure P, and directs to the condenser. While condensation, it gives
heat to the drying agent, and then moves to the regulating valve, where it is
restricted until the pressure P,. With this pressure active medium comes to the
evaporator and evaporates with the help of exhaust drying element (air), which is
cooled and at the same time dried lower than the drop point. Released moisture
separation occurs in the moisture separator (separator) 4, after which the air enters
to the heat exchanger- recuperator 5. In the heat exchanger the air is pre-heated.
Than the air directs to the condenser of heat pump 7 and heated up to the required
temperature, with this temperature the air is supplied to the drying chamber. 6. The
exhaust drying agent passes through the heat exchanger 5, where due to its heat air
preheating occurs and then enters to the evaporator 3, cooled and dried.

The use of air-heat exchanger-recuperator reduces the load on the heat pump
condenser; it increases the power efficiency of the unit. Heat pump units can
operate in the full recirculation mode or with the partially discharge of exhaust air.
In some diagrams («disconnected by air») exhaust drying agent enters to the

evaporator, and in the condenser only external air which enters the drying chamber
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Is heated. If only external air is supplied to the evaporator, power efficiency of
HPU is reduced for about 25 %. Due to it, freezing of evaporator is also possible.
In recent years, heat pump dehydrating units (HPDU) are used in a number of
countries (Switzerland, Germany, USA and others.) to dehydrate various materials
and, in particular, agricultural products [12].
] Selection of

), the exhaust
air

drying agent
working fluid

Fig.1.1.3. Principal diagram of HPDU with air heat exchanger:

1- compressor; 2- regulating valve; 3- evaporator of active medium (air
cooler and air dryer); 4- separator (for separation of condensed vapor); 5-heat
exchanger -recuperator (for preheating of entering air); 6 — drying chamber 7-

active medium condenser (main air heater); 8- fan;

Boiling and evaporation processes. Energy advantage of recompression while
evaporation is the same, as while drying process. As the concealed heat of
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evaporation returns while vapor condensation, power input is required only for
compressor drive. If temperature difference between the evaporation and the
condensation is kept within the limits of 7 °C, power input considering compressor
efficiency coefficient comprises about 70 kJ / kg. About 2790 kJ/kg is consumed in
the conventional single-stage evaporator, and 465 kJ/kg is required in six-stage
unit of high efficiency.

Mechanical vapor recompression is used for three main processes:

1) generation of more concentrated product;

2) reducing the volume of wastes;

3) water recovery for its reuse.

The most successfully recompression is applied for the concentration of a very
dilute raw material, as less temperature difference of vapor condensation and
boiling of flowing liquid is required. With the increasing of concentration, boiling
temperature of solution increases as well. The temperature can become too high for
vapor compression systems.  Another limitation is the impossibility of operation
with high-viscosity liquids. In multi-stage evaporators recompression of vapor can
be used only on the first stage, when the solution is relatively diluted.

High viscosity liquids are usually processed in special evaporators with thin
film. They are operating with a large temperature difference, about 80 ° C, at a
high density of heat flow and maximum use of heating surfaces [7]. Temperature
increasing to such level and use of compressed vapor in the same machine require
the compression ratio about 10, however the maximum achievable compression
degree in one compressor stage does not exceed 1.8.

Another large area of heat pumps application is distillation [8]. Non-water
vapor is usually formed in the distillation columns, therefore compressors capable
to operate on the distilled products or in closed circuit on the average cold carriers
are required here.

Average distillation column is provided with a reboiler and condenser.

Reboiler is heated with water vapor, and condenser is cooled by a special system,
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maintaining the necessary condensation temperature. Use of condensation heat for
replacement of reboiler vapor heating is the direct way of heat pump use for
reducing the distillation energy. Hence, reboiler becomes the heat pump condenser.
To reduce the power of compressor, it is required to maintain as lower as possible
difference of temperatures between the reboiler and the condenser, herewith
increases the surface and the cost of heat exchangers. So, the compromise solution
shall be found. Careful design of heat exchanger is required, as the heat pump
increases the temperature for not more than 20 ° C and very low difference of
temperatures is required while heat exchange.

Power consumption for implementation of heat and mass exchange processes
in the primary processing of raw material and in manufacturing of food products
comprise 70% from the total consumed energy. Mostly it is drying, conservation of
agricultural raw material, as well as heat and mass exchange processes of oil
production. In these production areas the use of rejected heat is not enough, and the
use of solar energy with heat pump application is missing in the manufacturing.
[11]. While this, the widespread use and automatic control of heat pumps operation
as a stationary source of heat energy is particularly important.

In summary it can be claimed that the use of heat pump in the heat energy
supply of rooms or in the operational procedures, such as evaporation or
dehydration is cost-effective as the heat pump conversion ratio reaches a value of
5, it means that for 1 kW of consumed electric power, heat pimp produces up to 5
KW of heat energy. During the automation of heat pump the process becomes even
more cost-effective, as installed automatic mechanism regulates the operation of

compressor depending on the set temperature in the room or in the processing unit.

1.2. DESCRIPTION OF UNIT OF CO, -extraction

Unit for the extraction with carbon dioxide are classified in [13, 14] by
operating modes:

- For extraction at subcritical pressure and temperature parameters;
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- For extraction at a pressure above and temperature below the critical level;

- For extraction with compressed above critical carbon dioxide;

- For mixed processes - multistage.

In the unit of the first type extraction is carried out in a biphasic system, and its
principle doesn’t differ from the extraction by means of typical solvents: there is an
extractor, an evaporator, a condenser. The following two types of unit are different
as certain components may be absorbed from them depending on pressure and
temperature. The extract is separated from the extractant as a result of process
parameters (temperature and pressure) changing. Volatile products are better
separated at liquid gas installations under above critical pressures, whereas semi-
volatile components are better separated at installations under above critical
pressures and temperatures.

Equipment and technology, developed at the department of " Information and
Communication systems in a Control Technological Processes " of Bukhara
Engineering and Technology Institute, allow to obtain qualitatively new highly
concentrated extracts from local raw materials. [15]

Basic operating parameters of the process are the pressure and temperature of
the extractant in the extraction circuit, where the simple variation of the operating
parameters allows for directional changes in the composition of the final extract.
Incombustibility, low toxicity, and chemical inertness are considered as important
advantages of the liquefied CO, while its application as the extraction solvent in an
industrial scale.

Installation unit (Figure 1.2.1), designed to obtain the herbal ingredients with
application of liquid CO,, consists from tank |, heat exchanger 1l, high pressure
extractor 11, separator IV, coil extract heater V, CO, gas cylinder VI, compressor
VII, condenser VIII and heat pump compressor 1X.

Extractant feed system consists of a heat exchanger Il, extractor Ill, tank I,

separator 1V, control valve 1 and shut-off valves 2.
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Temperature is controlled by the signal coming from temperature control
system from TSM type resistance thermometers (copper resistance thermometers)
installed directly at the inlet and outlet of the working chamber of the extractor.
Extractant consumption can be changed by means of control valve 1, set according
to the pressure gauge installed at the outlet of the extractor’s working chamber.

product gathering system includes a separator IV, extract coil heater V and
shut-off valves 3,4.

Condensation system consists of the condenser VIII and shut-off valve 5.

Active agent of the heat pump evaporator is used as refrigerant.

VII __
|
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VI Ozg————A e
— O%M
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Fig.1.2.1. Unit principle diagram

I-tank; I1- heat exchanger; Il1- extractor; IV- separator; V- extract heater; VI-

CO; cylinder; VII- compressor; VI1I- condenser; 1X- heat pump compressor.

The process of CO, extraction at the installation unit is performed as follows:
plant material grinded beforehand is loaded into a mesh container, which is
installed in the extractor Ill. After extractor sealing the process system with
product is purged with gaseous CO, for air removal.

Carbon dioxide, compressed by compressor VII to a pressure of 8 MPa at t =
35°C, turns into liquid and enters condenser VIII, where it is cooled by active agent
of the heat pump to t = 30-31°C, completely condensed, cooled down to t = 25-
30°C, and accumulated into container 1. Consequently, it is fed into extractor 11|
through heat exchanger Il. After passing through plant material layer, extractant
withdraws soluble components (e.g., grape seed oil) and miscella exits through the
bottom part of the extractor. When passing through the expansion valve 4, pressure
and temperature of above critical CO, is reduced below the critical parameters (P,
= 6.0 ... 6.5 MPa and t, = 20 ... 30°C) and carbon dioxide transfers into gaseous
state. Settlement of CO, extract dissolved in SC is performed in separator V.
Gaseous carbon dioxide is compressed until the operating pressure, liquefied in the
condenser unit VIII, and the cycle repeats.

The flow diagram shows additionally connected heat pump for gaseous CO,
cooling in the condenser and extract heating in the separator (calculation and
operating principle of the heat pump is shown in the following paragraphs).

Basic technical specifications of the test installation: extractor volume - 1,25 I;
separator volume - 3.0 I.; maximum pressure - 15 MPa; maximum temperature -

60°C; extractor maximum specific consumption - 4.0 liters of CO, / (min).

1.3. ENERGY SAVING IN UNIT OF CO, -EXTRACTION
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Application of heat regeneration devices as renewable energy sources (heat
pumps) significantly affects the efficiency of the extraction process in terms of
power saving. Thus, in operation [16] there is the analysis of energy consumption
calculation results in the processing of hops at the enterprise with capacity of 15
tons per day (parameters of extraction: P = 300 bar, t = 60°C; separation
parameters: P = 60 bar, t = 20°C, the mass flow rate of carbon dioxide - 10 kg / h
per 1 kg of hops, extraction time - 4 hours).

Comparison of energy consumption for various types of above critical
extraction of hops processes is shown in Fig. 1.3.1. Heat regeneration reduces the
amount of input and output heat which increases the mechanical work. Figure
1.3.2. shows energy consumption of various options of above critical hops
extraction. Cost of energy types, underlying the calculations, had the following
values: mechanical work- 0.13 CU/ kW-h; input heat - 36.0 CU / MJ; output heat -
67.0 CU / MJ. In variant C a higher quality product with energy saving is

supplemented.

L, kJ/kg 01, kJ/kg gz kJ/kg
10000 2500 8000
8000 2000 6000
6000 1500
4000
4000 1000
2000 200 2000
0 0 0 -
A D ¢ A i £ A B ¢
a b c

Fig.1.3.1. Energy consumption of the above critical hops extraction [16]:

a) L- in the form of mechanical work (compressor operation); b) g, — in the

form of input heat; ¢) g, -in the form of output heat;

A - without heat regeneration, B — with heat regeneration (heat pump between
the condenser and evaporator), C — with heat regeneration (heat pump between the

condenser, heat exchanger and evaporator).
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Fig.1.3.2. Cost of energy consumption in the various types of above critical

hops extraction processes (CU / kg) [16].

The application diagram of the heat pump in the proposed CO, extraction

installation unit is shown in Figure 1.3.3.
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Fig.1.3.3. The application diagram of the heat pump in the proposed CO,

extraction unit

I-heat pump compressor; Il- separator for oil bleeding from extractant; I11-

condenser; IV-regulation (expansion) valve

In our case, the separator’s coil performs as the condenser, where the active
agent emitting the heat, maintains the desired temperature for the separation of the
extractant from the extracted oil, whereas, one of the extractant condenser pipes
performs as the evaporator, where the active agent evaporates by taking heat from

the extractant.

1.4. ENGINEERING CALCULATION METHODS’ OF THE HEAT
PUMP OF UNIT CO, EXTRACTION

Fig.1.4.1. (a and b) shows diagram and operation process of heat pump of
CO;test installation in chart i(h)-IgP .

According to numbers of points in Fig. 1.4.1. (a, b) it is possible to check the
progress of all processes realized in the heat pump cycle. Point 1 in the chart and

diagrams corresponds to the state of dry saturated vapor formed as a result of
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complete evaporation of liquid phase of refrigerant in the heat pump evaporator
H. Boiling of operating medium in the evaporator is performed under constant
pressure P, (isobaric process) and under a constant temperature to. Vaporization
heat is taken from sources with low temperature. The pressure is typically
selected close to atmospheric.

Overheating of vapor from point 1 to point 2 takes place in the pipelines
leading to the compressor K,,. Process 1-2 - isobar with temperature rise up to
overheating t, (temperature values in the charts are usually given in °C).
Overheating by 5.10 degrees or more is provided in the circuit design for

ensuring reliable operation of the compressor.
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Input miscella CO: output :
t =32-350C t =35 0c Oil output
=350C

t; =30°C t;=35°C

- * CO: input P = 8 MPa
CO: fluid output o t = 350C
P = 8 MPa
t =25-30°C

Legends:

Kwm (1) — heat pump compressor;

K-heat pump condenser, simultaneously Il1-separator for process system;
H-heat pump evaporator; simultaneously 11 — condenser for process system;
PB — control (expansion) valve;

IV- accumulator tank;

HV- oil drain pump.

Fig.1.4.1. i(h)-IgP graph (a) and principle diagram (b) of heat pump

operation for test unit of CO,-exctraction

Furthermore, compression occurs in the compressor (process 2-3) within a
line which in a real case could be called "polytrophic”. In order to determine the
position of the end point 3 after compression in real compressor it is convenient
to use, first, the compression line for ideal compressor (2-3 '), which is an is
entropy (ideal compressor compresses adiabatically with entropy s, = s; = const).
Constant entropy lines allow to find point 3’ at the intersection of is entropy 2-3'

with condensation isobar P, in any coordinate charts. The pressure Py is
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determined by the required heating temperature of heat carrying agent for the
heat consumer.

Transition from point 3" to point 3 is performed by indicated efficiency of
real compressor compression n;. This efficiency can be calculated with sufficient
accuracy by a rough estimate:

1o

N =4

where T, and T, — evaporation and condensation temperatures, respectively,
K.

Enthalpy of operating medium in the ideal compressor during compression

changes to Aiiq = i3 - I, and in the actual compressor increases by

L:
Aig =2
Thus, enthalpy of point 3:
i, —1i
is =£2+md=£2+—3T 2
ig
T

Overheated vapor in state 3 is fed at a sufficiently high temperature t; in the
condenser where it is first cooled in isobar until dry saturated state (point 3 ")
and then condensed to a liquid state (point 4), thus giving a total heat energy Q.
Quantity gx equals to the amount of energy received during boiling of the
refrigerant in the evaporator, ¢, and energy equivalent to compression work of
the refrigerant in real compressor lg. Refrigerant’s compression work is called
internal work |, and is determined by the difference in enthalpy I, = is-i..

Thus, refrigerant’s heat output in condenser and heat input by heat carrying
agent,

Qk=Co-lp=l3-14, kJ/Kg.

Condensed and cooled liquid is under pressure Py. In order to reduce pressure
to Po liquid refrigerant passes through control expansion valve PB, whereas
refrigerant’s temperature decreases.

Constant enthalpy process takes place practically adiabatically, for this
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reason the process 5-6 is considered isenthalpic with great accuracy, ie
Is=lg=const. Point 6 is located at the intersection of isenthalpic line (in
coordinates i-IgP it is vertical) with isobar P,. Herewith, the refrigerant is
partially vaporized.

In the evaporator, the liquid boils at temperature t, (lower than the low
potential source temperature), taking the heat of vaporization from heat emitter:

Calculation of the heat pump cycle is performed in the following sequence:

1. Temperature head between heating mediums in condenser and evaporator
is selected. They are shown in Fig. 1.4.1. (b);

2. Refrigerant is selected. R-21 (fluorodichloromethane) CFCL2H is used as
active agent, which refers to a high-class safety, has a low cost, relatively high
value of heat transformation ratio, and its flow rate allows application of piston
and centrifugal compressors. Compression ratio and the condensing pressure can

be easily adjusted. [17].

