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This paper presents an algorithm for controlling and monitoring a cooling
system in a business building by using the human-machine interface
(HMI). The computer program for automatic control was implemented by
using the ©SIEMENS TIA portal computer program. Based on the
previously created hydraulic schema of the system, a ladder diagram was
created, which was stored in the PLC with the aim of further automatic
system control. In addition, a SCADA system was implemented to monitor
all the processes of the cooling system under consideration. The control
system is designed as a remote-control system with the possibility of
adjusting and monitoring the system from a remote location via a
computer or mobile device.
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1. INTRODUCTION

Living standards of human society [1] can be expressed
in terms of energy consumption. This standard rises
with increasing energy consumption. Since a large
proportion of working time is spent indoors, automatic
control and developing modern control algorithms for
heating, ventilation, and cooling systems are essential. It
has been proven that parameters in enclosed spaces,
such as pressure, temperature, and humidity, strongly
influence human productivity. The aim of an automatic
control system [2] is to achieve the highest possible
system efficiency with the lowest possible energy
consumption. In addition, the aim is to protect the
environment as much as possible, and great importance
is attached to raising citizens' ecological awareness and
promoting the concept of sustainable development.
Also, this type of control aims to control and access all
the devices in the system's field of observation from a
central point. In this type of control, the system is used
as a whole, made up of a series of interconnected
elements that ensure its proper, efficient, and safe
functioning. It also aims to replace humans in process
control, making it more reliable and accurate. Today's
automatic control manufacturers have been keeping up
with the times [3], introducing and applying new
technologies to achieve the best functionality and
efficiency of the system, system quality, and cost price.
Nowadays, electricity is the preferred energy source [4].
The reason for this is that it is a clean source that is
increasingly obtained from renewable energy sources.
This type of system lowers the price of electricity and is
more stable on the market compared to other energy
sources.
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The paper shows the performance of the control
algorithm by using a programmable logic controller
(PLC) and Supervisory Control and Data Acquisition
(SCADA) monitoring system to automatically control
the primary part of the system in steel plants to prepare
and maintain the temperature of the coolant.

2. LITERATURE REVIEW

This section presents some recent work relevant to the
field.

Gora et al. [5] show a control system that has
implemented all control functions for the production
phase and for the regeneration of ion filter sheets. An
analysis of the control devices based on a simple logic
PLC control is presented.

The paper of Bayindir and Cetinceviz [6] describes a
water pumping control system. The system uses prog—
rammable logic controllers (PLC) and industrial wire—
less local area network (IWLAN) technology. The work
aims to propose a suitable solution in process plants
where cabling is impossible.

Morsi and El-Din's [7] paper shows the imple—
mentation and application of PLC and SCADA systems
in a system to control oil refinery processes automa—
tically. This research resulted in no waste of manpower
and material resources and increased the workers' safety
in the system.

Carvajal et al. [8] show the implementation and
application of PLC and SCADA systems in a system to
control oil refinery processes automatically. This re—
sulted in no waste of manpower and material resources
and increased the workers' safety in the system.

The paper of Farval et al. [9] presents an automation
system of protection system components in the power
grid at a laboratory level by using a programmable logic
controller (PLC) in combination with a monitoring,
control, and data acquisition system (SCADA). It enab—
les intelligent decision-making, reading, activation, mo—
nitoring, and maintenance of records on the computer.
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Rashad et al. [10] present the system of a prog—
rammable logic controller (PLC) and human-machine
interface (HMI) in a SCADA system with built-in
machine learning classifiers. The system was designed
to control and monitor a petroleum products terminal
automatically.

Mommeadli and Kabaoglu [11] show the application
of 3 types of PLCs: S7-300, S7-1200, S7-1500, and
Arduino in combination with the MODBUS protocol. In
addition, the SCADA monitoring system was used to
detect errors in the system early and intervene quickly.
The system for the synchronous operation of a spring
bending machine stepper and servo motors was cont—
rolled.

