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Abstract

The present explanatory note consists of: pages 67, figures 22, tables 10,
sources 17.

Object of the bachelor thesis is: Development of the electric drive system in online
laboratory project “OnlineLab”, with remote control.

The aim is: to create the control system using the WebHMI controller for the laboratory
compressor stand.

This paper considers principal duty cycle of a piston compressor, construction and
control methods.

Induction motor (AMP63B4VY2), frequency converter (ATV32HU15M2), pressure
transmitter (OsiSense XML-F) and switching devices was chosen for the compressor
stand. Also, the possibilities of controller WebHMI and its communication parameters
were described.

Dynamics of electric drive is considered.

There is description of harmful and dangerous factors related to the stand operation.
Ways of reduction of the harmful factors were proposed. Illumination calculation was
performed.

Capital and operation expenses were estimated.
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Introduction

The production process of many industries requires the use of compressed air energy.
Thus, product quality and production efficiency to some extent depend on the rational
management of compressed air source drives - compressor machines.

In this thesis, the object of study is the laboratory stand of the compressor station,
located in the training center Schneider Electric (5/34) of the Department of Electric
Drive NTU "Dnieper Polytechnic™. The stand provides an opportunity to simulate the
operation of a compressor unit for both general and special purposes.

On the other hand, one of the outstanding trends in the development of world industry
is the introduction of remote control systems and SCADA systems. In turn, this allows
to increase both the overall level of automation and the stability of information systems
of production, to accelerate the exchange of information between management and
executive mechanisms.

One way to implement remote control and monitoring functions is to use a WebHMI
controller, which provides bidirectional information communication between the user
and the equipment both on the local network and via the Internet.

Thus, in this thesis the integration of the WebHMI controller into the electric drive
system of the laboratory compressor station is considered.
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Section 1 - Terms of Reference

1.1 - Hardware description

Th General diagram of training stand “Virtual lab”, is shown on picture 1.1.1

Control Signal to
the Light Indication

Light Indication

DH-PTZ1C203VE-GN
‘Web-Camera r

Figure 1.1.1 General diagram of the stand
The training stand “Virtual lab” consists of various parts:

1. Pneumatic part.
The air compressor, air tanks, pneumatic tubes, mechanical valves and solenoid
valve

2. Electrical Power part.
Induction motor, VFD, commutating gear

3. Informational and control signal part.
VFD, PLC, WEBHMI, ModBus network, LED-lamps

The air compressor, air tanks, pneumatic tubes, mechanical valves and solenoid valve
belongs to the pneumatic part.
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Compressor

The diaphragm compressor is used when a hermetic compression of the working
environment is required and when the appearing of impurities into the environment is
unacceptable. The fluid does not contact with the piston or piston rings that are
commonly used to create displacement in traditional compressors. They have no
dynamic seals and such construction completely eliminates the possibility of
contamination from hydraulic oil (which is commonly used to seal piston rings in
reciprocating or screw compressors), making this kind of compressor truly hermetic.
Diaphragm compressors can be of horizontal or vertical design and have multiple
compression stages.

High purity diaphragm compression is achieved by isolating the pulsating hydraulic
fluid from the process, it is possible due to metal diaphragms and a series of static seals.
The reciprocating movement of the piston acts on the chamber with high pressure
hydraulic oil, which allows the membranes to compress and pump the working
environment. This type of compressor is a kind of piston type, so its mechanism is the
same as that of plunger and piston pumps.

Diaphragm compressors are good for compressing all gases without leaks or gas
contamination. The advantages of gas processing are ultra-high purity without leaks,
which differs from diaphragm compressors and reciprocating and screw compressors.
Piston and screw machines can leak around the piston rings, resulting in contamination
of the process gas with hydraulic oil.

This type of compressor is good for compressing toxic or potentially volatile gases
such as hydrogen, because it is hermetically sealed to the outside. It results in a very
low leakage rate of around 10-4 mbar / s.

The gas is compressed using vibrating sandwich diaphragms that are driven by
hydraulic pressure from a piston. Diaphragm compressors can operate at speeds
between 250 and 720 rpm depending on size. The gas is fed through the suction valve
and compressed in the gas space, and goes to the outlet valve. It is possible, as in most
compressors, to have several stages of compression and in a membrane compressor the
pressure ratios can be 1:20. This makes it possible to reach an outlet pressure of up to
approx. 3000 bar, with a limitation on the permissible stage outlet temperature.