3. Overheat temperature (point 2) of active agent is selected t; = 20°C.

4. Compression  efficiency of real compressor is  estimated

T, 293

ni‘. :: ﬂnn:DIQS

5. Parameters of all characteristic points are determined and put in table.

Point | Pressure, Temperature  |Enthalpy, I,
number | mPa T, K t, °C kJ/kg
1 1.08 285 12 295
2 1.53 293 20 307
3 2.55 308 35 347
4 1.84 298 25 311
5 1.53 293 20 178
6 0.88 279 6 178

6. Heat transformation and conversion ratio is determined - u.
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This ratio shows the ratio of thermal output of the heat pump to the consumed

work:

H=T

where g; — heating capacity of heat pump, kJ/kg; | — consumed work in heat
pump considering all losses at drive unit, kJ/kg, |=ly/yn = where 5, — drive
efficiency, ~0,9.

Thus, value of x can be calculated using parameters from design table:

I —Is 347/—-178
#:gz:g : nm:afiﬂ GH’TD’95:4

In the numerator - difference between the enthalpy includes vaporization heat
Jo and heat equivalent with internal operation of the compressor, and in the
denominator - only operational cost (including #y). Thus, heat transformation
ratio (sometimes called as thermal efficiency ratio or heat pump performance) is
greater than one, which means thermal efficiency > 100%. However,
transformation ratio shall not be mixed with unit efficiency.

Specific operating consumption of real heat pump:

[ I3 —1 347 — 307
=—=—"—2—= =0,25

—~ s * e AT 170" N nAc

Reciprocal value of the specific work is considered as heat transformation

ratio:

7. Electric drive power for heat pump compressor is calculated:

N=23,-Q, =0,25-544=136kVt

where Qq- heat load of heat pump, kW; 3; — specific operating consumption
of real heat pump.

Electric drive power is selected with allowance of 10 ... 15% of the design

29



value.
Evaluation of heat pump effectiveness, characterized by the value of the heat
conversion efficiency is 4 times that can significantly reduce energy costs for

condensation and maintain the desired temperature in process of extracting

removing.
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Chapter II. AUTOMATIZATION OF CO2-EXTRACTION UNIT WITH
HEAT PUMP APPLICATION
2.1. DEVELOPMENT OF AUTOMATIZATION FUNCTIONAL
SCHEME

Main purpose of automatization functional design — is the selection of the
devices and automation means with functions which promote the best conditions
for production process: maximum outcome of production with the best quality
under the full-proof operation. To accomplish this, process equipment shall be
equipped with the following devices and automation means:

- measuring converters (MC);

- secondary measuring devices (SMD);

- programmable a logic controllers (PLC);

- actuating mechanisms (AM);

- regulating units (RU).

Flow meter (pos.1-1) which sends a unified signal of 4 ... 20 mA to Arduino
UNO R3 controller (pos. 1-2) and shows the miscella consumption in situ is
installed at the separator inlet. The controller transmits the processed signal to the
AWS (pos. 1-3). When the flow parameter is higher than the set value, controller
sends discrete signal to the compressor starter (pos. 1-4) of heating pump. Data
logging is carried out in AWS and, if necessary, data printing is also possible.

To maintain a desired temperature for the separation of the extractant from the
extracted oil, temperature in separator should be between 30 - 30 ° C. Temperature
sensor (pos. 1.2) which indicates the value at the place and directs 4 ... 20 unified
signal to the controller is installed in the separator. Sensor signals if there is
deviation from the set values.

Level sensor (pos.3-1) which sends standardized signal 4 ... 20 mA to the

controller and shows the level in-situ is installed in separator. When the flow
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parameter is higher or lower than the set value, controller sends discrete signal to
the starter switch-off valve (pos. 3-2) installed at the inlet pipeline to the separator.

Pressure release by means of throttle valve is carried out in order to reduce the
temperature of the active agent and measure its aggregation state. To measure the
active agent pressure sensor (pos. 4-1) is installed in front of the throttle valve.
Sensor sends a unified signal of 4 ... 20mA to controller and shows pressure in-
situ. Controller delivers discrete signal 230B to the drive of the throttle valve (pos.
4-2).

2.2. SELECTION OF SENSORS AND ACTUATING MECHANISMS

Measuring device SITRANS TF2 of SIEMENS production (Germany) is
used for temperature measurement.

Temperature-measuring transducer SITRANS TF2 (fig. 2.2.1.) integrates
three components in one device: resistance thermometer Pt100 in the protective
tube from stainless steel;

e case from stainless steel with high protection class;

e integrated, parameterized by three buttons measuring converter with LCD.

Used for indication and control of measured temperature in the installation place.




Fig.2.2.1. Temperature measurement SITRANS TF2 with output signal

4...20 mA of company Siemens

Copper is used as a sensing element; It is very convenient because it has a low
cost, high temperature coefficient, it is easily obtained in pure form. Resistance
thermometers are preferred for low temperature, have high accuracy and reliability.

Measuring range: from -50 to + 200 °C;

There +/- alarm limit value on the LCD, as well as with red light-induced diode
(LID).

There is the possibility to display according to the place at different
temperature units (° C, ° F, ° R or K).

Output signal 4 ... 20 mA, 2-wired, that allows the connection to the controller
without secondary instruments.

Measurement deviation at the temp. 23 ° C is equal to - 0.2%.

Electromagnetic flow meters Rosemount 8700 series (Fig. 2.2.2.) are

designed to measure the volume flow of liquids, gases etc.

Fig. 2.2.2. Electromagnetic flow meter Rosemount 8700.
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Used in automatic control and process control systems in power industry,
chemical industry, food industry, paper industry and other industries as well as in
the systems of liquids commercial metering.

Main advantages:

e Application for measurement the aggressive media consumption;

¢ Wide range of sizes;

e Variety of electrode materials and linings;

e High accuracy of measurements;

e NoO moving parts;

Measured medias: liquids, gases etc.

Nominal diameter (Dy) 4...900 mm

Limits of the basic relative inaccuracy up to +0,25% (option =+0,15%)
Measured media speed flow range from 0,3 to 10 m/s

Pressure of the measured media 0,05...15 MPa

Output signals: 4...20 mA, HART, pulse-frequency, Foundation Fieldbus.

Flange and flange-less models have explosion-proof design.

Pressure sensor Metran-150 (Fig. 2.2.3.) is used for pressure measurement.

Pressure sensors Metran-150 are designed for operation in automatic control
systems, regulation and control of technological processes and provide continuous
transformation ~ of measured values - excess and absolute pressure, pressure
difference hydrostatic pressure of neutral and aggressive medias to the unified
current output signal of remote transmission and digital signal on the basis of
HART- protocol.
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Fig. 2.2.3. Pressure sensors Metran-150 with output signal 4...20MA.

Sensors Metran-150 are designed to convert pressure of active medias: liquid,
steam, gas into a unified current output signal and a digital signal on the basis of
HART-Protocol.

Pressure difference sensors can be used in devices intended to convert the
value of liquid level, liquid consumption, steam or gas to the unified current output
signal and digital signal on the basis of HART-protocol.

Measured medias: liquids, including oil products; steam, gas, gas mixtures;

Ranges of measured pressures: from 0,025 kPa — to 68 MPa;

Output signals: 4-20 mA with HART-protocol; 0-5 MA;

Basic mentioned inaccuracy is up to +0,075%; options up to +0,2%; +0,5%;

Environment temperature range is from -40 up to 80°C; from -55 up to 80°C;

Readjustment of measurements ranges is up to 100:1;

High performance stability;

Floating level sensor (fig. 2.2.4.) with analog output signal 4..20 mA
OWEN II1Y-M is used for level measurement.

35



foo_——

Fig. 2.2.4. Floating level sensor with analog output signal 4...20 mA OWEN
nay-u.

Magnetic floating level gauge structurally consists of a measuring rod and a
magnetic float moving along the rod. Seal switches with spacing 1 seal switch for
10 mm length are installed inside the rod. Output resistance of sensor which is
processed by measuring circuit and converted into the analog current signal 4 ... 20
mA changes due to the rise or fall of liquid level while changing the float vertical
position. Thus, the output signal of the analog level gauge is directly proportional
to the liquid level. Seal switches are used in sealed plastic cases as sensitive
elements.

Shut-off electromagnetic valve

Solenoid-operating valves Series ZS (Fig. 2.2.5) are intended for control of
active media flow (liquid, vapor, gas, oil), at existing active media temperature
from -5 up to +80°C.

Fig. 2.2.5. Solenoid-operating valves Series ZS

Operating pressure is from 0 up to 20 bar;
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Valves series with direct control is actuated directly by solenoid magnet.

Brace case (steel if required, allows to use valve for aggressive medias);

Valve’s action is based on the opening or locking of the wired valve’s hole in
the valve pair.

Two-lined, on-off position

Normally locked / normally opened

Different versions of coils voltage: 12V, 24V, 220V

The starter of brand SIRIUS 3RW30 (fig. 2.2.6.) of Siemens production
(Germany) is used as actuating mechanism to get the ingredients from plant
material by liquefied carbon dioxide for heat pump engine activation and throttle
valve ZM.

S T )

e U111
. .

Fig. 2.2.6. The starter of brand SIRIUS 3RW30 of Siemens (Germany).

Starter SIRIUS 3RW30 type 141BB14 provides inrush current control of
three-phase asynchronous motors from 0.25 to 55 kW. Also, the starter can be used
in single-phase networks. In the standard application the Soft Starter controls the
voltage on two phases, maintaining a minimum current value during acceleration.
3RW30141BB14 series devices allow you to adjust the time of acceleration and
coasting in the range from 0 to 20 seconds.

The equipment is simple to configure. Required parameters (duration and start
voltage) are set using potentiometers located on the front of the starter. LEDs are
responsible for an indication of the current operating modes. Device fastening is
carried out on 35 mm DIN-rail. Sirius 3RW30 soft starter equipped with built-in

bypass contactor of power semiconductors, which help to minimize power loss.
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Soft starter 3RW30141BB14, standard size s00, 6.5a, 1,5xW/250v, 40 deg.,
rated operating voltage 200-480 VAC, rated voltage of control circuit us 110-230v
ac/dc, screw terminal.

The throttle valve ZM (fig. 2.2.7.) is switch-off valve, which consists of
flangeless throttle and electric drive. It can be included to the automatic cut-off
system which prevents the danger of natural gas, biogas, hydrogen or ammonia
explosion in industrial facilities. Electrical control allows you QUICKLY AND
EFFECTIVELY to block the flow of gas or air through the pipes of large diameter.

Main Specifications

Nominal pressure of the valve: 0.6 — 1.6 MPa

Operating temperature range: -40°C ... +70° C

Power supply: 220-230 V (for unlocking and locking the valve)

Unlocking / locking valve: electric, while 12

Medium: natural gas, biogas, hydrogen, ammonia, etc.

Fig.2.2.7. The throttle valve ZM

2.3. SELECTION OF PROGRAMMABLE LOGIC CONTROLLERS
AND ITS JUSTIFICATION

While development the functional automatization diagram of unit for obtaining
ingredients from plant material by liquefied carbon dioxide programmable logic
controller (PLC) Arduino Uno R3 company «Arduino» (Italy) has been used for

the control of process parameters.
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Arduino Uno R3 PLC (fig.2.3.1.) collects data from the process control item,
distribution of control signals to the actuating mechanisms. Controller is a
computing device designed for use in the industry considering the requirements of

reliability, operational safety, ease of maintenance.

MADE

Fig .2.3.1. Arduino UNO R3PLC

Arduino Uno controller is built on the ATmega328. The platform has 14 digital
input / outputs (6 of which can be used as PWM outputs), 6 analog inputs, 16 MHz
crystal oscillator, USB connector, a power connector, the ICSP connector and the
reset button. For operation the platform is necessary to be connected to a computer
via a USB cable or power shall be supplied using the AC / DC adapter or battery.

Power supply

Arduino Uno can be powered via the USB connection or with an external
power source. The power supply is automatically selected.

External power supply (not USB) can be supplied through a voltage converter
AC / DC (power supply unit) or battery. The voltage converter is connected by
means of connector 2.1 mm with a central positive pole. The wires from the battery
terminals are connected to the Gnd and Vin power connector.

Platform can operate at the external power supply from 6 V up to 20 V. When
the supply voltage is below 7 V, 5V output provides less than 5 V, in this case the
platform can have unstable operation. In case of more than 12 V, voltage power
regulator can overheat and damage the board. Recommended range is from 7 V to
12 V.

Power terminals:
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e VIN. Input is used for power supply from external source (without 5 V from
USB connector or another regulated power source). Voltage supply takes place via
this output.

e 5V. Adjustable voltage source used to power the microcontroller and the
components on the board. Power can be supplied from the output VIN through the
voltage regulator, or from the USB connector, or another regulated 5V voltage
source

e 3V3. Voltage at the output 3.3 to the generated by integrated voltage
regulator on the board. Maximum current consumption is 50 mA.

e GND. Grounding terminals.

Memory

ATmega328 microcontroller has 32 Kb of flash memory, 0.5 Kb of which is
used for loader storage, and 2 Kb of data RAM (SRAM) and 1 Kb EEPROM.

Inputs and Outputs

Each of 14 digital outputs Uno can be configured as input or output, using
functions pinMode(), digitalWrite(), and digitalRead(). Outputs operate at the
voltage 5 V. Each output has pull-up resistor (disconnected by default) 20-50 kilo-
ohm and can transmit up to 40 mA. Some outputs have specific functions:

Serial bus: 0 (RX) and 1 (TX). Outputs are used to obtain (RX) and transmit
(TX) data TTL. These outputs are connected to the corresponding microchip
outputs of serial bus ATmega8U2 USB-to-TTL.

External interrupt: 2 and 3. These outputs can be configured for the interrupt
call or on the lower value, or on the leading or trailing edge, or while value
changing. Detailed information can be found in the function
description attachinterrupt().

PWM: 3, 5, 6, 9, 10, u 11. Any of the outputs provides PWM with 8-bit
resolution using analogWrite() function.
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SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). SPI connection is carried out
by means of these output pins, for this purpose SPI library is used.

LED: 13 Built-in LED is connected to digital output pin 13. When the value on
the output has a high potential, the LED lights up.

Platform Uno has 6 analog inputs (denoted as A0 ... Ab), each of them has 10-
bits resolution (in other words they can havel024 different values). Basically,
outputs have measuring range up to 5 V relative to the ground, however it is still
possible to change the wupper limit by means of output AREF and
function analogReference(). Some outputs have additional functions:

12C: 4 (SDA) and 5 (SCL). Connection 12C (TWI1), created with help of Wire
library, is implemented by these outputs.

Extra platform outputs pair: AREF. Base voltage for analog inputs. Used with
function analogReference().

Reset. Lowsignal level at the output resets the microcontroller. Usually it is
used to connect the reset button on the expansion board, covering the button access
on the Arduino board itself.

Pay attention to the connection between the outputs Arduino and ports
ATmega328.

Connection

Platform Arduino Uno has several devices for connection with computer, other
devices Arduino or microcontrollers. ATmega328 operates on serial interface
UART TTL (5 B), implemented by outputs 0 (RX) and 1 (TX).

Microchip ATmega8U2 installed on the board directs this interface through the
USB, programs on the computer side "COMMUNICATE" WITH THE BOARD
THROUGH THE VIRTUAL COM PORT.

Firmware ATmega8U2 uses standard drivers USB COM, no third-party driver
is not required, Windows needs ArduinoUNO.inf file for connection. Serial bus
monitoring (Serial Monitor) of Arduino software allows you to send and receive

text data while connection to the platform. TX and RX LEDs will blink on the
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platform while data transferring through USB connection or FTDI chip (but not in
case of serial transmission through terminals 0 and 1).