With the aim of controlling the heat transfer, the
model of the self-regulating temperature cascade of the
reactor plant was developed by Shoga et al. [12] in
conjunction with the model of the material and energy
balance of the exothermic stirred reactor. The
MATLAB Simulink program implements the control
system to carry out the plant simulation.

The paper of Osman et al. [13, 14] presents research
work on the development and implementation of a
control system in a smart building. For this purpose, two
approaches were selected and presented together with
the simulation results obtained. The first approach is
theoretical in nature, using the computer program
OMATLAB Simulink. Another experimental approach
is implementing a remote-control system developed
with the ©Siemens TIA Portal software tool. A heating
and domestic hot water system in a detached house with
three residential units was chosen as the case study.

The contribution of this paper is as follows:

e The control system with a PLC controller and
SCADA system has an implemented PID
algorithm. It is controlled with electric actu—
ators on the elements in the field (dampers and
three-way valves). The parameters of the PID
controller are set automatically via a separate
subprogram in the system.

e The control system has the option of switching
the operating modes from the standard cooling

method to the dry cooling method and vice versa.
This can be done manually or automa-tically.

e The system can be controlled with a remote
control and monitored via a computer or
mobile device from another location.

3. DESCRIPTION OF EXISTING COOLING SYSTEM

According to the presented hydraulic scheme, the
cooling system under consideration (Figure 1.) contains
a primary and a secondary cooling circuit so that coo—
ling can take place all year round, even under outdoor
conditions, when the ambient temperature falls below
zero. A mixture of mediums such as ethylene glycol (35
%) and water (65 %) are used in the primary circuit,
which enables the system to operate all year round, as
this medium allows for smooth operation even at low
ambient temperatures Tqpp (down to -21°C). The system
under observation was built in northern Germany. The
system includes a chiller with an air-cooled condenser
from the company "TRANE", type RTAF 125 XE SN,
with a cooling capacity of Qg = 747.98 kW, which
enables a working medium temperature regime of
25/31.3 °C. This allows for a summer operation of exis—
ting dry coolers from the company "GEA", type Har—
teoel Isorapid 22. The primary circuit also contains a
vertical tank for the working medium with a volume of
3 m’, which allows for a chiller to operate with a mini—
mum media flow rate. The primary and secondary cir—
cuits of the cooling system are separated by a plate heat
exchanger, product "Alfa Laval", type T20-PFG, heat
output Q = 700 kW. The secondary circuit uses the
working medium Feroquench WR 10 % and operates in
the required temperature range of 32/30 °C. The
temperature regime on the primary and secondary sides
of the plate heat exchanger is ensured by a three-way
valve with an electric actuator and associated automatic
control elements (temperature and pressure sensors).
The return pipeline of this primary circuit is equipped
with a device for pressurization, expansion, degassing,
and venting of the system in a closed cooling system
product "AIR SEP", type AS-E 100/4 M with a medium
tank.
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LEGEND:
1- AIR COOLED CHILLER "TRANE" TYPE RTAF 125 XE SN
Qcool=747 98 kW (20/31,3°C); Tamb=35°C

Fs

- THREE WAY VALVE WITH ELECTRIC MOTOR DRIVE
“SIEMENS" VXF 42.150-315; k =315; dpw =12 kPa; V=112 m¥h

:‘f“l;l;';mg}m kW “SIEMENS® SKG 60 (AC 24 V. 0-10V)
=112 mih
400 VI3 1150 Hz 5. FLOW TANK OF A MIXTURE OF WATER AND ETHYLENE GLYCOL (BUFFER), "FIREKO"
dim. Ixwxh=5645x2200x2526 mm V=3000it, PN 6
m=3800 kg 6. DOUBLE CIRCULATION PUMP "GRUNDFOS" TYPE TPD 125-130/4 A-F-A-GQQE
2. DRY COOLER "GEA TIP HARTEOEL ISORAPID 221 (kom. 3) v=112m3h
Q=233 33 KW (tw=31,325 °C) H=103mV 5.
V=37,33 m¥h Nel=2x5.5 kW
Lp=T0000 kPa 400 /3150 Hz
3. PLATE HEAT EXCHANGER "ALFA LAVAL" T- DEVICE FOR PRESSURE MAINTAINING, EXPANSION, VENTING AND SUPPLEMENT OF THE SYSTEM "AIR-SEP”
TYFE TZ-PFG WITH MEDIA TANK
Q=T00 KW 7a- DEVICE FOR MAINTAINING PRESSURE AND REFILLING THE SYSTEM "AIR-SEP" TYPE AS-E 100/4 M