Compressors of this type are good for all types of laboratory applications, as well as
for training plants and industrial applications where low flow rates are required. These
devices can be used for testing and calibration. Compressors are suitable for suction at
constant or continuously changing pressure, up to the maximum admissible pressure.
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Specifics of Diaphragm Compressor structure.

The Diaphragm compressor refers to the piston compressor by the structure and
working principle.The main structural elements, are working chamber, either the
cylinder, the piston or the diagram, the inhale and exhale valves, which are commonly
placed on the cylinder’'s head.The Diaphragm is used instead of the piston, the
diaphragm is round and flexible, pressed along the perimeter between the cylinder head
and the cylinder block and is driven by a crankshaft mechanism, figure 1.1.2.

Figure 1.1.2 Phases of operating of the compressor
a — inhale, b — exhale

The main advantage of diaphragm compressors is tightness and preservation of the
quality of the working. The disadvantage is the rapid wear and tear of the diaphragm.
Also, compressed air comes in pulses, not in a continuous flow. Thus, diaphragm
compressors can be used in industries where the process involves working with toxic,
inert gases. The mechanism is a single-stage diaphragm compressor with a horizontal
placement of diaphragm blocks, figure. 1.1.3. This design is compact and balancing
inertial forces. The diaphragm compressor is a part of the laboratory compressor
installation, which is located in the lab 5/34 of the electric drive department.

Figure 1.1.3 Placement of diaphragms

Kinematic scheme of mechanism is shown on the figure 1.1.5 Mechanism of
diaphragm compressor is crankshaft mechanism, driven by an electric motor 1.
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Figure 1.1.6 Kinematic scheme of diaphragm compressor

The motor and compressor shafts are connected by a flex coupling 2. Bearings 3,4 are
used to fix the rotation axis of the shaft. There are cranks, on the crankshaft of the
compressor, which drives the connecting rods. The movement of the connecting rods
drives the diaphragm, it acts like a piston 5,6.

Air storage system

There are three receivers, which are connected with pneumatic lines. Using mechanical
valves, which are placed on the input and output of each receiver, we can get various
volume of air storage system. Using solenoid valve, which is placed on the output of
air storage system, we transfer compressed air to the consumer or simply throw the
excess of the air to the atmosphere. Hence, we can get different transient behaviors.

Electric Motor

AVPM63B4Y2, shown on figure 1.1.7 motor was chosen to drive the compressor. This
is small three-phase induction motor with squirrel cage, which is commonly used in
industry and households. Motor is designed to operate in S1 (continuous duty) mode
and fully satisfies our requirements for water and dust protection, it has IP55 protection
degree. This motor has two types of connection star and delta. We will use the delta
connection, because output voltage of our frequency converter is 220 V (such voltage
level corresponds to delta connection of the motor).
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Main Characteristics:

Type AHNP 63 B4
Power, P 0,37 KW
Rated Voltage, U 220 /380 V
rotation frequency, n 1325 rpm
Rated current, | 2.2/11,25 A
efficiency 66,3 %
Power coefficient, cose 0.76
Relation between starting and rated torque, Tst/Tr 2,1

Relation between maximum and rated torque, Tmax/Tr | 2,2

Relaton between starting and rated current Ist/Ir 51

Front bearing 6202 ZZ-C3
Back bearing 6202 ZZ-C3
Mass 6,4 Kr

Communication Module

WebHMI is a SCADA-system with built-in web server that allows you to monitor and
control any automation system on the local network and via the Internet from your
computer and mobile devices. The system is supplied as a stand-alone unit with all
necessary software built in. Integrated development environment allows you to quickly
create the user interface. WebHMI collects, stores and processes the data, you can
export it to third-party software like Excel through the API, display historical graphs
and trends. The system is focused on the rapid creation of projects. Price of the device
allows its usage even in the most budget systems. WebHMI contains all the necessary
tools to address the most common tasks of remote access, data collecting and
visualisation. WEBHMI is shown on figurel.1.8

Figure 1.1.8

ADK.

ETLT14.21719.113.

3mH. | Apk. N? fokym. lMignuc | dara 7 3




Web-camera
IP video camera Dahua DH-PTZ1C203UE-GN, is shown on the figure 1.1.9

Y

Figure 1.1.9

With powerful optical zoom and precise zoom, PTZ provides control and high
appreciation over a small area. The camera is equipped with a sensor with a
resolution of 2MP, and use 1080p / 1.3M / 720p recording - 25fps, 3x optical zoom.
It is possible to emphasize fast and smooth control, high image quality and good
protection, which makes it more suitable for the requirements of modern video
surveillance systems.