By means of Software Serial library it is possible to create serial data
transmission through any of the digital outputs.

ATmega328 operates on the interfaces 12C (TWI) and SPIl. The Arduino
software includes a Wire library for the convenience of using the 12C bus.

Programming

The platform is programmed by Arduino software. «Arduino Uno» (according
to the installed microcontroller) is selected from the Tools > Board menu. Detailed
information can be found in the handbook and instructions.

ATmega328 microcontroller is delivered with loader, facilitating record of
new programs without external programmers use. Connection is carried out by
original protocol STK500.

To program the microcontroller through the outputs ICSP (on-board
programming) without loader is also possible. Detailed information is in these

guidelines.

2.4. REGULATING SYSTEM DEVELOPMENT AND INVESTIGATION

Creation and investigation of control loop on the control channel P—t

MATLAB includes Simulink package, which is necessary for dynamic
systems modeling. While investigation of automatically-controlled dynamic
systems and due to the implementation of automatic control theory the possibilities
of this system are very broad. Therefore, it is appropriate to use Simulink package
while automatic-controlled systems modeling.

Functional diagram of control loop is provided on the fig. 2.4.1. Here throttle
valve is a target of control. Throttle valve is connected with pressure sensor by
means of pipeline. Heat pump agents moves over the pipeline and pressure is

transmitted. Here S(t) changes to P(t). P(1) is the input signal for pressure sensor.
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Output signal Y(t) from the pressure senor comes to the signal summator, where

this signal is compared with the set signal Y s(KT{1}).

Y, . (kT{t}) _— X(1) U(t) S(1) P (1)
i ={;ﬁ}'.f "{_R }_"' Throttle valve |_""FP?;P€HH;_'I'_‘""'
Y(T)

Pressure sensor i-l

Figure 2.4.1. Functional diagram of control loop

Fault X(t) is generated as a result of comparison and comes to the logic unit
PID-controller. At the output of controller signal U (t) which opens the throttle
valve is generated.

Transfer functions of control loop elements

Rewrite all the elements found in the functional circuit via the transfer
functions. Elements used in the summators system shall be taken as elements
which don’t have any influence on the other elements, it means they have single
transfer function.

Pressure sensor. Smart Pressure Sensor Metran-150 is installed on the Freon
transmission line. Sensors Metran-150 are multirange sensors and adjusted for the
upper limit of measurement or measurement range from Ppin 10 Pprax. In
accordance with the standard setting the sensor is configured to P, in kPa or
MPa, due to it the lower limit of the measurement is zero. According to technical
data sheet sensor has time 7,.= 0,045s. Sensor has electronic damping of the output
signal which is characterized by averaging time of the measuring results (Tg).
Averaging time of the measuring results increases the settling time of the output
signal, smoothing the output signal while rapid changing of the input signal.
T4=1,2 c.

It means that generation span of output signal by sensor:

Ty=T.+T4=0,045+1,2= 1,245 c. (2.1)
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Processing unit installed in the sensor, allows to regulate the influence of
external factors and non-linearity. It means that sensor can be represented as
unified relaxation circuit:

k

W, (p)=—2— 2.2
w(P) T opil (2.2)

Coefficients shall be determined kyq based on the following conditions:
actuating mechanism — throttle valve — actuates when signal comes from pressure
sensor Ynax=20 MmA at Ppa=1,53 MPa. Minimum signal Y.,iy=4 mA corresponds

to the pressure P.,in=0, when there is no active agent in the pipeline.

= Ymax _Ymin — 0’020_0’004 21.10_8 (23)

k
“p_-P.  153.10°

Substituting the values (2.1) and (2.3) to the (2.2) and obtain the transfer
function in numerical value:
1-10°
1,245. p+1

Pipeline. Pipeline distance between the pressure sensor and actuating

de (p) =

mechanism is small, hence delay and reduction of active agent operating pressure
in the pipeline is not taken into consideration. Based on this, we assume that pipe

is a typical amplifying component. Amplification factor is equal to 1.
W, (p) =1
Throttle valve. According to the data, mentioned in the technical data sheet
valve is a typical oscillating circuit. It shall be taken as constant temporary
component:
Tiw=0,28¢c; Ty =0,45c.
Based on this, throttle valve transfer function is:

Kk
W, (p) = :
V(p) levp2+T2V-p+l

(2.4)
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Oscillating coefficient kv is determined on the basis of the following
conditions: at the input U,i,= 4 mA corresponds to the minimum output signal
Smin=0 of the valve. At the input signal U,,,= 20 mA corresponds to maximum

output signal of the valve S,,.,,= 1,53 MPa. Thereat:

—_— . 6
= om S 19310 _g56151 (5
U, U, (20-4)10

max min

Equaitation (2.5) and 71,=0,28 s; T7,,=0,45s shall be substituted to (2.4) to
determine the transfer function of throttle valve:

9,56-10’

W =
D)= 078207 1045 p 11

PID-controller. Controller performs the functions of regulator. Using the
method of linear systems, we will analyze a simple way to perform control tasks.
Since the controller processor has the ability to operate at high speeds.

Three parameters shall be found for PID-controller in the regulation process:
the amplification factor of the proportional channel k,, enhanced coefficient of
integral channel k; and enhanced coefficient of differential channel ky. Taking into
consideration that controller consists of accelerated circuit of the second order we

can write the following:

T12P'p2+T2P°p+1

vvp(p)=kp+k—r;+kd-p=ki (26)
here:
k Kk
T12P :?d Ty :?p

1 |
Now there is no possibility to write the numerical format of the expression
(2.6). Since the parameters T;» and T,p are unknown, they are determined while
correction of regulation.

Structural diagram of the pressure regulation loop is on the Fig 2.4.2.
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Figure 2.4.2. Structural diagram of the pressure regulation loop

Closed system is necessary for application of automatic control theory
methods, it means the existing structure shall be converted into signal structure
with feedback. This change is carried out by summator moving and exclusion of
factious circuit as Yg(z) has unknown origin.

Structural diagram received after correction is shown on the figure 2.4.3.

Pset (kT(T)} —_ AP (1) X(7) U(r S P(1)
4-{?—- Woa) | W510) Ty @ |- W) |1

Fig 2.4.4. Structural diagram after correction

1

Legends of structural diagram shall be added with concrete numerical values of
transition functions (where it is possible). Final structural diagram is given on the
figure 2.4.5.

Ket 6Tt — aP | 1.108 |%7) y To 2 4Ty p+1| UL 0.56-10” sol o, Em
T 1,245p+1 ’ P 007840 +0,45 p+1

Figure 2.4.5. Final structural diagram

Investigation of control loop

Investigation of control loop shall be carried out in the MATLAB system,
which has model package of dynamic systems Simulink This system is designed
for analysis and synthesis of automatic control systems. Investigated system is

represented in the form of structural diagram. Elements are selected from typical
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circuits that are available in the Simulink library. Simulink allows you to calculate
the transfer functions of a given regulatory structure, presentation as a graph of
frequency characteristics and transient processes.

Structural diagram of control loop shall be inserted to the modeling window,

following the program requirements (fig. 2.4.6.).

B automatik_bexruz

File Edit View Simulation Format Tools Help

Iy = =) b m fioD  [Homal B RS RERE®

|||||

Fig. 2.4.6. Structural diagram in MATLAB

To eliminate the negative influence of valve oscillation characteristics it is
necessary to select such parameters of controller for the system, that correspond to

the engine parameters, it means:

k

T. = ?d =T =0,0784 2.7)
kp
T,, = ? =T, =045 (2.8)

With such regulation the expression in brackets in the numerator of controller
transfer function and expression in the denominator of valve transfer function are
reduced. With the help of this the oscillation features of valve are compensated.

In the first stage of the investigation the amplification factor of the integrated
channel is assumed equal to ki = 1. Then, according to the expressions (2.7) and
(2.8) we have:
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k,=0,45; k4=0,0784.

System: T2 Step Response

Seffing Time (secy 1086 7 1 T T _ . _ . 1. _ ___. Lo _ L

' | System: T2 System: T2

I Peak amplitude: 5.68e+006 Final Value: 5.62+006 M
'| Overshoot (%): 1.44
. | At time (gec). 1.48

Amplitude

Time (sec)

Fig 2.4.7. Graph of transitional period for the PID-controller at the single
step excitation

The graph (Fig 2.4.7) shows that the oscillating transition process is
sustainable. Time of transition process tpp = 1,48 s. Deregulation is 1.44%. Static
error IS zero.
According to the results the following conclusions shall be made: the investigated

system is stable and process quality is satisfactory (y <15%).

Impulze Response
T T T T T T T

Amplitude

=
ra
]
r
2

Time (sec)
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Fig 2.4.8. Graph of transitional period for the PID-controller at the

impulse excitation (reaction for impact)

From the figures above (2.4.7., 2.4.8) It can be seen that while single step
excitation or impulse excitation the object has self-regulating function , it means

that the automatic control system has the ability for stable operation.

X 1:5 Nyguist Diagram

Imaginary Axis

(=]
m =
=

Real Axis

Fig. 2.4.9..Ampitude-and-phase characteristic of automatic control system
For stable operation of automatic control system amplitude and phase

characteristics while changing the frequency from zero to infinity shall not achieve

critical point (-1;0). Graph shown on the fig. 2.4.9. claims for system stability.
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Bode Diagram
200 T — T — T

M agnitude (dB)
=

Phase (deg)
=
I
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10° 10 10 10 10"
Frequency (radizec)

Fig. 2.4.10. Logarithm-amplitude-frequency L(w) and logarithm -phase-

frequency ¢(w) characteristics of automatic control.

Figure 2.4.10 shows the logarithm - amplitude-frequency L (®) and the
logarithm - phase-frequency ¢ (®) characteristics of the automatic control system.
These curves, confirm the conclusions about stability and sustainability made on
the amplitude-phase characteristics (the intersection of the boundary line is not less
than 0.6 dB, the inflection line 20 dB / decade).
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Chapter 11l. DEVELOPMENT OF INFORMATION -
COMMUNICATION CONTROL SYSTEM
3.1. DESCRIPTION OF THE PROCESS CONTROL STRUCTURE

Information - communication system (ICS) of control of CO, -extraction unit
with heat pump application consist of three levels (fig.3.1.1.):

> First layer (lower layer) - a level of process object includes sensors,
converters, actuators, and local control stations.

» Second level (middle level) - a controller level, consists of programmable
logic controllers.

» Third level (upper level) - the level of the operator, includes an automated

workstation (AWS) of the operator and production and process information storage

server.
e .
. Portable
Displey computer
@ Printer CPU
o o~ Internet &

F““"

) Hi
ORI .0 e s - S PN | SO ... e

USB connect Ethernet

Arduino UNO R3
with Ethernet Shield

Medium
level
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Fig. 3.1.1. Three levels of Information - communication control system

At first level the ICS performs the following functions:

e Collection and primary processing of process data received from sensors and
converters;

e Rebroadcasting of the data received from programmable controller,
integrated in local stations and units for monitoring and control of process units
and installations;

e data exchange (send and receive) with second level of the system;

e process control based on the collected data and commands coming from the
second level of control;

o self-testing of local automation elements, programmable controllers of local
control stations.

At the second level the ICS performs the following functions:

e Collection and concentration of data from the first system level on the
process operation, as well as from control panels and local control stations;

o formation and transfer to the lower level of control actions;

e diagnostics of process equipment, hardware and software management
systems;

¢ internal processing and storage of data, creation of databases;

e Data displaying and recording, implementation of the dialogue with
operators;

e preparation of operational summaries, report and reference documents;

e receiving and processing of related system data;

e transmission of data to the top level of control.

At the third level ICS performs the following functions:

e Collection and concentration of data from the second level of control on
process operation of the object;

e Automatic generation of reports and work (operator’s) sheets by the

approved form for a certain period of time.
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3.1.1. Communication of the lower and middle levels

Measuring tools of systems (sensors and metering devices) have a standard
unified output signal 4 ... 20 mA.

The connection between the sensor and the controller is performed by a
physical line (two cables).

The actuators (actuator and valve) are operating under the voltage of 220-230
V. Since the output digital signal of the provided controller equals to 5V,
installation of the relay (SRD-05VDC-SL-C) of galvanically isolated digital
outputs of the controller is provided.

Relay SRD-05VDC-SL-C (fig. 3.1.2.) for Arduino is used to control various
devices with high input current.

To use the relay module, need to connect the control unit. Then you need to
connect the 5V power to the terminals VVcc and module Gnd. Then to the control
pins Inl - In2 relay module is necessary to connect the microcontroller, computer
or other control device, and start to work. To each of the 2 relays connected to a

red LED that lights up when the relay is energized.

ks YJMRQth POCERS

— SONGLE
c“us [___j EEJ “"lone

10A 250VAC mnzsvncl =]
10A 30/0C 10A 280 .3

v [l
ﬁe [94 1 30q0JnA

Al SRD-USVDC-SLC

Fig. 3.1.2. The relay (SRD-05VDC-SL-C) of galvanically isolated digital

outputs of the controller

Module is controlled by a microcontroller, microprocessor or other computer
control device. The board of the relay module has a jumper to switch between
Gnd-Vcc and Vee-JDVece (Arduino 5V and 5V power supply).
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Scheme of connection between of the sensor and the PLC is shown in fig.
3.1.3.

The relay module has two interfaces - for connecting the control device
(microcontroller, a computer) and for connecting the managed devices to the
switch:

e relay module for connection to the control device uses a 4-pin interface.
Contact GND and VCC to connect + 5V, Inl1 conclusions - In2 to connect the
control signal;

e for connection of controlled devices to switch on the card is present 6-pin-

clips (3 on each relay).

) =) =T =) =T = =)y ) =) ) =1 1 ) =1 [ R ) i
C e my DS e e e owoeom oo ooy
£ 5
® SRD-05VDC-SL-C
H Arduino
UNO 777
24 VAC 5 b o o . -
§§2355§ < < < < < <
@@@@@@@@ o @ @ @

Fig. 3.1.3. Scheme of connection between of the sensor and the PLC

Power relay module is carried out or by the control device, or from an external
power supply (power supply, battery packs). If you need full optical isolation,
connect Vcc to the output of + 5V Arduino, but not connected to Gnd.

Specification:

¢ Relay operating current: 15 — 20maA,;

¢ Relay control voltage 5V;
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e High-current relay SRD-05VDC-SL-C AC250V 10A, AC125V 10A,
DC30V 10A, DC28V 10A;

e LED status indication of each relay;

e a standard interface through which you can control relay module with the
Arduino controller, 8051, AVR, PIC, DSP, ARM, ARM, MSP430, TTL logic, or
from a computer;

e Dimensions: 49.3 x 38.2 x 20.0 mm;

e Weight: '30

All equipment of the lower and middle levels is electrified from an external

power source.

3.1.2. Contact of the middle and upper levels.

Communication of controller level with an upper level is performed via the
network based on the Ethernet (L00BASE-T) protocol and USB cable.

«Arduino Ethernet Shield» is provided for remote control and monitoring of
the process, which is connected to the modem by Ethernet protocol. Further, the
mobile PC monitors the process operation through the Internet at any point of the
earth.

Ethernet /'i:0arnet/ is a family of computer networking technologies commonly
used in local area networks (LANs) and metropolitan area networks (MANS). It
was commercially introduced in 1980 and first standardized in 1983 as IEEE
802.3, and has since been refined to support higher bit rates and longer link
distances. Over time, Ethernet has largely replaced competing wired LAN
technologies such as token ring, FDDI and ARCNET.