PRIMARY: MIXTURE OF WATER AND ETHYLENE GLYCOL (35%), 25313 °C

SECUNDARY: FEROQUENGH (10 %); 32130 °C
V=1201

b - PE MEDIA TANK (MIXTURE OF WATER AND ETHYLENE GLYCOL) WITH LIFT PUMP, V=2001
8 VERTICAL PLASTIC TANK

Figure 1. Hydraulic scheme of the cooling system with the legend

4. DESCRIPTION OF PROPOSED AUTOMATIC
CONTROL SYSTEM

The system is controlled by a programmable logic
controller (PLC) via ethernet communication. The PLC
collects all data from the entire system and, depending
on it, controls the operation of the system and processes.
A provided installation of eight temperature sensors and
two pressure sensors in the system is ensured.
Temperature sensors are placed in important places in
the system, namely the inlet and outlet pipes of the
chiller and at the inlet and outlet pipes of the dry
coolers, for better information and system stability. The
pressure sensors are placed on the cold-water return
pipeline; one is placed in the primary circuit, and the
other is in the secondary circuit of the cooling system.
They are used to know the volume flow in the pipes,
and if the pressure is within acceptable limits, then it
can be concluded that the system works properly. There
was no blockage in the pipes due to dirt or the influence
of external stimuli that would jeopardize the correct
operation of the system.

The control system is carried out in such a way that
the system control mode can be selected on the control
screen, either manually or automatically. The manually
selected mode means that the desired air-cooled chiller
is selected, through which the system's cooling is to be
switched on. In this case, it is either the dry cooler or an

air-cooled chiller that is switched on by clicking the
ON/OFF button on the screen. When the desired device
is switched on, the cooling process begins. If everything
goes well and without errors, the flow pump is also
switched on, which starts automatically when one of the
devices mentioned is in operation. The flow pump has a
differential pressure sensor, which ensures the correct
flow through the system. If automatic control mode is
selected, the ambient temperature detected by the
temperature sensor is considered. If the ambient
temperature is higher than zero, the system operates in
summer mode, and the air-cooled chiller is switched on.
If the temperature is below zero or falls below zero
while cooling and the air-cooled chiller is switched on,
the chiller is switched off, and the dry cooler is switched
on. During this period of switching the other cooling
unit off and on, the supply pump is switched off to
prevent excessive pressure and possible damage caused
by this pressure. When the second cooling device starts
cooling, and if everything is in order and there are no
faults in the system, the flow pump resumes its work.

The given table 1 contains a list of PLC signals used
in a specific cooling system. All signals, whether analog
or digital, are fed to the PLC, which operates depending
on these signals according to the written program and
protocols that are programmed and specified in the form
of a ladder diagram [15].
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Figure 2. Scheme of cooling system with sensors and actuators in the field
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An analog signal is a signal whose value constantly
changes over time and is represented as a continuous
signal, and is not a constant voltage signal. Depending
on the conditions on site, the input and output signal can
vary between 4-20 mA or 0-10 VDC. The digital inputs
and outputs are binary inputs or outputs (values 0 or 1)
that are fed to the PLC. The binary inputs are essentially
voltages that vary between 5 V and 230 V, depending
on the type of card used. They are used to check the
status of any device, whether it is switched on or off.
The digital outputs are used to switch field devices on
and off.