Main characteristics:

Matrix 1/2.8" 2Megapixel CMOS

Optical zoom 3X

Processing technology Starlight

Render technology WDR, Day/Night(ICR), 2D/3D DNR
Frames per second 25

Quality 1080p/1.3M/420p

Night vision length 20 m

Power supply DC 12B/ 1.5 A, PoE (802.3af)
Degree of protection IP66

Pressure sensor
The analog pressure sensor XML F010D2115 is shown on figure 1.1.10/.

Sensor has display and buttons on front side of the device, which gives the possibility
to adjust main parameters quickly and easily. Advantages of this sensor are
variability of users adjustments and display, which gives a possibility to monitor the
instantaneous value of pressure.

ADK.

ETLT14.21719.113.

3MH.

Apk. N? fokym. lMignuc | dara 7 4




Main Characteristics

Figure 1.1.10

measuring

Serial number XMLF010D2115
Electrical connection type | 3-wire
Max range of pressure 10 bar

Type of fluid/gas tube
connection

G 1/4 (female), according to ISO 228

Measured value fluid/gas

Air (-15... 80 ° C)

Corrosive fluid (-15... 80 ° C)
Hydraulic oil (-15... 80 ° C)
Water (0... 80 ° C)

Type of output signal

Analog
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Voltage range of output

0...10V

Type of connection

Male connector M12, 4 pins

Critical pressue

60 bar

Rated voltage supply 24B DC 17...33V
Short term overload 40 bar
Current consumption 80 mA
Rated speed 50 Hz
Precision <0,6% from range of measurements
Position in space Any
Operating outside 5. 80° C
temperature
Degree of protection IP67
ADK.
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1.2 - Requirements to the Training Stand

The main aim of the training stand is to give students a possibility to improve their
skills in tunning of the PID controller. So, several features has to be implemented:

Site side:

1. Students should get guaranteed and safe access to the training stand, according
to the schedule or que.

2. Students should get semi-automatic report via email.

3. Training stand has to work with white-listed students only. The list of students
is taken from Office 365 and Moodle learning platform data bases.

Software/Control side:

1. Interactive working space for students (Dashboard), should be implemented.

2. While working in Dashboard, students tunes the PID controller only by editing
P -, I -and D - parameters.

3. No direct editing of VFD or Communication Module is needed, for students.

Hardware side:

1. All electronics and mechanics should be mounted according to the
compatibility rules.

2. Construction should be safe and strong.

3. Internal and external network should be protected from electromagnetic
mashes and hacker attacks.
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Section 2 - Automatic electric drive
2.1- Selection and Description of Variable Speed Drive

All the variety of applications in modern production, construction, and human life of
electric motors is difficult to underestimate. The number of the most common -
asynchronous motor reaches 70-80% of the total number of electric drives in the world.

An asynchronous motor has a various positive aspects - ease of manufacturing, relative
cheapness, high operating parameters, in the absence of the need for speed control -
"direct connection to the means" which, in general, gave such widespread distribution
of these motors.

However, an asynchronous motor, also, has a number of technical limitations - a low
starting torque, significant starting currents (the order of 7In, up to 12In under hard
starting conditions), technical difficulties with adjusting of the rotation speed.

Setting the task of choosing a frequency converter, first of all, you need to determine
the specific task, for which this drive was designed (ventilation, compressor, crane
facilities, mixers, crushers, etc.) Knowing the type of load, you can conditionally define
"light" or "Hard" start for this engine. (conventionally "light" or "normal™ start - start
up to 3 seconds, and current limitation to 200% In, "heavy" and "extra heavy" start -
start from 20 to 40 seconds, and current limitation for the starting time up to 350% of
In) Knowing this parameter, you can determine the need for overcurrent capacity of
the frequency converter, which, as a rule, reaches 150% and is given for 60 seconds
and 3-5 seconds, reaching 200%

It is possible to indirectly determine the rated power of the required frequency
converter (the power of the converter must be equal, and in some cases, a step higher
than the power of the drive itself), based on the power of the electric drive. The main
criteria of choosing a converter, is the current consumed by the motor. According to
international rules, the power indicated on the motor nameplate is the nameplate power
developed by the motor on the shaft, and not the electrical power consumed from the
network.

ADK.

ETLT14.21719.113.