The original 10BASES5 Ethernet uses coaxial cable as a shared medium, while
the newer Ethernet variants use twisted pair and fiber optic links in conjunction
with hubs or switches. Over the course of its history, Ethernet data transfer rates
have been increased from the original 2.94 megabits per second (Mbit/s)[3] to the
latest 100 gigabits per second (Gbit/s), with 400 Gbit/s expected by late
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2017. The Ethernet standards comprise several wiring and signaling variants of
the OSI physical layer in use with Ethernet.

Systems communicating over Ethernet divide a stream of data into shorter
pieces called frames. Each frame contains source and destination addresses,
and error-checking data so that damaged frames can be detected and discarded,;
most often, higher-layer protocols trigger retransmission of lost frames. As per
the OSI model, Ethernet provides services up to and including the data link layer.

Since its commercial release, Ethernet has retained a good degree of backward
compatibility. Features such as the 48-bit MAC address and Ethernet frame format
have influenced other networking protocols. The primary alternative for some uses
of contemporary LANSs is Wi-Fi, a wireless protocol standardized as IEEE 802.11.

The Ethernet physical layer evolved over a considerable time span and
encompasses coaxial, twisted pair and fiber-optic physical media interfaces, with
speeds from 10 Mbit/sto 100 Gbit/s. The first introduction of twisted-pair
CSMAJ/CD was StarLAN, standardized as 802.3 1BASES5;[41] while 1BASES5 had
little market penetration, it defined the physical apparatus (wire, plug/jack, pin-out,
and wiring plan) that would be carried over to 10BASE-T.

The most common forms used are 10BASE-T, 100BASE-TX, and 1000BASE-
T. All three utilize twisted pair cables and 8P8C modular connectors. They run
at 10 Mbit/s, 100 Mbit/s, and 1 Gbit/s, respectively. Fiber optic variants of
Ethernet offer high performance, better electrical isolation and longer distance
(tens of kilometers with some versions). In general, network protocol
stack software will work similarly on all varieties.

For distance control and monitoring of the process to the controller «Arduino
UNO» optional card installed «Arduino Ethernet Shield» (fig. 3.1.4.), Which is
using the Ethernet protocol connects to the modem. Further, the mobile operator
shall monitor and oversee the process through the Internet at any point of the earth.
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ETHERNET
SHIELD

Fig.3.1.4. The board «Arduino Ethernet Shield» for sending information
from Ethernet protocol.

Technical specifications

e Operating voltage 5V (supplied from the Arduino Board)

e Ethernet Controller: W5100 with internal 16K buffer

e Connection speed: 10/100Mb

e Connection with Arduino on SPI port

The Arduino Ethernet Shield allows an Arduino board to connect to the
internet. It is based on the Wiznet W5100ethernet chip. The Wiznet W5100
provides a network (IP) stack capable of both TCP and UDP. It supports up to four
simultaneous socket connections. Use the Ethernet library to write sketches which
connect to the internet using the shield. The ethernet shield connects to an Arduino
board using long wire-wrap headers which extend through the shield. This keeps
the pin layout intact and allows another shield to be stacked on top.

The most recent revision of the board exposes the 1.0 pinout on rev 3 of the
Arduino UNO board.

The Ethernet Shield has a standard RJ-45 connection, with an integrated line
transformer and Power over Ethernet enabled.

There is an onboard micro-SD card slot, which can be used to store files for

serving over the network. It is compatible with all the Arduino/Genuino boards.
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The on-board micro SD card reader is accessible through the SD Library. When
working with this library, SS is on Pin 4. The original revision of the shield
contained a full-size SD card slot; this is not supported.

The shield also includes a reset controller, to ensure that the W5100 Ethernet
module is properly reset on power-up. Previous revisions of the shield were not
compatible with the Mega and need to be manually reset after power-up.

At the third level ICS is:

1. Server and mobile PC - Intel Core i7, 2.5GHz, RAM DDR3 - 6 GB;

2. Displey - 19";

3. Network printer;

4. Network commutator.

Automated workstation has been developed on the basis of Microsoft Windows

10 operating system.

3.1.2. Description of the measurement functions operation

The measured value is measured by the sensor and converted into an electrical
signal of 4-20 mA. The signal is then transmitted over the analog line to the analog
input of the controller. In the controller the electric analog signal is converted to
digital (ADC) code. Considering the conversion rate of the physical value, this
digital value is converted programmatically into a real value of the process
variable.

The actual value of the process variable (hereinafter, value) is recorded in the
historical values database with related time stamp.

Under this condition the value is calculated, depending on the settings: alarm,
warning, normal. The event is generated according to the state. All related

animation links in SCADA system are redrawn based on the new value.

3.1.3. Description of control functions operation

When the command button is clicked at the automated workstation the value of

the new status of the device is sent to the programmable controller. In the
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controller this state is analyzed for validity and then is either confirmed or denied.
If the new state is confirmed, the programmable controller issues a sequence of
control signals through the digital outputs to the actuator. Herewith, DCS
subsystem controls every stage of control signals sending and blocks the state

transition in case of error.

3.1.4. Description of regulating functions operation

Regulating process is a fully automated process. The system user enters a
regulating task. Subsequently, the converter of process variables measures the
input value. This value is sent for processing into programmable controller by PID
algorithm. This algorithm calculates the state of operating member for the output
parameter and produces a series of control signals to set the mechanism in the

appropriate state.

3.2. DEVELOPMENT OF THE PROCESS CONTROL SOFTWARE

For configuration the Programmable Logic Controller Arduino (onwards
board) we used Arduino Software IDE (onwards Software).

The open-source Arduino Software (IDE) makes it easy to write code and
upload it to the board. It runs on Windows, Mac OS X, and Linux. The
environment is written in Java.

For configuration the board on OC Windows we need to do the following:

1. Download and install the Software;

N

. Connect the board:;

w

. Install the board drivers;

4. Launch the Software;

5. Select board;

6. Select serial port;

7. Upload the program

We need a standard USB cable to get started (fig.3.2.1.):
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Fig.3.2.1. The standard USB cable for connection controller with PC

1. Download and install the Software

We can the latest version Software from the download page. We can choose
between the Installer (.exe) and the Zip packages. We use the first one that installs
directly everything you need to use the Arduino Software (IDE), including the
drivers. With the Zip package we need to install the drivers manually.

When the download finishes, proceed with the installation and allowed the
driver installation process.

Chosen the components to install (fig.3.1.2.)

)

@9 Check the components you want to install and unchedk the components
.2 you don't want to install. Clidk Mext to continue.

Select components to install: Install Arduino software
Inztall USE driver

Create Start Menu shortcut
Create Desktop shortcut
Associate .ino files

Space required: 392, 7MB

Cancel < Back | Mext = |

Fig.3.1.2. Window (1) Arduino software installation.
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Chosen the installation directory (we keep the default one) (fig. 3.1.3.)

@l Arduine Setup: Installation Folder - X

Setup will install Arduino in the following folder, To install in a different
2.2 folder, dick Browse and select anather folder. Click Install to start the
installation.

"Destinatinn Falder

C:\Program Files (x856)\arduing Browse, .. |

Space required: 392, 7MB
Space available: 24.6GE

Cancel | Mullsaft Install System »2, 46 < Back | Install I

Fig.3.1.3. Window (2) Arduino software installation.

The process will extract and install all the required files to execute properly the
Software (fig. 3.1.4.)

@ Arduino Setup: Installing

Extract: c++.exe

»

Cancel | Mullsoft Install System vz, 46 < Barck |

Fig.3.1.3. Window (3) Arduino software installation.

2. Connect the board
The USB connection with the PC is necessary to program the board. The board

automatically draw power from either the USB or an external power supply.
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Connect the board to computer using the USB cable. The green power LED
(labelled PWR) should go on.

3. Install the board drivers

OS Windows - from XP up to 10 - will install drivers automatically as soon as
we connect your board.

4. Launch the Arduino Software (IDE)

Double-click the Arduino icon (arduino.exe) created by the installation
process.

The program window is presented in Fig. 3.1.5.

Blink | Arduino 1.6.5 — O X

File Edit Sketch Tools Help

// the setup function runs once when you press reset or power the board
void setup() {

S/ inmitialize digital pin 13 as an output.

pinMode (13, CUIEUI):
}

S/ the loop function runs over and over again forever
volid loop() |
digitalWrite (13, HIGH): S/ turn the LED on (HIGH is the woltage lewvel)

delay (1000} f/ wait for a second
digitalWrite(13, LOW); f# turn the LED off by making the voltage LOW
delay (1000} ; f/ walit for a second

Arduing Uno on COMZ
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Fig.3.1.5. Window Arduino software.

5. Select board

We selected the entry in the Tools > Board menu that corresponds to our
Arduino board (fig. 3.1.6.)

& sketch_feb15b | Arduino 1.6.7 = O X

File Edit Sketch Tools Help

Auto Format Ctri+T
Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctri+Maiusc+M
Serial Plotter Ctri+Maiusc+L

} Board: "Arduino/Genuino Uno” ’
Port: "COM3 (Arduino/Genuino Uno)” )

Boards Manager...

Programmer: "AVRISP mkil" > Arduino Ydn

Arduino/Genuino Uno
} Arduino Duemilanove or Diecimila

Burn Bootloader °

Arduino Nano

Arduino/Genuino Mega or Mega 2560
Arduino Mega ADK

Arduino Leonardo

Arduino/Genuino Micro

Arduino Esplora

Arduino Mini

Arduino Ethernet

Arduino Fio

Arduino BT

LilyPad Arduino USB

LilyPad Arduino
Arduino Pro or Pro Mini
Arduino NG or older
Arduino Robot Control
Arduino Robot Motor

Arduino Gemma

Arduino/Ganuine Uno on COM3

Fig.3.1.6. Window Arduino software.

6. Select your serial port

Selected the serial device of the board from the Tools | Serial Port menu. Our is
COMa.

7. Upload the program
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Now, clicked the "Upload"” (fig. 3.1.7.) button in the environment. Waiting a
few seconds - you should see the RX and TX leds on the board flashing. If the

upload is successful, the message "Done uploading." will appear in the status bar.

Fig.3.1.7. Window Arduino software.

A few seconds after the upload finishes, we should see the pin 13 (L) LED on
the board start to blink (in orange). The download process is completed.

After configuration, we beginning to write a program listing (fig 3.1.8. a, b, ¢).

@ ine | Avduina 155 @ e | Aushine 168

6 My e b o Sy A s e e v
[T ©0 BOE ©0 0Oo
Suring 7 1 " v 1 N

Fig. 3.1.8. Print screen window ARDUINO Software with listing

3.2.1. DESCRIPTION OF PROGRAM LISTING

At first we get our variables:

String inputString;
float Flow, Temp, Level, Pressure, readAmpsADC;

int val;

For setting port:
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void setup() {
DDRB = B00111111;

pinMode(2, OUTPUT); -- For activation port Analog in A2
pinMode(3, OUTPUT); -- For activation port Analog in A3
pinMode(4, OUTPUT); -- For activation port Analog in A4
Serial.begin(9600); -- For activation identification mode to
} display

float fmap(float x, float in_min, float in_max, float out_min, float out_max) {
return (X - in_min) * (out_max - out_min) / (in_max - in_min) + out_min;}
For continuous execution of commands:
void loop() {
readAmpsADC = analogRead(2); -- For reading information from port
Analog in A2
Flow = fabs(fmap(readAmpsADC, 0.0, 1023.0, 0.01, 5.0)); -- For converting
the electrical signal to a digital

Flow = Flow * 10;

if (Flow>4) { -- If the electrical signal is greater than 4 mA, then it
sends the signal to the digital output 3.
digitalWrite(3, HIGH);
digitalWrite(3, LOW);
¥
readAmpsADC = analogRead(3); -- For reading information from port
Analog in A3
Level = fabs(fmap(readAmpsADC, 0.0, 1023.0, 0.01, 5.0)); -- For converting
the electrical signal to a digital
Level = Level * 10;
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if (Level>20) { -- If the electrical signal is 20 mA, then it sends the signal to
the digital output 4
digitalWrite(4, HIGH);
digitalWrite(4, LOW);
¥
readAmpsADC = analogRead(1); -- For reading information from port
Analog in Al
Pressure = fabs(fmap(readAmpsADC, 0.0, 1023.0, 0.01, 5.0)); -- For
converting the electrical signal to a digital

Pressure = Pressure * 10;

if (Pressure>20) { -- If the electrical signal is 20 mA, then it sends the signal
to the digital output 2
digitalWrite(2, HIGH);
digitalWrite(2, LOW);
}
synch(); -- For identification to display
inputString = """,
while (Serial.available()) {
char digit = Serial.read();
inputString += digit;
delay(2);
val = inputString.toint();
}

switch(val) {
case '0":
digitalWrite(2, HIGH);
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digitalWrite(2, LOW);
break;

case '1':
digitalWrite(3, HIGH);
digitalWrite(3, LOW);
break;

case '2':
digitalWrite(4, HIGH);
digitalWrite(4, LOW);
break;

delay(1000); -- For to get information an interval 1 sec.

¥

float temp;
void synch(){
if (my_timer(1000,0))

{
Flow = analogRead(2)*5/1024.0;
Flow = Flow - 0.5;
Flow = Flow / 0.01;
Serial.print('!");
Serial.printin(Flow+'[');

temp = analogRead(0)*5/1024.0;
temp = temp - 0.5;
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temp =temp / 0.01,
Serial.printIn(temp+');

Level = analogRead(3)*5/1024.0;
Level = Level - 0.5;
Level = Level /0.01;

Serial.printin(Level+'[);

Pressure = analogRead(1)*5/1024.0;
Pressure = Pressure - 0.5;
Pressure = Pressure / 0.01;
Serial.printin(Pressure+'[");
Serial.print(‘#");
¥

}

unsigned long millis_old[1];

boolean my_timer(unsigned long time, byte nomer)
{
unsigned long current_millis;
current_millis=millis();
if (current_millis-millis_old[nomer]>time)
{
millis_old[nomer]=current_millis;
return true;
} else return false;

}
The end.
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3.2. DEVELOPMENT OF HUMAN-MACHINE INTERFACE

Human-machine interface (HMI)— is a broad concept, encompassing
engineering solutions that ensure the interaction of the human operator with
controlled machines [43].

In industrial conditions HMI is mostly implemented with application of
standard tools: operator interfaces, computers and standard software.

HMI for operation process control of the heat pump installation CO2-extraction
is developed in Delphi programming

The operator interface is shown in Fig. 3.3.1.

(=
Admin panel X

Process

[ START/STOP i

CLOSELV Clos¥

0kPa
OPEN THROTTLE VALVE —_— Legend

(57 Somgs

—cEl R Hark Name

Setting ComPort

n
v
A

>4

Oil

Fig. 3.3.1. Operator interface.
Since the process in basic mode occurs automatically, operator via the interface
can observe the process implementation.
The interface is designed so that the operator receives information about the
status of the actuators, the results of sensors installed on site.

In interface operator observes the process in the form of diagram. (fig. 3.3.2.)
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Fig. 3.3.2. Process diagram.

If necessary, operator can manually control the process. For this purpose, in the

left part of interface there are special buttons for manual control (fig.3.3.3).
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Admin panel

START/STOP

CLOSE LV

OPEM THROTTLE VALVE

Setting ComPort

Fig. 3.3.3. Control area of interface operator
Start/stop button is intended for start or stop the compressor engine. If the

motor is on, blue signal will indicate this on the operator interface. (fig. 3.3.4.). If

it is off red signal will indicate this on the operator interface.
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Fig. 3.3.4. Separator.
By pressing «Close LV» button operator is able to close normally open switch-

off valve LY 3-2, thereby to block the flow of miscella into the separator.

Sensors values of level LT 3-1, flow FT 2-1 and temperature TIT 1-1 are
identified in the interface.