Table 1. Number of analog and digital inputs and outputs in
the control system

Analog Analog Digital Digital
inputs outputs inputs outputs
13 1 7 10

An actuator is a system component that is respon—
sible for the movement and control of a mechanism or
system. To do this requires a control signal and a power
source. A sensor is a device that detects and responds to
some type of input from the physical environment.
Table 2 contains a list of the sensors and actuators used
in this work. The left-hand column of the table contains
a brief description of the element itself, while the right-
hand column contains the name of the element
manufacturer and its type.

Table 2. List of sensors and actuators in the control system

External temperature and
relative sensor moisture
Immersion tube
temperature sensor, NTC
10k, 100 mm

Pressure sensor for
liquids, 0...10 bar
Butterfly valve, PN 16,
DN 150 + electro drive,
3-P AC230 V
Three-way valve, kvs =
315 m3/h + electro drive,
AC24V,DCO0..10V
Differential pressure
sensor, 0...5 bar

SIEMENS QFA3160

SIEMENS QAE2130.010

SIEMENS QBE2003-P10

SIEMENS VKF46.150 +
SQL36E65

SIEMENS VXF42.150-315 +
SKC60

SIEMENS QBE61.3-DP5

5. DESCRIPTION OF DEVELOPED CONTROL
ALGORITHM

The PLC product ©OSIEMENS SIMATIC S7-1500 is
programmed via a computer program ©SIEMENS TIA
portal on a personal computer or programming device.
The computer is connected to the PLC via Ethernet or
RS communication. A computer programming program
enables the input and editing of ladder logic [15]. Such
logic in the form of a diagram represents the manner of
electrical operation. In addition, they also represent the
interconnection of external devices so that one device
activates the function of another device according to a
predetermined sequence of events.

The Profinet communication mode [16] was used in
this work; a star-shaped network topology was used. For
the Profinet network type, all IP addresses must be
defined in order to be able to communicate.
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The ©TIA Portal uses the IPv4 Internet protocol
[17], where IP addresses and subnet masks are defined
while the network card enables access to the ©TIA
Portal. In addition, it is necessary to make all other
settings in the ©TIA Portal, whereby the program can
make most of these settings automatically.

The control algorithm contains an implemented PID
algorithm [18] with the possibility of automatically ad—
justing its parameters. For this purpose, the ©TIA Portal
computer program is used, which implements this with
its subroutine. The adjustment is made when the system
is first commissioned and after the overhaul or com—
missioning of the system, following a certain downtime.
The values of the parameters are then set in the PID
algorithm. The electric butterfly valves are opened and
closed via their opening status (0 or 100 % open). It is
also used when gradually opening and closing the
electric three-way valve to maintain the temperature
regime on the primary side of the plate heat exchanger.

Figure 3 shows the digital and analog modules
defined at individual data storage addresses. It can be
seen that the physical addresses of the digital inputs are
from (0...1), i.e., two bytes are used, as the digital input
is a 16-bit. The digital output is a 32-bit and uses 4
bytes from (0...3). As the analog signal is used as a 16-
bit word, i.e., two bytes are used, addresses of (22...37)
bytes are used for the analog input and (24...31) bytes
for the analog output.

The list of selected DDC elements for cooling
operation is shown in Table 3.

Table 3. List of selected DDC elements

DDC regulator (DI, DO, Al, | TRANE UC600 1 piece
AQ)
Additional modules (DI, | TRANE XM70 2 pieces
DO, Al AO)
Additional module (DI) BTR BMT-DIIO0| 1 piece
BACnet MS/TP
Additional module (DO) BTR BMT-DO4 | 1 piece
BACnet MS/TP
iDisplay, Tablet computer | iDisplay Tablet | 1 piece
15.6”
FM 190W 1 20230VAC o o PM 190W 120230
W T Arca 0 1 CPU 1516-3 PNIDP
('] » plc_1profinetinterface_1 0 1% PROFINET interface
] » PROFINETinterface_2 o 1%2 PROFINET interface
| DF interface_1 0 1%3 DF interface
B DI 16x24VDC HF_1 (4] 2 0.1 DI 16x24VDC HF
n DQ 32x24VDCI0.5A5T_1 (4] 3 0.3 DQ 32x24VDCI0.5..
] Al 8MUNIRTDITC ST_1 0 4 22.37 Al B URTDITC ST
v AQ SN ST_1 ] 5 2431  AQ4UNST
0 6
o 7
o B