3mH. | Apk. N? fokym. lMignuc | dara

19




It is necessary to pay attention to the efficiency of the motor itself, its cos ¢. The total
consumed power, will always be higher than the shaft power, due to losses, and the
sum of the consumption of active and reactive energy.

Selecting a converter, a case is possible when the selection is possible in terms of
power, but this parameter does not pass through the current, it is allowed to select a
frequency converter one step higher. Choosing a converter several orders of power
higher may give a problem with the case, when the motor will enter the operating mode,
but current protection will not be provided, since for a more powerful converter a low-
current load will not be an indicator of overload, jamming, idling, etc. For motors with
power from 0.18 to 3 KW inclusive, it is possible to choose a single or three-phase
frequency converter for mains supply.

As a conclusion: The size of the VFD should be chosen based on maximum motor
current at peak demand and not chosen based upon motor horsepower.
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ATV32HU15M2 Selection
AC Drive Requirements:

Voltage

Horsepower

Horsepower Full Load Current
Percent Full Load 60 Second Overload
Control Type

Percent Speed Regulation
Enclosure Type

Maximum Enclosure Size
Ambient Temperature

Input Protection

Bypass

DC Link Reactor

AC Line Reactor:

Output Reactor

Inputs: Digital

Inputs: Analog:

Outputs: Digital

Outputs: Analog
Communications Options
Additional Metering Devices
Additional Operators

220V, 3 phase

2 hp

22 A

150%

V/Hz, Vector

600%

Nema 1, Wall Mount, Ventilated
400 x 100 x 300 mm (H x W x D)
5C-35C

None (External Input Circuit Breaker)
None

No

No

No

2,24 V, relay

1, +-10V

1,24V, relay

1, +- 10V

RS485, Modbus

None

Local/Remote Selector, Start/Stop
pushbuttons

According to these requirements, ATV32HU15M2 was selected to supply the
induction motor, because it fully satisfies our needs. ATV32HU15M2 is shown on
figure 2.1.1The Altivar 32 drive includes various motor control profiles for three-
phase asynchronous and synchronous motors. The Altivar 32 drive includes various
motor control profiles for three-phase asynchronous and synchronous motors. Altivar
32 drives incorporate functions suitable for the most common applications, including:

e Material handling (small conveyors, hoists, etc.)
e Packing and packaging machines (small bagging machines, labeling machines)
e Special machines (mixers, kneaders, transfer machines, textile machines, etc.)

e Pumps, compressors, fans b Hoisting

e Wood-working machinery (saws, gummers, planers, etc.)
o Metal processing (bending presses, welding machines, cutting machines, etc.)
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Main Characteristics:

Figure 2.1.1

Range of product Altivar 32

EMC filter Class C2 EMC filter integrated
Network number of phases 1 phase

[Us] rated supply voltage 200...240V - 15..10 %
Supply voltage limits 170...264 V

Supply frequency 50..60Hz -5..5%

Network frequency 47.5...63 Hz

Motor power KW 1.5 kW at 200...240 V

Motor power hp 2 hp at 200...240 V
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2.2 - Development of Control and Communication System

The important problem in the project is, how to make interaction between all control
devices. So, Modbus industrial network technology was chosen as a solution of these
problem. All control devices supports the Modbus RS485 Interface.

What is RS485?

Differential method of signal transfer is the basics of RS-485 interface. Differential
method means, that the voltage level corresponding to logical 1 or 0, is measured
between information lines Data+ and Data-, but not between information line and
ground. The voltage between each of the information lines and ground may be random,
but must stay in the limits between -7...+12 V.

Signals receivers are differential ones, it means that they can operate only with VVoltage
between Data+ and Data- lines. If voltage is more then 200mV (up to +12V), it means
that logical state 1 is reached. If voltage is less then 200mV (up to -7V), it means that
logical state O is reached. The differential voltage at the output of the transmitter, in
accordance with the standard, must be at least 1.5 V, therefore, at a receiver response
threshold of 200 mV, mash signal (including the voltage drop across the ohmic
resistance of the line) can get 1.3 V above the 200 mV level. Such a large safe range is
necessary for operation with long information lines with high ohmic resistance. This
voltage safe range determines the maximum information line length (1200 m) at low
transmission rates (less than 100 kbps).

Due to the symmetry of the information lines relatively to the ground, the mash signals
appears, which are similar in shape and volume. In the differential recievers, the signal
is received by subtracting the potentials between information lines, that’s why mash
signals are zero. In real situation the mash signal is not zero, due to the asymmetry of
loads and length of information lines.