By pressing the «KOPEN THROTTLE VALVE» button operator is able to open
the throttle valve PY 4-2, thereby relieve the pressure of active agent (fig.3.3.5.).
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Fig. 3.3.5. Condenser

Pressure parameters are shown in the interface in digital form PIT 4-1.

«Setting ComPort» button is used to set the computer port, connected with

controller or another device which connects the upper level with the intermediate

level (fig.3.3.6).

Setup
Settings
Fart
Eaud rate 3600
Data bits 5
Stop bits 1
Parity None
Flaw contral | None

Ok,

Cancel

Fig. 3.3.6. Port configuration window
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CONCLUSION

Structure particularities of vegetable raw of our region, fruit kernels, grape
seeds, ginger root et al., suggest the development of extraction manufacturing
modes using liquid carbon dioxide, kinetics and dynamics of the condensation
process, extraction and separation for the amount and quality of the produced
product

Implemented analysis of scientific and technical literature has shown that for
the last ten years in the developed countries of the world strategy for rational use of
substances in supercritical state in a closed technological cycle and other high
technologies is being actively developed. In the supercritical state the substance
expands, occupying the entire volume like gas, but has high density, like liquid.

The main problem is energy consumption of the process, which can be solved
through the application of the heat pump in the process unit and the introduction of
heat pump operation automatic control.

While implementation this master work, the following operations have
been carried out:

1. Research task has been implemented on the basis of literature review.

2. Electric power calculation of heat pump for CO2 extraction experimental
unit has been carried out. Energy conversion coefficient and required power for
heat pump compressor have been identified.

3. The functional diagram of heat pump automation has been developed. The
choice of microcontroller and touch actuator equipment has been justified.

4. Investigation of the pressure control loop of heat pump active agent has
been carried out.

5. A three-level structure of the ICS process control has been developed.

6. A listing for PLC Arduino programming has been developed.

7. A program interface for control and monitoring of the process has been

developed.
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8. The developed process control ICS allows as to control, manage and monitor

the heat pump remote access
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Appendix 1

| 6 EXPLICATION OF THE EQUIPMENT
w
Hark Hame
1 | Compressor of heat pump
If | Sepurator
Il | Condenser
- IV | Extract heater
- 1 — miscella
@ - 2 - gas—extroctant
- 3 — extractont
- 4 - fluid extractant
— 5 — gos active agent

- B = fluid active agent
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Specification for measuring devices and automation means

Appendix 2

Name
Measuring Characteristic . and characteristics =
Ne Installation , 5 Producer-
Parameter of of automation Type <! Note
poSs. . place = factory
measured unit means <
1 2 3 4 5 6 7 8 9
1-1 Miscella Fluid Aggressive Pipeline at the | Electromagnetic flow meter. Rosemount «Metrany
consumption media; inlet to the Output signal 4-20 mA; 8700 Russia
regulation t=32-35°C separator Speed range of measured media
flow from 0,3 to 10 m/s
Pressure of measured media
0,05...15 MPa;
Inaccuracy +0,25 %.

1-2 CPU Programmable logical controller, |  Arduino 1 «Arduino»
Operating voltage 5V, Uno R3 Italy
Analog inputs 6 pcs, 4...20mA,
digital outputs 14.

1-3 CPU Processor Intel Core i7, 2.5GHz, PC 1 «ASUS»
RAM DDR3 6 I'6, OS Windows
10, monitor 19”

1-4 On the panel | Starting device. 6.5A, 3RW30141 1 «Siemensy»
1,5kW/250 V, rated operation BB14 Germany
voltage U, 200-480 VAC,
nominal voltage of control
circuit Us 110-230V AC/DC,
terminal screws.

2-1 Temperature Fluid; Separator Measuring temperature SITRANS 1 «Siemens»

measurement in Aggressive media; transducer. TF2 Germany
the separator t=32-35°C Output signal 4-20 mA
Measuring range: from -50 to +
200 °C;
Inaccuracy 0,2 %
3-1 | Level regulation Fluid; aggressive Separator Floating level sensor with njay-u 1 «Oveny
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in separator

media;
t=32-35°C

analog output signal 4...20 mA,

Level measuring range, from 0 to
300 mm, Temperature of
actuating medium is from - 60
no +125 °C;

Pressure of actuating medium is
not more than 10 MPa,
Additional measurement
inaccuracy from temperature for
10 °C, is at least 0,2 %

Russia

3-2

Pipeline at the
inlet to the
separator

Universal valve with
translational current movement.

BAUMAN
N
24000SVF

«Fisher»

4-1

Pressure
regulation

Fluid;
Aggressive media;
t=30°C

On the pipeline

Pressure sensor, Measure range
from 0,025 xPa to 68 MPa;
Output signal: 4-20 mA;
Inaccuracy +0,075%;

Metran-150

«Metrany»
Russia

On the pipeline

Switch-off throttle valve with
electric drive STA, Nominal
valve pressure: 0,6 — 1 MPa;
Operating temperatures range: -
40 °C...+70 °C; Power supply:
220-230 V (only for valve
opening and locking)

Valve openings/valve lockings:
electric, time 12 s; Media:
natural gas, biogas, hydrogen,
ammonia etc

ZM

«GAZEX»
Poland
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The architecture of ICS

S

Disol Portable
1Spiey computer
@ Printer ~ CPU
‘ Internet
: i
’ 1
] 1
H H
1 £ High level
USB connect =!-Zlhcmcl
[F e S e =]
Arduino UNO R3
[
=
-
4_MmA %
Medium
level
—t——— =]
Tispine P e |
SITRANS m TF Rocmowt  OBEH |
TF2 Sicmern. 150 8700 nay-i |
Instrumentation B;ﬁ:“ '
oz )
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TENMJIOBOM HACOC B KAYECTBE HCTOYHHKA HECTAIMOHAPHOS
TEILIOBON YHEPTHI

Fadypon B.K., Mexmonon H.H.

MaunmocTposiine i suepreTinag

BPEMA, KOPAA OWYUMETSR AeHNunT B TRUIKLMONHEN IHepropecypcax. OuMs iy pewenii
I10i NpoGAeMU RINIHETCA YCTRMOBKD i TEPPHTOPHE A0MI HIH NPOINBOACTRENHOTO YHICTRA B
KGUECTIR MCTOMITMKE TEMA0NOM MICPIHM TEII0DOTO HICOCA.

DUEPIETHUCCRNE WTPATH 118 OCYIECTINCHIE  TEUIO-MACCOO0MERHMX  POeccon 1
NEPINYHOT 0GPaGOTKS CLIPLS 1t NPOINBOACTAE NHINCRLIX TPOAYKTOR cOCTaRINOT 70% ot obueil
WIPAUMBACMOR  JHEprIn. B OCHONHOM  3T0  TPOUECCH  CYIUKM W KONCEPIMPOBANIA
CENBCKOXOTMICTERNMOND  CLpet,  HEAOCIATOMHO B JTHX  NpoMsBOACTBENHLIX  ofepax,
MCHOALIVETCH  COPOCHOE TEMAO, 0 MUIOIEIORAKME COANCTHOMN IHEPIMN ¢ NpPHMENCHHEM
TEMIOROTO HACOCH OTCYTCTRYCT # fpowssoacTee. [Ipn yrom ocoloe tnawenme aprolperact
HIMPOXOE HETHOABIOBANKE M NETOMATIOHPOLARHOE yIpanicing paboTolt TEIOBMX HACOCON Kk
CTUIHOBAPIHOND HCTOYHKKA Ternonof keprmm (1]

Tenaosoll nacoc (anrn. heat pump) — YETPORCTHO TN NEPENOCE TEMIOBOR MEPrHN oF
HCTOMHHRA HHIKONOTCHUARTRHON TCILIOR0H JHEPrim (¢ ISk Temueparypoit) & notpedureas
(renaonocHTemo) ¢ Gonee sucokoft Temnepatypoll (pac. 1) [2].

TePMOANNAMHYECKN TELIOBOA HACOS NpeacTaRaner cobolt oGpaIEHHYIO XOM0ANIERYO
Manmny, ECa B XOTOZWILHOR MBIIMHE OCHORHOR (/LK) SRARCTCA NPONIBOACTBO XOM0A
ayTéM oT60pa TENAOTH K3 KaXIO-HG0 oGBS MCTIAPHTEAEM, & KOIISHCATOP OCYIISCTRARCT
COPOC TeNIOTHl N OKPYREIGULYIY CPETY, TO B TEIUICROM Hideoce kapri ofpartiad, Koiaeuncarop
ARACTCH TEANOOOMEHHMM BMTRPATON, BLHISHOUIMM TEIOTY AN HOTPEONTEAL. 4 HCRApHTCA
— TRNAOOBMENHLM SNNBRITOM, Y THANIIPY HYI0 TEIIOTY: BTOPHYHLLE
NEPrETHIECKME PECYPCHI I (FUTH) HETPAIMUHOINNLE BOIOOHORISEMIE HCTOMHITKH dHeprim [3].

Tewronoit Hcos sLPatITIBICT IHEPHINO 1 NPIPOAKLIX POCYPCOB, TAKHX KAX B0j,
fotsa win poayx (pue.2) [4] Dra sneprna npeobpatonsBsacten i ncmuuccxon n TOII0RYI0
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Matumnmacosanx na sHepreTika

1 deHCAmOP; 2-0pocoetn; 3-uchapuniean; 4-xounpeccop,

VeeauueHue SHEPIHN  (GOPMIPYETCH NYTEM  VBE/ANYCHMA JARICHMA  J0CTHIAEMOIO
WICKTPHHECKHM  TIP P pa. T PATYPHMA  yp T o or
TEMIOBLIX  HACOCOR 35-65°C. IXOMOMUA INEPICTHUCCKHX pecypeon AocTiraer 1o 70 %.
[IpOMBIILICHHOCTE  TEXHMHCCKN  PAIBNTIN  CIPAN  BWNYCKAET  uipoknit  accoprment

P X TEIUIOBLIX TEMIONOM MOWHOCTHIO 0T § 10 1000 xBr (2]

B kavectse TeMIOBOI0 HCTOUHKKD TAKHE HACOCK MCOONLIYIOT COANEHHYM IHEPIING,
HARATLIHBACMYIO B it joct, M ¢ 0 CHeTesB  [uacTHkoBRX  TpyG,
YKOMILICKTOBAHHEN TETL ARMMN, INEPIIA COBHPACTCA FEOTEPMILILILIM IICOCOM,
JureM OMa  yKE NOCTYHACT B pOMEenA, B pesyanrsre Mu noayuaes e T0asko
VHHBCPCAABIYIO, HO M ZCHICBYIO, IKOIOMMUECKIE YHCTYIO CHCTEMY OTOTLICNHS M TOPAYEro
soocHafKeHHA, .

B Wseunn 50 % scero otomicnng obecneumpaior rennosue macockd, B Croxromme 12
% BCCHO OTOTICHNE TOPOSE OOCCTICHMBACTCA TEIIOBLMI Hacocavit obweil MowHocTLo 320
MBr, scnoassyloumm Kax weTouuux Temna bariwdickoe wope © Temneparypoii ¢ 8° C. B
IepMannn npeayCyMOTPEHA J0TAUMA TOCYIAPCTRA A YCTAMOBKY TEILIOBEIX HACOCON, 1 HmoHHn
CHRCTOAHO NPONIBOANTCH TEMIOBEIX HACOCOB X010 3 . urr.. a & CLUA - okoro | mmnwr &
mupe. 1o rporwosas Mupososo Daepremeckoro Kosimera, x 2020 roay noas teniossis
HACOCOR 8 TentocHabmennn coctannt 75% (4],

Cxesmit 82paborkn 1eM10TH ¢ NOMOUILI0 IPYHTOBOMO (FEOTEPMEILHON) TErIonnm

HACOCA noxazana wa pue.3 [5)
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Pre.2, Crema BUPaBoTKN IMEPINIE TENA0NBIN HACOCOM I PELIINIIT I IHORMY PECY Peos

Mpuiunnuaseno woBol cictesoil OBOIPEBI JOMA MOKHO HAIBATH OTOINTEALHYIO
CHOTEMY € NPHMENEHHEM TEOTCPMLTRIBIX TCLIDBLIX HACOCOD A OTomaeHin. Taxue uacocs -
IO CAOKNHE W BECOKOT WaHBIE TPHGOPK 1R HROMAMIORHD
UPMILAT PAGOTE KOTOPEIX OCHOBAH HA NOCACANNN AOCTHREHHAX (IIKI U TEPMOAMHAMHEIL
OcnosHofl oTanumTeaLHOR  HepTofl TAKHX CHCTEM SBJIACTCH YO, 41O TeLw ubupacrcs
HETIOCPCACTHCHITD IS JCMTH L1 BOIYNA, 63 CRMIAHIN KAKOrO-1H60 TOIIEL. JISKTpHICCTRO
HCTKNILIYCTCA  TOABKC 1% (POKBMKN Terl . Conp 1€ TEMIOBKIE HACOCK! LIR

orotuenns pacxoayror se Gonee 2.5 kB1/uac LieKTposHeprin aas noavyenns 10 xBr rensa.

“Dan sa URABP TH] Fm” Hamui WypHaa Ne2i20S 54

87

MaumHOCTPOSHNE 1 MPreTika

T N2BHMMN COCTABRMMM HACTEMM NAINIOTCH KOMIPECCOP, CHCTEME KAILINPON, HCHEPHTICLS it
xoraeHearop. lepmernupnie Tpyisl A0CTATONHO GOAMIOID AMUMETPA Oy LI B 1EM0 HA
CAYOHHY HOCKOTBXMX ACCRTKON MCTPOB, I¢ TCMUSPATYPA FPYHTA 1l BOLEMILIX BOL ¥ A00YI0
nopy roaa He vigwe 10 °C. C nosoumsio Hacoca i 68 Hero MILIKOETH CoOB0M0 HHPKY APy et
8 KoHType. @peoit HAXOMHICS 8 KAIWUMIPAX, OKPYMEHIMX TPVOSMI ¢ (MpRYINPYIOUIM
TenmonocHTeres. TTOCPeaTTBOM COCUNATLHOTO PACIHPHTENRIOID BRITIIN ONH COCANMENE ¢
CHCTEMON TPYO rOpati0 MCHMINCTO JAMAMETPE, KOTOPWE COSTMIMIOICE © KOMACHCATOPOM.
KOHISHERTOP, B CROIO OMEPE/Lh, NOCPCACTHOM TENIOGOMENIMKR COSMNEN € OTOMHTEAMIMM AN
BOAOTpefinLM xoHTYpoM. AIUAKOCTH B CHCTEMT OTOMACHMA It CHCTEME Temoobpalonanun e
KOHTARTUPYIOT.

Twy, n GomuumieTie XOHCTPYXKUMA  Jipeolt, HArHETaeTca KoMIpeccopoM & rpyGu
DOABILETO  JUNINETP,  SRNOTHAIOUUIMGE  GYHKIHIO  HCHAMITEN, PACIUHPRETCE 0 CIIRNO
oxamkageres. TIpn sToM on nETencurHO mbupaet Tenao 1y sewnn. [loctynas sepes senmus us
KOMIIPECCOPIL B SOHY CHATHA, T3S KOHASHCHPYCTEN 210 COCTORNMA #HAROH halui i cTpesirTensio
Harperserein. Tesmeparype xomaencara moxer gocturuns 130°C. B rakom peanse 1ayGunnoe
TEMIO JEMIAN ODONPESIET NOMEURINA 1t NOREPRHOCTH. Cretesa paboTaer cormeHo obpaTHoMy
kg Kapro. Ecom B Baanvnn pescpoeiuit ks, 10 mossomia pabora u pesnse
KOHIHUIAONHPOBSHHY, TO €CTH TR0 320MpICTCR © NOBEPXHOCTI W OTAMCTCH WEMAE 1P
HCHAPEHWH XARTATEHTR,
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Ha npomesyTsc  Meway  KOMIPECCOPOM M TPYWTOBRIMM  TPYOOIPOSORANN
YOTABUUANBACTCR KOLICKTOP U1 TCHAOROIO HICOCH. NOIBOAMOUL PACHIPEACANTE KKt
TEMIONOCHTENE B KONTYPEL IEXANGIC 1R PASHON FAyOIie It B PRIHEC NETAN, PACXOATUMCR 110
TOPHIOHTANN B TOMME SEMIN. YOTRHOMICHIIN MO HACOUAX BBTOMATHER OTKIIOMACT KOMIPECCOp
WIH BUONBET €10 B SBHCHMOCTI OT 31aMioll TeMIepaTypi i i Ty
CXCMA TEMIOBOID HACOCH MPIKTHYECKI OMHAROHA ¥ BCCX NPONIRDKRTEICH.