Figure 3. List of analog and digital modules and their
addresses

5.1 Main program

The main block contains all the function blocks that the
PLC executes continuously, one after another, during
system operation. The main block is a mandatory and
integral part of every PLC program, i.e., if another
block created for the system is not located within this
main block, its commands are not executed. The spe—
cified blocks within the main program are processed one
after another from top to bottom, as are the individual
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command lines within these blocks. When all com—
mands of the last block are executed, the program starts
again by executing the first line in the specified block.

Figure 4 shows six function blocks that are created
so that the standard system can perform its work
correctly. They are designed based on the execution of
individual work functions. There are also two auto—
matically generated blocks (MC-Interpolator and MC-
Servo) that originate from the functions for controlling
the speed of the individual pumps in the system.

~ Block title: “Main Pogram Sweep (Cycle)”
¥  Newwork 1: FCTane

wol
ftrane”

—EnN END

¥  HNetwork 2: FCCEA

e
GEA_"
[— EM ENC

- Network 3: FC analognih inputs

wa
“snalog_input”

>  Network4: FCautomatskog upravijanjs

RS
“upradjanje”
—EN ENG

¥  Network5: FCprotofne pumpe

WH
“protok”
—EN ENO

¥  Network 6: FCleptirastin zaklopki

wcr
Aeptiraste_zaklopke®
—EN ENO

Figure 4. Main (OB1) block
5.2 Dry cooler program
The control program for the dry cooler is shown below
(Figure 5). The program for the air-cooled chiller and

the flow pump was based on the same principle, so this
paper does not show these parts of the program in detail.

*  Network 1: GEANspsjanje

W88
*MC_POWER_DB"
MC_POWER

&Y

EN ENO
WDBY TM21.1
“SpeedAxis_2" Axis Status — status_GEA®
WM21.0 Busy —
"GEA_stert’ — Enable Emor —ifslse

StopMode Errorid

Figure 5. Main (OB1) block

The block in Figure 5 serves to turn on the power
supply to the dry cooler. It contains the memory bit
M21.0, which turns the power on and off depending on
its logic state.

210 = VOL. 52, No 2, 2024

In addition, there is a MOVEJOG DB data block
(Figure 6), whose activation also uses the memory bit
M21.1, which is a status bit from the MC_ POWER data
block and serves as a confirmation bit that the power is
on and that the refrigerator compressor can start to work.

*  Network 2: GEAupravljanje brzinem vrtnje

“0B10
*MC_MOVESOG_
DB*

w211 MC_MOVEIOG

“status_GEA™ |

——— —:n ENO
YURG Invelocity —fal==
*speedfois_2" — s Busy — 5l

w21 2 CommandAbort
. i ed —ifalze

pokreni_GEA’ — JogForward

—ifalse

lse — JogBackward i,

Erorid
PHA28.0
“zadana_brzina_
GEA" — yelocity
Acceleration
Decelemtion
Jerk

Figure 6. Block for controlling the rotation speed of the dry
cooler fan

In addition, there is a block for defining all condi—
tions (Figure 7) so that the dry cooler functions cor—
rectly and safely. The logical values of the memory bits
of individual states of the system define the current
phase in which the system is in but also define the
condition under which the further process runs when a
new change occurs.