Twisted-pair wires are used to minimize the sensitivity of the transmission line to
electromagnetic mashes. The currents induced in adjacent lines, due to the
phenomenon of electromagnetic induction, according to the "right-hand screw rule",
are directed towards each other and mutually compensate. The degree of compensation
is determined by the quality of manufacturing of the cable and the number of turns per
unit of length.

What is Modbus?

Modbus — communication protocol, based on the master-slave architecture. Such
interfaces, as RS-485, RS-422, RS-232 and Ethernet networks TCP/IP, are used for
date transmission. Modbus RTU massage consists of Slave ID address, function code,
specific data (depends on function code fnd CRC check sum). This protocol obliges
the slave to respond to the master request. Master device can read and write the slave's
registers. Register — certain memory area, from 8-bit to 32-bit length, which are used
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for data temporally storage. Via Modbus network we can get almost all information
about state and functionality of slave devices.

So, WEBHMI is the Master device. VFD ATV32HU15M2, PLC TM238 are slaves.
PLC is used as signalization center of training stand. VFD is the sub-center of the
training stand, because all fast processes are done here such, as:

e PID regulation,
e Monitoring of heat states of motor and drive,
e Monitoring of electrical states of motor and drive

For example, we can't give the status to WEBHMI to be the control device for PID
regulator, because it is not fast enough for processing such complex task. It will get too
many resources, which are limited, for this action and the result will not be so good, as
with VFD PID control. WEBHMI should process other tasks such, as:

e connection to the cloud.

e read/write register.

e store necessary data.

e Duild infographics.

e support the operator's (student’s) dashboard.

e correctly, without large delay and data package loss, follow the command of
operator.

For managing of whole process, WEBHMI needs to know what is going with slave
VFD, so it sends the request to the VFD each time, as it possible.

ADK.

ETLT14.21719.113.

3mH. | Apk. N? fokym. lMignuc | dara




Firstly, we need to add new registers or modify existing registers. So, let’s look at the
figure 2.2.1. There are few parameters that we need, in section General information:

1. Connection — defines which slave device is requested
2. Name — name of given register
3. Address — address of given register

These three parameters are mandatory to fulfill in the General Information section.

3aranbHa iHhopmaLlis 3HaueHHs »KypHan Pecypcn Cranu BukopucTaHHs

3'eqHaHHA ATV320 v

Hazea CMD, Control Word

Anpeca HR8501
IM's ans nporpam

Onnc

Kateropis Be3 kareropii v
Mpioputet 3BUYanHuiA v

O BuMKHyTH

IHTepaBan oNUTYBaHHA IHTepBaﬂ 3d 3aMOBYYBaHHAM 3 HaNaWTyBaHb v

Figure 2.2.1
Section Value is shown on the figure 2.2.2. Here we can adjust such parameters, as:

1. Data type — select the type of the register

2. Data format — select the format of the register

3. Bit mask — selection of bits, which will be requested to operate with. We can
write/read the whole register at once or we can do it bit by bit(write or read only
one or couple bits of register). For example, we can write the number 7 in the
register and we obtain command “Switch On”, as a result of this operation or we
can write bit by bit such sequence: bit0=1, bit1=1, bit2=1. Both of these methods
are correct.

4. Dictionary — list of text strings, which are corresponded to the value of register.
Very useful feature for fast informing of the operator what is going with the
VFD. For example, when we read the register of Drive status, we receive the
number and transform the number to the text via dictionary.

5. Units — units of the displayed value.

6. Scaling functions — scale the values, which doesn’t fit to the range.
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3aranbHa iHdopMaLlia 3HaueHHs >KypHan Pecypcu CraHu BuKopUCTaHHA

Tun gaHux Word v

dbopMaT AaHUX BessHakose, uine b

BiToBa Macka @
6151413121110 9 8 7 6 5 4 3 2 1

IHTepnpeTauis 3HaYeHHa 3HaueHHs AK € b

O Binobpaxartu AK TpHBANICTL Yacy

C/IOBHMK 3HaYeHb 3HayeHHs fIK €, 6e3 CnoBHUKa v
0auHULL BUMIpY

MepeTBOpeHHs 3HayeHHs  3HaueHHs = [HR8501]

MHOMHNK
3cyB

TOYHICTL

Figure 2.2.2

The full list of requested registers is shown on the Picture 2.2.1. But we don’t need to
the whole information about VFD, only necessary. List of active registers that we are
using, and theirs description:

1. LFR, Frequency setpoint —address HR8502, this is read/write register, it means
that we can give command to the VFD to operate with certain speed or read
that speed, in case if we don’t control the speed of the drive directly. The value
of this register is the physical value of speed, in Hz.