[Tpuscriestie TOIOBBIX IKCOCOR B NPOLCCCE CYUIKH JAMETHO BOZDICTACT, HA MIPOBOM
PHIHKE [IOARIRIOTCA MHOTOUNCASHIME YOT i, NP te Ui vonx tench 1)

Ilp Ten HUIX yC (THY) OTKPUMBSET HEPCHERTHRM HOBKIICHAS
HepreTieckoll HperTHEHOCTI CyuNLILILX YeTpoficts, Ha pre.d, nogasam npuitimsuihies

AbHAR
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Mauracosame 5 MepreTisa

CXEMA  TEMAONACOCHON  CYMMARMON  YCTANOBKM ¢ BOAVMIHEIM  TErIOOOMCHHUKOM-
pexyneparopos | 1].

Palonee 1210 BCACHIBACTCH KOMIPECCOPOM |, CAMMACTCN 20 JasacHnn Kouaercamy Py
W HARPARASETCR B KOHASHCATOP 7. KOHACHCHPYRCH, ONO OTIIET TEMI0TY CYIIIBHOMY arcHTy, o
FATEM HANPSWINCTCR B PErYIHPYIOIUMH nenvi 2, rae apocceanpyercs 1o sammesnn Po. C smum
annaenpes palodee TEA0 NOCTYNERT R NCHAPHTERL 3 % HCOAPSCICH 31 CHET TEIoTH
OTpaBoTANHONO CYIITEHOIO ArEHTA (BOAIYXA), KOTOPWI OXIHRAGETCR HIKE TOMKI POCH M 1IPH
arom  ocymerces, OTICacHie  BLUICIHBIICHCE  WIMH  OPOHCXOANT B0 BAMOOTICHHTENE
(cenaparope) 4, nOCAE KOTOPOID BOSAYX NOARAACT N Tensoodmentik-pekynepatop 5. Jaecy
HPOMEXOANT €r0 npeanapsreittll Harpen. 3UTes mOAayX Inpanmercs & kouaencatop 7

o MMy 20 rpeliyemoll Temieparypul. © koTopoit on nenTHasTopom 8
nojaeTeH W eviuisiyio  kasepy. Orpaloranimit  Cynmanuni areHT NPONOINT  Hepes
TEMACOBMENIIK 5, 1€ %1 CHET 10 TEIIOTH NPONCKOANT NPCABAPHTEALHIIR HAFPen BOLIYXa N
AL NOCTYTACT I8 HCNAPHTEAS 3, OXTARAIETCN, OCYIICTCS I UMK MOBTOPAETCH.

Tlpnsenenne  MuIymnoro  TeiooGMeHKI-PERYNEPaTops  CHIKACT HATPYIXY Wi
ROHICHCATOP TEIIOBOIO HACOCH, HTO NORKILIACT MEPIETIMECKYIO IGPEKTHEHOCTS YCTAHOBKM.
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GENMTLIRRIOD,

TennoHacocHe YCTAROAKH MOFYT PabOTATh # PEANME NOANOK PELIIPRYASLIN W0 ¢
BLIGPOCOM HaCTI OTPABOTENHOTD BORTYXL B NEKOTOPIX CXeMaN (FPaIoMKIyTIX 10 DOATYXYH)
orpaloranimiil CyumIRMLR arens NOCTYNACT | WCHEPITETh, @ B KOHACHCATOPS HArpeeacTes
TOMLKO HAPYRHLT BOTAYX, TOCTYIHUOUNG 3AYCM I CYIILILHYK KaMEpY.

PesioMupys MOKNO YTHEPRIATE, YTO ICTIOMLI0BIHNE TEII0BON0 HACOCH B NPGHIECCaN
cuabmenns  rensopoil  oweprueit  nosMetennil W B TEXHOROMMUCCKUX  TEIIOODMCHHEX
NPOICCCaX, TAKHY KAK CYLIKS # BRITAPMIBIIHE, RRINCTCH IXOROMIECKI MidesTHasoll, Tax kax
KOIPINUMEHT Npeobpatonani] TEILIOROTO IMCOCE JOCTHIAET 3HatcHIs 5, T0 ecTe Ha | KBy
FATPANCHHON  WIeKTPICCKol  sHepr Tenaosoit macoe mpoimoat 10 3 kB tenaonoil
anepris. [TpH IPOBEIRIMI ANTOMETIRIIIN PABOTI TENIONOTO KICOCH (POLIECE CTAROBHICR CIIiC
Gonee IKOROMHOM, T.K. YCTIHOMIENIA 161 TEIORMX HICOCIX ABTOMATHKE PEryiMpYeT padoTy
KOMIPECCOPR B JANHCHMOCTH OT JEHNOM TeMIEPATVIL B OMEUICHIIE IUIH B TCXHOTOTHYCOROM
annapare.
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B yeaosix owmasemoro pocta noxmsateseli JkoHOMuk YAGOKHCTRNA, MCXOAR IS
ROIMOKHOCTEN  AMSKTPOMEPIETIICEKOrO  pomssoactsa  (INT),  npn KasecTnennon
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ARDU[NOUNO JATYHKAMH mnepmypu uapu LM35, DHTll MCP2700E. Jls as

CHPHANOB Pasp:

b

se e e W

YECKOro ymp

Wa ocHoBE nopra Breadboard.

Takum 0bp i no v
NPEACTARIACTCA JA0CTATOYHBIM mu TOro, 4rodb cnulm BBIBOJL: KOMILICKCHI (pochat HOHOB He
nocmouuo exTHBHBIM HHHOHTOPOM KOPPO3HI wm CHCTEM TEMIOCHA0KEHHS, TIOCKOIBLKY HX
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NAZORAT
ROSTLASH

2-rasm.

Bunda biz kerakli parametrlarni o’lchash uchun qo’yilgan birlamchi
asboblardan chiqgan signallarni masofadan turib ikkilamchi asbobda gabul giib
signallarni 0’zgaztirib , boshqaruv pultida o’tirgan holda jarayonni nazorat gilishimiz
va rostlashimiz mumkin.

Xulosa qilib shuni aytishimiz mumkinki Axborot Kommunikatsion
Tizimlarini qo’llagan holda jarayonni boshqarishimizda keng qulayliklarga ega
bo’lamiz. Hozirgi zamonaviy AKT texnologiyalari orqali biz nafaqat zavod,
korxonaning ichidan turib balki boshga joyda turib ham texnologik jarayonlardagi
parametrlarni boshqarishimiz mumkin.

I'PYHTOBBIN TEIJIOBOM HACOC - AT B BYJYHIEE!

I'agypos B.K.-ctyaenr rpynnsi M 9-14 TAKBAKT
Hayuupiit pyxoBoanTtens — qou.Mexmonos U.H.

Cha0xenne OSKWIBIX [JOMOB TelUIOTOil Bceraa Obila akTyalbHOH it
Jpoporocrosieid npobnemoit. OCoOEHHO 3TO aKTyalnbHO B Halle BpeMms, KOIud
oulywaercs AeGUUMT B TPaAHUHOHHBIX Hepropecypcax. OAHKM U3 pelieH i IToj
1npoGIeMbi ABJISETCA YCTAaHOBKA HA TEPPUTOPHH CBOETO JIOMA FPYHTOBOTO TEMLIOBOIC
Hacoca.

Tenosoii Hacoc (anrn. heat pump) — ycTpONCTBO VIS NEPEHOCa TEMI0BOi
JHEPrMM OT MWCTOYHHKA HHM3KOMOTEHUMANBHOH TENNoBOM 3HepruM (C HU3KOI
TeMIepaTypoi) K noTpebuTeso (TEMIOHOCHTENIO) ¢ §ollee BLICOKOI TeMNepaTypoii.

&
Henapumeny s
i

Xy
2

W Kowdencamop

Ombodumcs mensoma

Pezyrupyeaivy xnanaw

Puc.1. Cxema KOMIPECCHOHHOTO TEMJIOBOI0 HACOCA
1-konoencamop; 2-0poccens; 3-ucnapumens,; 4-komnpeccop.

TepMoaMHaMHUECKH TEIUIOBOH Hacoc mnpeacrtasiser coboi obpamgHHyio
SONOAWTBHY0 MalinHy. Ecii B XONONMABHON MaliMHe OCHOBHOM UENBIO SBNACTCH
HpoiisogcTBo - Xonofa  nyTéM  otGopa  TeIUIOThI M3 Kakoro-iubo  obbéma
MUapHTEneM, a KOHIEHCATOP OCYUIECTBIAET COPOC TEMIOThi B OKPYIKAIOILYIO CPE/y,

I TeII0BOM Hacoce kapTHHa obparHas. KoHneHcatTop sB/IsSeTCs Temioo0OMeHHbIM
PATOM, BBIIGTSIIOIIWM  TEMUIOTY A8  MOTpebMTeNs, a HChnapureih —
OOOMEHHBIM  anmapaToM, YTHIM3HPYIOIUMM HH3KONOTEHLHATBHYIO TErIoTy:

WIOpINHEIE SHEpreTHYecKue pecypchi M (WIH) HeTPAaAHLMOHHEIE BO30GHOBIAEMbIE
WUTOMHHKY SHEPTHH.

. Tennoroi Hacoc BbIpaBaThbIBACT 3HEPIHIO M3 MPHPOJHBIX PECYPCOB, TAaKMX

UK KON, OYBA WK BO3OYX. DTa IHSPrus Npeodpa3oBbIBACTCS W3 ACKTPHULCKOI B
IIIOBYIO JHEPTHIO B COOTHOWIEHWH no 1:5. Dmo coommuowenue naszvieaemcs
Mhpuyuenmom  npeobpazosanus  mennogozo  macoca - OMHOWLEHUE
WeNIOnpou3eooUmensHoCMIU K 3AeKmponompebienuo - 3aBUCHT OT  YPOBHS
AOMIIepaTYp B MCMApHTE/IE W KOHAEHCATOPE H KONeOIETCH B PasTHUHLIX CHCTEMax B
Alnasone ot 2,5 1o 5, To ecth Ha |1 kBT 3aTpaueHHON IMEKTPUUECKOH 2Heprin
WIUI0ROTT Hacoc Npou3BOUT OT 2,5 10 5 KBT TeruoBoit sneprum.

Cxema BbIPa0OTKH TEIUIOTHI C MOMOILUBIO PYHTOBOTO TEIUIOBOTO Hacoca
HokasaHa Ha puc.2.

Veeauuenwe dHepruu  dopmupyercas  IMyTEM  yBEIMYEHMS  JABIEHHUS
AOCTHIAeMOro 3NeKTPAYeCKUM TPUBOJIOM KoMmpeccopa. TemmepaTypHbIH ypOBEHb
JennocHatkeHua OT TEIUIOBBIX HAacocoB 35-65°C. DKOHOMHA 3IHEPreTHUSCKUX
peeypeor  pocruraer 70 %. [IPOMBILUIEHHOCTh TEXHMHYECKH PAa3sBUTBIX CTPaH
WMIYCKAaeT DIMPOKHI  AaCCOPTHMEHT MApOKOMIIPECCHOHHBIX TETUIOBBIX HACOCOB
11080 MomHOCTBIO OT 5 1o 1000 kBT.
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aronrTeaniiit

P Konryp

+65°C

wacoc

B ucnapurene, Xuakuit xnagarenT
TENN0B0I0 HaCOCa HarpesaeTcs n
Mcnapserce, 3abupas Tenno u3
PacconeHOro konTypa. [fanee nap
BCACHIBAETCH B KOMNPECCOp.

CKATAIH

Puc.2. Cxema paGoThl FPYHTOBOIO TEIUIOBOI0 HACOCA

B kayecTBe TEIUIOBOrO MCTOYHUKA TAKHE HACOCHI MCMONB3YIOT COJHEYHYI)
SHEPrul0, HAKalUTMBAaeMYI0 B 3€MHOH MOBEPXHOCTH, ¥ C [IOMOLULIO CHCTEML
NUIaCTHKOBBIX  TPYD, YKOMIUIEKTOBAHHAIX TEIUIOHOCHTEIAMM, [aHHAX 3Heprij
coOMpaeTcs reoTepMaibHBIM HACOCOM. 3aTeM OHa yKe MOCTynaeT B HawM noma. B
pe3ynbTaTe Mbl NOJYYaeM He TONbKO YHUBEPCAIBHYIO, HO U JICUIERYIO, IKOJTOTHUYECKI|
YUCTYIO CHCTEMY OTOILIEHHS M FOPAYEro BOIOCHAOKEHHSA.

K cnopy ckazath, B llIBelH Ha OPUHLMIE TEMIOBBIX HACOCOB OCHOBAH(
Honee S0% OTOMMTENBHBIX CHCTEM, @ YK B 3TOM CTpaHe 3HAIOT TOJNK B IKOHOMMH Il
IPrOHOMHUKE.

TEIJIONMMPOBOJHOCTD ITPH HECTAIIMOHAPHOM PEKHME
TENJIOOEMEHA

I'agypos b.K.-cryaenT rpynnsl M 9-14 TOKBAKT

Hayunelii pyxoBoaures — aou.Mexmonos H.MU.
HecramnoHapHele  TEMIOBbIE NPOLECCHI  CONPOBOKMAIOTCA  HE  TOJIbKO
M3MEHEHHEM TEMIIEpAaTypPHOrO MONS 1O BPeMEHM, HO MOMTH RCeraa CBA3aHbI (

M3MEHEHHEM SHTAbIIHMU TENA, T. €. C €0 HArPEBOM M OXJIAXACHUEM.
[TpakTuueckue 3ana4u HECTAIHOHAPHOTO TEILI006MEHa MOKHO Pa3ieNuTh Hil
BE OCHOBHbiC rpynabl. K nepeoif OTHOCATCA NPOUECCHI, MPOHCXOMILME TipH
nepexone Temla M3 HEKOTOPOr0 HaYalbHOrO TEiUIOBOrO COCTOSHHMS B  HHOU
CTauuoHapHoe, OOBIMHO PaBHOBECHOE TEMIOBOE cocTOsHME. Ilpumepamu Mory
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WIYHKMTE  M3MEHEHHE TeMIIepaTypHOro TosisAd B Tede, NOMEUEHHOM B Cpeay,
femiiepatypa KOTOPOHM OTIMYAaeTcss OT HadalbHOW TEMIEparyphbl Tena, HiH
WMPABHUBAHHE TEMIIEpaTyp B Telic C 3aJlaHHBIM HadalbHbIM pacnpeiesieHHeM
Jemiteparyp. Ko BTOpoii rpynie MO>XHO OTHECTH NPOLECCEI, POUCXOAAIINE B TENaX,
WUNLITHIBAIOUIMX TETUIOBOE BO3/AEHCTBHE H3BHE, H3MEHAIOIIMECA BO BPEMEHH MO
HUKOTOPOMY 3aKOHY. 3ech MOXKHO HasBaTh NPOLECCHl B PEreHepaTHBHBIX
00 OMEHBHKAX M Ip.