= MNetworlc3: Uvijeti 2a polretanje GEA

wWE3
“IEC_Tmer_0_
DE_1"
W94 0 =
wWo0 *rueno_ 213 ToF Wi21.0
“TRANE st automatski” “stan_stop_GEA Time “GEA_STAMT
1} N ] 3 —
s pr £7— TEOms
MIL0
*rucno_ 042 =DBT
automarski® “auto” "IEC_Timer_0
— — CE
TON W22
Time *nokreni GEA"
m { }—
PT E—T

Figure 7. Block of conditions for starting dry cooler

5.3 Butterfly valve program

This program line (Figure 8) shows the conditions
required for the throttle valves to function properly. The
program prompts you to open and close these dampers.
Care should be taken to ensure that the dampers
establish the media flow to the chiller and for them to
work alternately. You can choose between manual and
automatic control modes in the control system.

¥  Network 2: simulacija leptiraste zaklopke 2

WMI40 M52
w213 “rucno_ “Leptirasta_ %WM95.0
"start_stop_GEA" automatski® trane* *Otvori_LZ_GEA™
] | ] ] {
| i/t i/t { —
%M94.0 W95 .1
“rucno_ %4942 “Zatvori LZ_
automatski® “auto” trane”
11 11
| | | | —

Figure 8. Block for butterfly valves
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In addition, this part of the program ensures that the
flaps are closed and opened in good time. Not all
devices in the field can perform a certain function
immediately after the command arrives. Therefore, each
damper requires a certain amount of time to open and
close, which is provided by the TON and TOF timers.

*  Network 3; Usjei za pokretnje protatne pumpe

Figure 9. Block for flow pumps

5.4 Program of analog inputs

In these program lines (Figure 10), the analog input
values read from the pressure and temperature sensors
in the system are scaled. The input value of the analog
signal is displayed as a 16-bit integer value. As this
sixteen-bit value is reserved for a range of -10 V to +10
V, this is also the scaled maximum value of the pressure
and temperature inputs. This is done for a specific
reason, as these values cannot be less than zero in this
system. The output values are displayed in real form so
that they can be displayed on the screen of the SCADA
monitoring system.

v Mewwerk1: snaiogriulszelake

NORM_ X SCALE X
int to Real Real o Real
EN —_—— E—
UMK WADED O D62
“tlek® "t t_ber
T VALUE “d3k — VALUE
& X o—x

~  Network2: naloani uiazsemperaturs

NORM_X SCALE.X
0t 10 Real Real 1o Rel

m —_—
e 00— M wor2
Ut —"temE e Ut — "temp_cslz”
“temp” — VALLE

Figure 10. Block analog inputs

As the processes in the program do not take place
in the real system, it is necessary to simulate external
and internal processes, such as the external temperature,
the temperature of cooling liquids, and the pressures in
the pipes. The simulation was performed with an analog
signal transmitter, and that signal represents the possible
external temperature, which depends on how the system
works.

5.5 Mode selection program

The program (Figure 11) is used to select the cooling
mode when the automatic control mode is selected. It
takes place and is determined according to the value of
the outside temperature. If the outside temperature is
below zero, dry cooling is switched on; if the tempe—
rature is above zero, water cooling is switched on.

FME Transactions

¥  Network1: Ukjjutivanje automatskog nacina upravijanjs

w941 940
“nacin_ “rucno_
uprsvijanjs™ sutomatski”

| } { —

w  Network2: Nacin upravijanja ovisan o vanjskoj temperaturi

HAWE S
“vanjska_ . 942
temperaturs e

—|fnil { }—

Figure 11. Block for selecting the regulation mode

6. DESCRIPTION OF DEVELOPED SCADA SYSTEM

In this work, a PC was chosen as the device through
which the interaction between the device and humans is
realized. It is also used for communication, i.e., for moni—
toring and managing the processes in the system. Screens
are created in the ©OWinCC interface, with which the
operator can control and monitor the devices in the sys—
tem. For this purpose, object templates that support pro—
cess visualization, the creation of plant screens, and the
definition of process values have already been created.