2. CMD, Command word — address HR8501, this is read/write register, it is one
of the most important registers. It gives command to the drive and defines its
state. For example, states working sequence: Not Ready to Switch On > Switch
On Disabled > Ready to Switch On > Switched On > Operation Enabled >
Quick Stop Active > Switch On Disabled. m> Switch On Disabled. Different
parameter values defines the command which is given to the VFD.

3. LFRD, Speed setpoint — address HR8602, the same parameter as LFR, but
shows the value in rpm.

4. LCR, Motor current — addres HR304, this is read register. The value of this
register is the physical value of motor current, in A.

5. UOP, Motor voltage — address HR3208, this is read register. The value of this
register is the physical value of motor voltage, in V.

6. AlI2C, Analog input 2 — address HR5243, this is read register. The value of this
register is the physical value of voltage on the input analog terminal, in V.

7. HMIS, Drive state — address HR3240, this is read register. The value of this
register describes the state of drive. For, example if we read the register and
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receive the answer “2”, it means that drive is in the “Ready” state, “4” — “Drive
is running”, “0” — “auto-tuning”, e.t.c.

8. PISP, PID regulator setpoint — address HR8503, this is read/write register.
Using this register, the setpoint, or in other words reference, of PID regulator
can be determined.

9. RPG, PID proportional gain — address HR11941. Using this parameter, the
proportional gains of PID regulator can be changed.

10. RIG, PID integral gain — address HR11942. Using this parameter, the integral
gains of PID regulator can be changed.

11. RIG, PID derivative gain — address HR11943. Using this parameter, the
integral gains of PID regulator can be changed.

v @ ATV320 10 ModBus RTU (#](m)
FrH, Frequency reference before ramp HR3203 — |ZHE\
LFR, Frequency setpoint HR8502 — -] ﬁ\
IL1R, Logic inputs states HR5202 — d @\
NPR, Rated Motor Power HR9613 — [#](=m)
UNS, Nominal Motor Voltage HR9601 C 4 ﬁ‘
ILIR, Logic state of LIL HR5202 — [<)(@)(m)
IL1R, Logic state of LT2 HR5202 - [s)(m)
IL1R, Logic state of LI3 HR5202 — [#](=m)
IL1R, Logic state of LI4 HR5202 = d
IL1R, Logic state of LIS HR5202 —

IL1R, Logic state of LI6 HR5202 —
RFC, Reference 2 switching HR8411 =
CD1, Cmd channel 1 HR8423 =

FR1, Ref.1 channel HR8413 =

CMD, Control Word HR8501 —

CMD, Control Word: bit 0 Switch on/Contactor command. HR8501 CMDO =

CMD, Control Word: bit 1 Disable voltage/Authorization to supply AC power HR8501 CMD1 = |ZHE\
CMD, Control Word: bit 2 Quick stop/Emergency stop HR8501 CMD2 =

CMD, Control Word: bit 3 Enable operation/Run command HR8501 CMD3

CMD, Control Word: bit 7 Fault reset/Fault acknowledgment active on 0 to 1 rising edge HR8501 —

SLL, Modbus fault mgt HR7010 —

RSF, Fault reset HR7124 =

CMD, Control Word: bit 8 Halt Stop according to the [Type of stop] (Stt) parameter without leaving

the Operation enabled state HRE50L -
ETA, status word: = 1: bit 0 "Ready to switch on", awaiting power section line supply HR3201 —
ETA, status word: = 1: bit 1 "Switched on", ready HR3201 =
ETA, status word: = 1: bit 2 "Operation enabled”, running HR3201 —

ETA, status word: = 1: bit 3 Fault detection HR3201

ETA, status word: = 1: bit 4 "Voltage enabled", power section line supply present HR3201 —
ETA, status word: = 0: bit 5 Quick stop/Emergency stop HR3201 —
ETA, status word: = 1: bit 6 "Switched on disabled", power section line supply locked HR3201 =
ETA, status word: = 1: bit 7 "Warning, alarm" HR3201 =
LFRD, Speed setpoint HR8602 —
LCR, Motor Current HR3204 =
UOP, Motor Voltage HR3208 =
AI2C, Analog input 2 physical value HR5243 —
ETA HR3201 ETA —

OROORARAROOODNOODOO0 ©® 00 OO BWOEOOOOOOOOOOOOOO ®BO OB

HMIS, Drive State HR3240 —
PISP, PID regulator setpoint HR8503 —

Picture 2.2.3 list of requesting registers
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Picture 2.2.4 Dashboard
Algorithm of operating:

1. Operator looks to the “Drive Status” bar, if any faults are detected, operator
presses the “Fault Reset” button. This button is connected to the command word
register bit7, “1” is written when button is activated, “0” is written when button
Is deactivated. If no faults are detected, go to the next step.