B DOJILIIMHCTBE HECTALHOHAPHBIX TEIUIOBBIX MPOLIECCOB MOXHO BBIIEIHUTh TPH
I, XapaKTEPUYIOLIHECK PATMYHBIMHE PEKUMAMH, U3 KOTOPBIX COOCTBEHHO He-
LinuronapusiMi OyyT muiub ABa nepebiX. Ha rnepsoM tane mosie Temreparyp B
J0/Ie OlpeeNieTCs He TOJIbKO U3MEHHBLUMMCA TEIUIOBBIM BO3JIEHCTBHEM, HAlpuMmep
MiIMEHCHHEM TeMIepaTyphbl OKpY KaroleH Cpebl, HO W HaYalbHbIM pacnpeiercHinem
Jemieparyp B tene 1y(x,y,z) npu T = 0. [TockonbKy HauaabHOE TEMIIEPATYPHOE MOJIE
4 obem cinyyae MoxkeT ObITb BeCbMa NPOM3BOJIBHBIM, TO M TEMJIOBOH PEXHM HA
J1OM 11EPBOM 3TAMNe HOCUT XapaKTep HEeyMOpAA0YEHHOT 0 Ipouecca.

Ha BTOpOM “Tame BiMsAHME HA4aIbHOTO COCTOSHUA Bce Oosiee u Gonee
WeinbeBaeT, U JajibHelee NPOTeKaHne NMpoUecca ynpasaseTcs JHLb YCIOBHAMH HA
IitiLe Tena, T. €. HACTYNAeT PEXHM YMOPALNOYEHHOro Mpouecca. B YacTHOCTH,
P01 YIAPHBII PEXKHM.

JUts1 GosbLIMHCTBA MPOLIECCOB MEPBOM MPYIIBL XapaKTEPEH €LIe U TPETHH 3Tar,
# KOTOPOM TemrepaTypa Tena BO BCeX TOYKaxX O/JMHaKOBa M paBHa TemIeparype
UkpyKaiomer  cpesl.  DTO  COCTOSHME  HA3BIBAIOT — COCTOSIHHEM — TEIIOBOIO
PaniosecHs.

(CTpoOro roBops, 3T0 HOBOE PABHOBECHOE TEIJIOBOE COCTOSHUE HACTYINAET JIHIIb
110 HIPOILECTBHE OECKOHEUHO OOJIBIIOro MpoMexyTKa BpeMeHu. OIHAKO Ha NPaKTHKE
1910 OTHOCHTENBHO OBICTPO JOCTHIAeT COCTOSHMS, BECbMa ONM3KOro K COCTOAHMIO
IIIOBOrO  PABHOBECHs, [OITOMY M HMHTEPECYIOUIHE HAC  JUIMTENbHOCTH
O TIIIMOHAPHBIX PEXMMOB OTHIOb HE OECKOHEYHBI.

Hecraumonapuasi pabora terioobmMennuxoB. [lepexonsbie npoueccsl B
IRI00OMEHHUKAX CTAIlMOHAPHOTO AEHCTBUA. XOTA 3TO HE IT04EPKHBANIOCh, HO BCE
W¢ MMEJIOCH B BHY, YTO BCE TEMIOOOMEHHMKH, PAacCUMTAHbl HA CTAUMOHApHBIA
Peiim oxertyarauun. OHako paboTa Teno0OMEHHUKA BCer/ia MMEeT HayanbHbIH 1
ROHEUHBI DEPHOIBI; KPOME TOrO, NPH TIPOMBIILICHHON 3KCILTyaTalMi HEU30exKHbI
HEPEXO/BI OT OJIHOTO CTALMOHAPHOrO pekMMa K Apyromy. MoKeT Okasatbes, 4TO
HPOUOIIKHTEIBHOCTE  MEPEXO/IHBIX  [IEPHONOB  COCTABUT 3HAYMTENBHYIO  IOJIO
UOINIOTO BpeMeHH paboThbl TEMI00OMEHHUKA.

IT0 OmHA M3 MpPUYUH  HEOOXONMMOCTH  KOJMHYECTBEHHOIO  aHanM3a
MO TAIMOHAPHBIX  PEXKUMOB PabOThl TEMIOOOMEHHHKOB, TOCKONLKY [10Ka3aTeu,
Wlipe/iensieMbie HCKTIOUMTEIBHO Ha OCHOBE XapakTePHUCTHK CTAlMOHAPHEIX PEKUMOB
PAOOTEL, MOTYT CYLIECTBEHHO PACXONMTHCS C JACHCTBUTENBHOCTBIO.

. Cywecrsyer u apyras npuuiHa. JacTo XapaKkTepUCTHKM TEIUI0OOMEHHHKA B
HEPHOIbI €ro Nycka M OCTaHOBa CBA3aHbl ¢ MpoOieMol Ge3onacHOCTH paboTh
JUINHOBKH B LEIOM, OCOGEHHO €C/M MEPEXOIHBIH MPOLECC OCYIIECTBISETCS B
WO INUIAHMPOBAHHOM  FOPAJZIKG,  HAanpuMep, B pe3yJjbkrare  OTKIIOYEHH:
wiekrponranud. Torma B pesynprare OBICTPOrO H3MEHEHMS TEMIIEPATYPbI MOTYT
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BO3HHMKATh TEPMHUUCCKHE HANPAKEHHMA, A IPU MHAPABIMYECKUX yAapaX, CBAZAHHEIX |

PE3KHM TOPMOKSHHEM INPOOOK KMIKOCTH, — pa3pyllleHHH TpyOONpOBOMOB M iy
COE/IUHEHHI.
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Puc.1. Buas: Tensioo6mena

CYJIN IOHUJIAH EPMA HIUJIAB YNKAPHILI "KAPAEHUT A TABCHP
KHJIYBYUN OMMUIJIAPHUHT AXAMUSATH

aou. H.A. MemaroB

Epma 3aBopnapuna cynM NOHMAAH CHILTMKIAHTAH EpMa, MAYOKIAHTaH Epma
snnaitipwiran €pma Ba CynM YHH uuuiad umkapunann. Cyiau NOHHIAH OIMHIaH
MaxcyJI0T/1ap I0KOpH KaJopHAIuru 6unan Somka €pma MaxcysIoTaapuIaH aKpaiii
Typanu. Cynu NOHMIAAH ONMHIAaH MaxCyJOTJIap TapKMOMIA EMHIIKOK MOTAIapHH
Gopnury cababau ynap mapxesbon xycycusrnapra sra. LUyHuHr yuyd cyau
€pmacunan €m Oonanap Ba AMETHK Kacaaiap y4yH OIMI Ba MUUIKPUIIHM Tanao
KWiMaiaurad yuiaap unwiab yukapwiagn. By maxcynoTmapra Kyn MHKIOpIa
BUTaMKHIAp (THaMHH, pubodIaBHH, HHALWH) Ba OMp KaHYa MHKpO2/IeMeHTiap 60op.

Cynu nonuna Gowka €pma nownapura Hucbaraw ryn koOuru kyn Gyauo,
MIEHKACHMOHIKTH 25...30 % Ba yHIaH 10KOpHpOK Oynann. Lllaknu aiinana, TVnik
JIOHJIH, Kam NAEHKANH CYJIM IOHU HT AXIUH TEXHOIOrHK Xoccanapra ara.

JloHuuHr TapkuOuaa TewMKAapHHUHT Ynuamiaapu 1,8x20 Mm 3makpad Yrraw
Maii1a Cyjd NOHMHHHI MMKIOpH 5% JaH olmMaciurd kepak. Yywku tapknbuzaa
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Y3BEKMCTOH PECNYBJIHKACH
OJIHA BA YPTA MAXCYC TABJIHM BA3ZHPJIHUTH
PAPFOHA INOJMUTEXHHKA HHCTHTYTH

“TEXHHUKA BA TEXHOIOIMSHHUHIT
JOI3APE MYAMMO.TAPH, YIIAPHHHI
IHEPIOTEKAMKOP BA
HHHOBAIHOH EYHUM.IAPH"

PecnyOuinka HaMHI-TeXHHK aH/ARYMaHH

MATEPUAJIVIAPU

I-kuem
2016 iina 20-22 anpeas

Dapiona - 2016
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“TEXHHKA BA TEXHOJIOUHAHHHT  JTO03APE  MYAMMOJIAPH,
YIIAPHHHI 3HEPIOTEAAMKOFP BA HHHOBALIHOH EMHMIAPH™ —

SAKTYATRHBE TNPOBTEME TEXHHKH H TEXHOIOTHH, HX
FHEPTOCBEPENAIOIHE H HHHOBALHOHHBLIE PEIUEHHA™,

Pecnybanen wamuii-Texnnk ansymann sarepuasnapu. l-wnew. Paprona, 20 -
22 ampein 2006 i, - 250 6.

ANEYMANIA MAXANINA XOM awénapian Joiaanmmnran Kona oKepH Yy smaop ol
MHEAPHI BOCHTATAPH, WIMHE NOKMIOP BR PAKOOATOAPAOL TEXHONOMMAAAPH, KYPIIMA BA
EHXOITAPHN APATHIN XAMIA MARKYLTAPHHN MONEPHHIAUMA KNI B3 TeXHHK Kaiita
WHXOWMAN,  MENCYNOTIAPHH  MAXAMNWANAIITHRHIL,  FHEPTHA B DECYPC  TEMAMEKOD
TEXHOMOMMANAPHI APATHIN Dopackma (yHIAMEHTT BA AMATHI TIIKHEOTIAD HATHAUIARIHIL
WIFOP TEXHHK Ba TEXHOMOTHE CYMMARPHH HUIE0 4HKApUITE %OpWil STHIMHHHC SHIH
HMEDHHATRAPH B3 AYanaps,  Takods, ad B3 Wmnad  GHKAPHIL  CYOHEKTIRPIHHAT
HHTErPALHANALYE  RApAaBHHHH  KALAMMAWTHPHIL,  HWNAD  YHEKAPHLIOR  TEXHHKA  Ba
TEXHOMOMANAPIATH MYAMMOTAPHHHT CHEMY DOPACHAS BMANTA CLUMPHNTAH TAAKHEOTIAP
HTIAARAPH, COX3 MYTAXACCHCAAPH BA  CTAKMM  OIHMIPHHHT  UEPIAPH; PCcype
TEHKEMKOPIIHTH CMIITAPH, WMECHUSTIARH B3 YAAPHHAT CAMAPAIOPINKKA TABCHE KILTYBYH
MEXAMMIMIBPHH ACOCHT AT HLIMULIEPIE XAKIIA MALIYMOTIAP KETTHRHITAN,

T¥nmam onuil TARNMM MYACCACANAPH BA  WAMHI-TAOKMEOT HHCTHTYTAZPHHHHD
QNHMNAPH, FRHTYRMHAAPH, HATTA s NOTM-HATAHYBH I TAPH, MVCTAKHI
TAAKHECTHHIAPH. MATHCTPARTIAPH B3 HILAAD YMKAPHL KOPXOHAIAPHIANE MYTAXACCHTIAPH
YHVH My IHETAHTAN.

AHEYMAH TAKWAG TIPS
Vaterncron Pecrnyfinmeacn Qi pa FpTa Maxcye TaLIHM BEIHpam
IProHa NOANTER HHER HECTHTYTH

Tanssnin k¥vmra;
Tapn, aou Orakynos O.X. —~ panc, PaplTH pestopn
TApH., aon. Cynaiimonos O H. — pase fpunibocapn, @apllH HHE npoperropi

TN KYMITa A0

Tip.a., npod. Dprawee O — dapllH
d-mdia, npod. Bdanawes H X, — daplld
Tipa, npod. Tosnes POK. — GaplTH

W, npod. Hemanos HH. - daplTH
Tap.a., npod. Hmee X M. — Tow TY

Tip.a, npod. Taraes ME - KJIY

T, npod. AGavpasasos C A - Tow/TY
T4 1., npod. Canyanaes HH. = ByxMTH

Canmxonor AT —"Farg'onaazet” QAN Dowsapyem pascH

Ymapon KO 0 -“UZ-Hanwoo Engineering” KK MYA Sow anpextopn
Caimpaxmenos @ H. -"GM-Powertrain” KK MWK Sow anpestopn Vpuniocapn
AGmyxadbopos O A, — Daprosa xyoyouii * Asrorexxamar-d7 AKX pance
Basopos B.T. - “Espasis TATIO-Tnex™ KK MUK Gow anpexropn

2 aplTH — Paproda NoINTeXHIEE HHCTHTYTH, 2016
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Xynoca

Tonmuambyp xOCHWIHE KOBRAG QW yuyH OWCKAN mesex, aumancnn Gapadan
SipHETH:"II'ﬁH INEBATOPAN KOETACHY APATHIN TABCHA KHIHHAW BA YHH ACOCHT HIMH EHCMTAPH
AMCKNN emex Ba GapadasHEMHT ACOCHI YIuamMiapu nasapuil soograas acocnal Gepunmn.

Anaburaap

1. Woymaposa M, AGgnnnaes T, Kapuvos H. TonunasmGyp eTHIITHPHILAL KOMILIEKE
MEXAHHIAUMAIALD BOCHTANApPH THIHMHHH APATHID HMEOHHATIAD. A Hnsuii MAKOTANaER
rinnamu, - T, THAY 2013 ji., 8491 Gernap.

APXHTEKTYPA ABTOMATHIHPOBAHHOU'Q ¥IIPABJIEHHA YCTAHOBKOIL
JUIA NOJOYYEHHA HHIPEJHEHTOB H3 PACTHTEJIBHOI'O CHIPBLH
CHMAKEHHBIM YTJEKHCABIM I'A30M
Hayuneii pyxopogurent: Mexyvonos H ., Marnctpant: [adwpos bE.
byxapcknii HHAEHEPHO-TEX HONOTHYECKHIT HHCTHTYT

JINA aETOMATHINPOBAHHOTD YIPARTEHHA YCTanoBkol 108 NOAYIeHHs HHMPeIHENTOR
Wi PACTHTEABHOND ChIPbA  CHRMKEHHEIM  YIOCKHCIBIM TR30M NOCTPOSHE  TPEXVIBHEELR
ApEHTERTYpa (puc. 1)

Mepeeii  ypopens  (HHAHIER  YPOBEHE)-YPOBEHE  TEXHOMOPHYECKOND  O0LEKTL,
BEAKOMAET B cela 1aTiukH, npeodpazopatent, HCMONHNTENLHBIE MEXAHHIMEL H JOKANBHEE
cramiuii ynpasnenina. Bropoil ypopens (Ccpendnil  ypOBeHs)-KONTPOMIEpHEIT  YPOBEHD,
COCTOMT M3 TPOTPAMMHPYEMEX A0THYECKHX  ROHTponsepos. Tperui ypopesb {BepxHnit
YPOBEHE)-VPOBEHL ONEPATOPHOMN, CONEPANT ABTOMATHIHPOBAHHOE padouee mecTo (APM)
CHEPATOPA 1 CEPEED XPRHEHIA NPOHIBOACTEEHHO-TEX HOAM HYECKi nupopmaw,

Ha neproM ypoBHE VNPABNEHHA EBIMOAHAKTCA CRedyiilie GVHKUHKS cG0p M
neperunas  obpaboTka TexHonorHyeckodl HudOpMalH, NoCTYNAOWeEd o7 JaTYHKoE H
HIMEPHTENBHEIX  npeolpasosatencil;  PeTPAHCIRUMA  HEGOpManny, nocTynawmed  or
NPOrPAMMHPYEMBIN. KOHTPOILIEPOE, BCTPOEHHMX B NOKATBHBE CTAHLHH H QNOKH KOHTPOAA H
¥ONPABMCHUA TEXHMIOMHHCCKHY AMPEraToe ¥ yCTAHOBOK, oioMeH HHrhopunmwﬁ I:'npncu "
MEPENAYA) CO BTOPHIM YPOBHEM CHCTEME, YNPABNEHHE TEXHOMOHYECKHM NPOLSCOOM Ha
OCHOBE COOPAHHON TEXHONOrHHECKON HHHOPMALIN 1 KOMAHD, NOCTYNAOWNY GO BTOPONG
YPOBHA VITPABNEHMA, ABTOTECTHPORAHNE  SJEMEHTOR  MECTHOI ARTOMATHKH,
NPOIPAMMHPYEMEIX KOHTULIEPOE JOKAIBHLIX CTAHLIE YIpaBienins.