The screen contains static and dynamic elements. Static
elements, such as text or graphic objects, do not change
their status at runtime, while dynamic elements change
their status depending on the process. The current values of
the process are visualized as they follow the memory of the
PLC and the memory of the HMI device in the form of
alphanumeric displays, trends, and bars. In addition, it is
necessary to define and organize the topology of the
devices used in the system. The function keys of the HMI
device can be assigned one or more functions in the
©WinCC program. They are started as soon as the operator
presses the appropriate button on the HMI device. They
can be assigned global or local functions. Global function
keys always trigger the same action, regardless of the
screen currently displayed. Local function keys trigger
different actions depending on the screen currently
displayed on the HMI device. The screen layout depends
on the properties of the HMI device to be configured.

In the ©TIA portal, it is necessary to organize the
topology of the devices used in the system. In Figure 12,
it can be seen that it is also necessary to include the PC
station on which the SCADA system is located as an
additional device in the system and to define it correctly
with an HMI connection with its IP address.

Figure 12. Device topology in ©TIA portal

Figure 13 shows the SCADA system screen for one of
the system's operating modes during dry cooler operation.
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Figure 13. Screen display of SCADA system in the event of dry cooler operation

7. CONCLUSION

This work describes implementing a program for the

automatic control of cooling systems, from conception

to creation and operation display. It has been shown
how an effective and automated system can be imple—
mented using modern technology, which has been deve-
loped over several decades, and modern knowledge.

The implemented control system with SCADA has
several advantages, such as:

e Practicality, as each process runs according to the
desired and pre-planned conditions that meet the
user requirements and are stored in the control
program.

e The entire system and its processes are visible on
the control and monitoring screen, through which
the system communicates with the user. This makes
it easier to detect errors and faults that occur within
the system, as the control unit provides feedback if
there is a fault in the system.

The most important contributions of this paper are as
follows:

e The control system with a PLC controller and
SCADA system has an implemented PID algorithm.

e The control system has the option of switching the
operating modes from the standard cooling method
to the dry cooling method and vice versa.

e The system can be controlled with a remote control
and monitored via a computer or mobile device
from another location.

One of the directions of future research would be to
extend the above algorithm and interface to a more
complex plant installation, such as a cooling station
with water coolers and associated equipment installed in
parallel. In addition, one could try to implement some of
the adaptive control algorithms.
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NOMENCLATURE

Tamb  ambient temperature
Q output heat capacity
Qwol  cooling capacity

Superscripts
amb  ambient
cool  cooling

Abbreviations

HMI  Human — Machine Interface

PC personal computer

PLC  Programmable Logic Controller
SCADA Supervisory control and data acquisition

MPE3EHTALIMJA AJITOPUTMA YIIPABJbAIbA
PACXJAJHUM CUCTEMOM Y MOCJIOBHOJ
3rPAIM

K. Ocman, A. Tomuuh, M. Ilepuh, I. CramenkoBuh

OBaj pan TpencTaBha ANTOPUTaM 32 YIPAaBJbAKE H
mpaheme pacximagHOr cucTeMa KopuimhemeM HWHTep—
¢dejca yoBek-mammHa (XMMU) y mocimoBHO] 3rpamu.
Pauynapcku mporpaM 3a ayTOMaTrCcKO YIPaBJbambe
peann3oBaH je KopHIIhemeM padyHapcKor Hporpama
©CHUEMEHC THUA mnopran. Ha ocHOBy mnpeTxomaHo
KpeupaHe XuapayJiiuke ILIeMe CHUCTeMa KpeupaH je
JISCTBMYACTH AMjarpaM koju je ycknamuired y TIJII-y
ca IIMJbeM JIaJbeT ayTOMAaTCKOT YIIpaBJbamba CHCTEMOM.
Mopen Tora, mmruiementupan je CLIAJIA cucrem 3a
npaheme CBUX THpoleca pa3MaTpPaHOr PaCXJIJHOT
cucreMa. CucreM ympaBjeama je MPOjEeKTOBAaH Kao
CHUCTEM JaJbHUHCKOT YyIpaBjhama ca MoryhHomhy
rmoienraBama 1 npahema cucremMa ca yiajbeHe JIOKaluje
MIPEKO padyHapa Wil MOOHIHOT ypehaja.
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