The drive is in “Shutdown” state.

2. Operator adjusts four parameters: P coefficient, | coefficient, C coefficient and
PID regulator reference, which are connected to the correspondent registers in
the VFD.
The drive is in “Shutdown” state. Changed parameters are saved in the VFD.

3. Operator presses the “Run” button, which is connected to the command word
register and writes the sequence “6” > “7” > “15” to the register, if it pressed.
This action initiates or gives permission to the Drive to operate.
The Drive is in the “Operation Enabled” state. The transient process starts.

4. If operator needs to pause the operation, the “Halt Stop” button has to be pressed,
which is connected to the command word register bit8 ““1” is written when button
is activated, “0” is written when button is deactivated. The drive will stop
rotating, without leaving the “Operation enabled” state, in means that if operator
deactivates this button, drive will continue the operation. If operator needs to
stop the operation, the “Stop” button has to be pressed, which is connected to
the command word register and writes “2” to the register. This action will cause
VFD to leave the “Operation Enable” state and go to the “Shutdown” state.

5. Operator can see the pressure transient process on the diagram and

measurements of current, voltage with indicators.
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6. If operator needs to repeat the experiment, go the first stage.
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2.3 - Electrical connection diagram

The electrical connection diagram is shown on the figure 2.3.1 and 2.3.2

i

Description of elements:
L, N, PE — power input

XT1 — power terminal block
XT2 — low voltage terminal block

XT3 —data terminal block

HL1 — 220V indicator lamp

FUL — lamp's fuse

QF1, QF3 — circuit breakers

N TR .
- 1 I
\ [ -
I I I
“E EEP FFEFFFFED
ATV320 ik ‘ [ emecer
® xew j % % m R R [
;

Figure 2.3.1

QF2 — motor protection circuit breaker
KML1 — contactor
U1 — power supply
U2 - WEBHMI

Al -VFD ATV32HU15M2

A2, A3 —side panels of PLC TM238LFDC24DT
M1 — induction motor

M2 — motor of ventilation
+24V, +24V .1, OV, OV.1 — references
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Figure 2.3.2

Description of elements:

K2, K3, K4, K5 — contacts of corresponded relays
K2, K3, K4, K5 — relays

U2(R1, RC) - relay output contact of WBHMI
U2(R2, RC) — relay output contact of WBHMI
SB1.STOP — normally closed contact button
SB2.START — Normally opened contact button
HL2, HL3, HL4, HL4 — 24 V indicator lamps

V1 - relay of the electromagnetic valve

KM1 - relay of the contactor

KML1 — contact

Al — relay output contact of the VFD ATV32HU15M2
A4 — side panel of the PLC TM238LFDC24DT
+24V, +24V.1, 0V, 0V.1 — references

There are three main types of circuits, on the picture 2.3.1 and picture 2.3.2, Power
supply circuit, logical(relay) circuit and data circuit(network)

Power supply circuit connects motor motor to the mains through VFD, motor
protection circuit breaker, contactor and circuit breaker. Also, it connects the power
supply to the means through the circuit breaker.

Logical(relay) circuit, shown on picture 2.3.2, is fed by power supply. It solves such
tasks, as:

Indication. PLC gives the seignal to the relays K2, K3, K4, K5, then
corresponded contacts closes and let the current flow through indication lamps
HL2, HL3, HL4, HL5.