Ha eTopom ypoBHE YNPaEncHUA BEINOAHAKITCR cheayiimme gwHEupn: ofop w
KOHUEHTPAUHA HHOPMALHH € [EPBOTD YPOBHA CHCTEMB © XOO2 TeXHONOrH4YecKoro
NPOUEccd, A TAKme  OT A HE e YIOPABASHHA #  IOKLIEHEIX CTAHLMI ¥OPABASHHA,
(hopMHpOBAHIE M NEpPelada HA HIEHNHI YPOBEHE YNPABAAIOLINY BOIOeicTBHIl, IHArHOCTHES
paﬁm-u TEX HOMOIHYECEN O Cﬁopy,u.ﬂuamm, TEXHHYECKHN W NPOrPaMMHBX CPEICcTE CHETEMBI
YNPARNEHNA, BHYTPEHHAR 00OpatoTRA W xpaHetne wHhopMatny, hopMupoBatie 083 NAHHB:
HHIHKAUHA H PErHCTPALRA HIBOPMALIHK, PEANHIALHA THAN0M C ONEPATOPAME, COCTABNEHHE
ONCPATHBHEI CEOAOK, OTHETHRIX ¥ CNPABOYHEX NOKYMCHTOR, nonyscHue B obpaboTka
HHOPMALNH  OT CMERHBIN  CHCTEM, Tepeasua  MHQOpPMaLHK  Ha  BepXHWI  YPOBEHB
YNPABIEHHA,

Ha Tperbem ypoBHE YOPABAEHHA BHINONHAKTCA creiyrowme @yHkuun: cbop w
KOHLUEHTPALIHA an]mpuauml CO BTOPORG YPOBHA YOPARIEHHH O XOOE TEXHONMMYECKOND
npeuecca OOBEKTA, ABTOMATHHMECKOE popmupoBaHne OTYeTeB W padouny (pPeimMHBIX)
NHETOR N0 yTeepAaennoil fopue 5a onpeneneiibil NepHon BPemMeni.
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Hamepurenvtvie cpeactsa ACYTII (zatunki v H3MepHTenbHble NPHOOPBI) MMEIOT
CTaHpapTHLlil  yHudmumporannwit sexoanoi curkan 4,20 mA Coennuenne mexay
DATUHKOM M KOHTPO/IEPOM OCYLIeCTBAAETCH hH3HIecKoii anneli (ABYX NpoBoika)

Henoanwrensupie  mexaunsmer ACYTIT (nycxarens u knanan) padoraor wa
HanpaseHus  Toka  220-230 B [lockonbKy — BBIXOAHOI  JMCKPETHBIN  CHIHAN
NPEAYCMOTPEHHOTO xoHTpoaaepa 5 B, npeayemorpena yeranoska peae (SRD-0SVDC-SL-C)
raAbBAHIMECKON PA3BAIKH JIMCKPETHEIX BEIXOIOB KOHTposaepa. Bee 0Gopyaosasim HIDKHETO
It CPEAHEro YPOBHA MeXTPHPHLUHPYETCA OT BHELUIHErO HCTOUHHKA MITAHHA.

Hamepaemas BEAHYMHA IIMEPACTCR AATUMKOM M NPeolpalyerca B 3aeKTPHHEcKiit
curran 4-20 mA. Jlanee cHrHan nepenaeTca no aHANOrOBOI HHHH HA AHANOTOBBI BXOI
KonTpouiepa. B KOWTpOMAEpPE NPOHCXOAHMT NPeodpalosanHe anaNoroBoi  BEeNHYHHbLL
INEKTPHYECKOro curHana B undposoii eua (xon AL C yywerom xoadduumenta nepectiera
npeodpasosatens GHIMUECKOll  BeMUNHLL, JaHHasx dp BEJ nporp
NEPECHHTHIBACTCA B PCANTBHYIO BEAHHHHY TEXHONOTHHECKOrO napametpa. Peanshas pesmsnHa
TEXHOJIOTHYECKOrO  napaMeTpa (Jajee MPOCTO  BeNHYHMHA) 3anuchHBaercs B Oasy
HCTOPHHECKHMX THAMCHNIT CO CBABAHHBIM LITAMIOM BPEMCHI

Mo naHHOMY 3HAYEHWIO BBHIMMCISCTCH COCTOSHHE, B 3ABHCHMOCTH OT YCTAHOBOK:
asapus, npeaynpexaenue, nopma. Mo cocroanmo renepupyercs codurrie. Bee cpazanubie
aunmamonnpie coelikn B SCADA  cueTeme nepepHcOBHBAIOTCA MCXOAA W3 HOBOTO
IHaveHHs

Level 3

Level 2

Level |

Puc.l. ApXHTERTYPA ABTOMATHIHPOBANKOIO YIPABJIEHHSA

npll Haxarun xomaunuoﬁ KHOMKH Ha ABTOMATH3HPOBAHHOM paﬁO'IeM MeCTEe B
NPOrpaMMHpYeMulii KOHTPONNEP MOCLINAETCA 3HAUEHHE HOBOID COCTOAHHA ycTpoiicTsa. B
KOHTPO/UICPE NAHHOC COCTOAHHC AHANMIMPYETCA HAa AONYCTHMOCTH, NOATBECPAAACTCA WK
oTkionsercs. B cayuae noarsepiaenns HOBOTO COCTOAHNA NPOTPAMMIPYEMBITT KONTPOILIEp
BBEIMQUIHACT BbIAAYY MOCHCAOBATCABHOCTH  YIPABAAKOUNX CHIHaNoOB HEPE3 AHCKPCTHBIC
BRIXOABI HA HCnonHuTenwHoe yerpoiicteo. TMpu atom noacucrema PCY  xouTponmpyer
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KEAOLIIT 3TN NOCKUTKY YIPABIAILINE CHIHANOE H GIOKHPYET CMEHY COCTOAHMA YeTpoiicTsa
B cmyHae ommbem,

Ilponece perynnmpoBAHHA-TICAHOCTREY  ABTOMATHUECKHil npouecc. [lons3oeatent
CHCTEMElL BBOIWT IANAHHE HA FE]'_\-'I[HF[)EQHIEE. ILE.I'IEE I'IPEI.HSPII'JCIEHTL‘.I'[I: TEXHOIHHMECKOMD
MapaMcTpa HIMCPACT BXOAHYH) BEOWHHHY. ﬂaHHﬂ.l‘l BEMHHMHMHA NOTACTCA HA Oﬁ]JEEI'DTK}' B
nporpasvupyvenieli  kowrponaep no TTHA anmroprrsy. Januesii anropsrs BudRciEer
COCTORHNE  HCTIONTHHTCNRHOMO {)TIFEH'H. NAA  BEXOJHOTD TIH.pa.HC‘TpE " BeLIACT Ht‘]]1IK1
YOPABNAKIIHY CHIHANOE 008 YCTAHOBKH MEXAHHIMA B COOTBETCTBYHMIEE COCTOAHHE.
KGMH}'HIIHI.]HR IC{\HTPD.H]'IEFHI"]T{} )’Pﬂﬂl—lﬂ & BEP!“HM I']FUI.I?&H(’],LT,IITCS{ no CeTH HA OCHOBES
kabena USB w npotokona Ethernet. Jlna QMCTAHUHOHHOTS KOHTPONE W HAOMHIEHHA 33
KOQOM npougcca npenyosorpen aArduing Ethernet Shields, wotopeiii ¢ nosotsio
npotokona Ethernet coennnserca ¢ wmonesos. [anee, moSunbueii K ocymectenser
KOHTPOME H HASMHOIEHHA 34 XO00M MPOLECea Yepes HHTepHeT B MoOoil TOUKe 3eMIH.

Tperwit (pepaunit) yposens ACYTIT coctour w3 cepeepa w moGnnesoro TTK-Intel
Core 17, 2,5GHz, 03V DDR3-6 I'G, monuTopa—159", ceTeBoro npuHTepa; MoZema.
-‘RBTIT!(HTH'{HPUEIHHH[)E PHEI[J"N:E MECTD pCH.I'I]L'l(]B-HH[] Ha ﬁu‘u: (]nt’]’]BLI.FI[]HHI:Iﬁ CHCTEMBI
Microsoft Windows 10,

AKCTPAKT H3 BHHOTPAJHBIX KOCTOYEK
ladypos K.X., Mupsaesa LLLY ., Myxamanues B.T.
byxapcknil HHKEHEPHO-TEX HOIOTHYECKHIT HHCTHTYT

Mo pesyneTataM NabOPaTOPHEIX ONBITCE ONPEIENEHD, YT0 JKCTPAKTHM  CeMEeuel
BHHOTPANA YCKOPRHT PaspylIcHHe KICTOR Jeilkesun [I] l'rpu TMPOBCACHNH OIHOMG OMBTA,
YUEHBIE BBIABHIH, YTO 3IKCTPAKTHL  KOTOPBIE CONRPEATCA B CEMEHAX BHHOCpaoa,
cnpcobeTeyT Donee DRICTPOMY PA3PYIIEHII KIETOK JERKEMIH, TIPH 3TOM 3TH JKCTPAKTE
HHKAK HE BPEINT 3A0POBbIM KNETRAM opratnsma. OOIaLaeT aHTHOKCHIAHTHEIM CBOICTBOM,
YAVUILAET UHPKYIALMIO KPOBM U YKPEntser credkn kanwnanpos, Meficreyer o 15 paa
axTuaree BnTamuba B TTomoraer cnpaenteca © eoapacTHeve Oonesissy, Hefrpanmayer
CBODDIHLIE PAOHEANL, NPENATCTEYH HX PAspyLIHTENLHOMY BOZLENCTBHIO H2 MHOKRPA.
AKTHRIDHDYET  UMMYHHYHY  CHCTEMY,  SUIMIECT  [ErOMHYK)  THAHB,  SANHLEET
COSTHHHTENLHYIO TKAHL H KAK CNeIcTEHE YMEHBIIAET BOCHANSHHE, IAUHILAET TKAHH [Ias.

MMpuewm peero 100 Mr CyXoMm COMPIOBOID SKCTPAKTA 13 BHHOIPAAHEIX CEMHAH YHe
vepes NBa YACE CHHMKAN COAeprkaHNe XONecTepHHa B kneTkax Ha 70%. Tak GrA0 nokazaHo,
UTO BHHOTPAIHLE GHTOICPOrEHE MEWAI0T KNETKAM HAkanuuears xonectepun. [ooromy
BHHOTPANHAR KOCTOMKA MOMET CTATE OCHOBOH OYIYVILHY NPENapaTes LA npobiAaKTHER

ATEPOCKNEPO3E ¥ HEHIIHH, BCTYNHELWHY BO BTOPYI NOMOBHHY HHIHH.

Busorpanusie koctoukn (Vitls 5p) RBEIRKTCA HCMTTHOHOM 0 COLEPREHMED CAMED
MOLIHEN  NPHPOOHEX  AHTHOKCHIAHTOB-NONMGEHONOE  NPOAHTOUMAHHIWHOE, TAHHHOE,
KATEXHHOB M JPYIHX  UEHHBIX  JIEMEHTOR i IBEIIHEES  BELECTBA  CNOCOOHBL
DAOKHMPOBATE BIHAHWE ATPECCHBHON BHEWIHEH cpeabl, NMpencTBPAATL MPAKTHYECKH BCe
AAGOIERA HHA cepm‘:-mo—mcyuncrﬁﬁ CHCTEMbI, PEANLHO TOPMOIHTE NPOLECChl CTAPeHHA
OPrEHNIME,

IMnaenoe  aocToMncTEo DkcTpakta Bunorpannwx Kocrower (3BK)-ynukanchan
CNOCODHOCTE YEPEMAATE COSOAMHMTEIBHVEY THiHb CTEHOK BOEX KPOBEHOCHBIX  COCYI0B
(aprepuil, BeH, KANHANAPOE) W ALNATh HX NPOUHBIMH W YNPYTHMH. YEPenneHHe cocynos
HMPEMATETEYVET KPOBOHLIHANHAM, B TOM YHCOE, KPOBOHEIHAHHAM B MOS0 H PAAPEBEY COCYI0B
CETHATKH a3

DRCTPAKT BHHOTPAAHEN KOCTOMER TRUHIAST KPORBEHOCHEE COCY 1L Takme Onarosaps
CROEMY MOBHOMY NMPOTHECBOCTIATHTENRHOMY ACHCTENI0, YEPenias credkn cocynos, DBK
YMEHBIWAET OTEKH, YT0 ABISETCH  OYEHE  BAMHEIM  DAKTOPOM  NPH  DOBLILEHHOM

o4

MYHIAPHAA

C¥1 Gowm

fropacna MTEReXHRG wrCmmyn pemap (X Omaryios
VilexncTonaa MaMEACOITHE CARDATHHH PHEOKIAHNIN
Chmgiyaos (X

IV BEA: MAITHHACORTHEIA HHHOBAITHOH TEXHOJIOTHALIAP,

FAMOHABHI YOYJLIAP, HHTH MATEPHAJLTAP BA HULTAE WHKAPHIITHHA

MOJEPHHIAIHATALL

Bananme  paniHIHbIX
MATEPHATOB

Kawasges HX, Yaapos 300,
aEspazmn TATIO-lncks  Kymma KOPXOHACHIA WILATHAATHCAH  BATHOBKA
ARHETTHHHHAT B MY LA THHN SIHPHI OMELIapH

Keapevwonos H.A,

Hecaegopanne ré0TexHoaoriuec Ky
EXILMATANHH CEKRBAMHH

Heanwireit prywosodameis: Awecyaos LI, Moscnpann: oduwes A.H.
l.uTE“TI-l'IBpHIlHr HINYH KHCMHHH HULTAID MYJLIATHHH OIIHpHI BA YJEAPra
T{I'J‘M]ll{ HILIOB ECI'II\II.I.I

¥uypraxos V.01, Faxnmon 1119,
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MoBsImeHNE KAYCCTEA 0 OPOMHOCTH MAOCKHX 0 PACOHHEIX TOBEPXHOCTE,
NI SAEMBIX HA CTPOFAIBHBIX CTAHKAX

Feemugrow LA, Typaea 12T, Moo B0

Cpasnenns Cad nporpavs: Komnac 3d w Auto Cad

Hanwrsrit pysosodumeis: Kocuvosa M, Codenm: Acavos B,

The problem of improving cracking

Senior teacher: Botivov Ya,, Stwdent; Majidov 1.

MopbimeHNe  OPOMIBOANTEIBHOCTH  (PPEICPOBAHNA 33 C4ET  YBEAHYCHHR
WwHpHHE QpezepoBaHng NpH 3aaaaHoi norpempocTh Gopvosbpalosannn
erieznovcimon BH, Mupeaeowedos H.T | Kadepow MO

Canoar coxacuma KPesuni J1eMeH THHIHT Fpun

Kovndos B

Tekne WIAIAPTA OXHPTH HIA0E GEpHI YOYAIAPN TAXIHIH
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