Start/Stop and protection. Operator presses the SB1, it leads to the flow of
current through the relay KM1, which is connected with contactor KM1 and
gives the power to the VFD. When VFD is switched on and no faults are
detected, the relay contact of VFD ALl closes. So, the connection establishes. U2
is needed for remote start of the system, it repeats the functionality of SB1 start
button.Data circuit (network). Connects the WEBHMI with VFD and PLC
through the XT3 terminal block. Connection is established using RJ45 format.
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Data circuit (network) connects the WEBHMI with VFD and PLC through the XT3
terminal block. Connection is established using RJ45 format.
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2.4 - Calculation and description of motor control system

ATV32HU15M2 supports the Space Vector Control type of motor control. The
sense of SVC is independent control of two components of stator current, which are
oriented by rotor's “d”, “q” axes. “d” component is responsible for magnetic flux
creation, and “q” component for torque creation component. Characteristics Of

induction motor SVC system are close to the characteristics of DC motor with two-
zone system.

Function al diagram of SVC is shown on figure 2.4.1.

ud
., I I
Uq Converter
@7 SC —C‘—P— TqC U, |
> > S |
W,y S dq/ af32 | PWM > I N
ud Us
»O— FC [ TdC |-
i, v
dq/ af af3/ ABC
1 1
a 0 vV la
) Processor
(4]
rm \Pz
U'ﬁ T T Ulu M
an o8

Figure 2.4.1

Vector control requires coordinate conversion. The stator voltage is described in the
a., rotary values - in the axes d, q.

Controllers of flux linkage, speed, current components along the axes d and g are
calculated with symmetrical optimization criterion, according to the transfer
function of the control object (induction motor) on these axes.

ADK.

ETLT14.21719.113.

3mH. | Apk. N? fokym. lMignuc | dara 3 3




PY PT, T
Usy — Up — Uny
ky(Top+1) | e R, (T;p+1) kn
- / - Iy
k‘[ [—
S i
* ky [&—
kopn | [ f K | Li P J_ Li P
knkck\p knTjk\{J knkrkc knkrkc
W, W, W3 Wy ®
k.c l——
Iiv
1 al)
@ PC PT, TII
Ve [T Tkoky(ST,p+1 (Ty pA G |
| Kp(8TpT1)| <« Ry (Tyip+l) Qg 1
8Typ+1 48T,k Kapnp 2Tyukgkep Tyup+l
Figure 2.4.2 Structural diagram of drive with SVC
1
1 +plo| | ¥au
M.
v 3 My
|§“§|—> 3 prka
oI 1
J R, _,é Ip
»
& Pn
(O]
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Section 3 Dynamics research
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Section 3 Dynamics research

3.1 Mathematical model of electric drive and PID controller synthesis

The sketch of compressor and receiver is shown on the figure 3.1.

RECEIVER

INPUT OUTPUT |
AA P1 P2

gl 1

AL

JLA
I P2

Figure 3.1

P1 — outside pressure

P2 — pressure, generated by compressor
P — pressure inside the cylinder

w — crank-shaft angular velocity

F — force on the leg of crank-shaft

R — radius of crank-shaft

D — diameter of the piston/diaphragm
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P-V diagram of real compressor is shown on figure 3.2. A-B inhale period, input
valve is opened, output valve is closed. B-C compression period, input valve is
closed, output valve is closed. C-B transmission period, input valve is closed,
output valve is opened, the air is flow from the compressor to the receiver. D-A
dead space period, input valve is closed, output valve is closed, such effect appears
because not all gases were transmitted from compressor cylinder during C-D
period. So, the input valve is blocked, until the inside pressure P becomes less than
a external one P2.

Figure 3.2

Calculation of

Further calculations are based on ideal gas equation:

PV—mRT
= "«

Knowing V and m, the pressure inside cylinder P can be found:

P=—-—-R-T
VvV M K

The torque on the shaft is assumed to be constant:
T =Repani " F
F = P2 -S
T =Rerank " P2+ S
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T =

<| ¥

SE

'R'TK'Rcrank'S

Considering this calculation and dead space effect, shown on figure 3.2, the model
was created, shown on the figure 3.3.

— e
K |

Pressure feedback

Figure 3.3
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3.2 Control system optimization results

The signals of torque, speed and pressure are shown on figure 3.4.

Task for the pressure regulation is solved, the constant pressure in the tank are
achieved at the 1.2 second. But, the serious oscillations of speed and torque, appears
in the system at 1.1 second and continue to oscillate up to 3.4 second, then signals
stabilized. Pressure feedback signal has good quality of transient. So, further PID
regulator tuning should be provided, for better torque and speed transients.

Signal

Test01
1.4 T
1271 7
1k
08 N T TSRS PRSP PP
06 7
04 F .
0z H 1
i) [ Torque, pu
0 — Speed, pu E
Pressure, pu
_Dz 1 1 1 1 1 1 1
] 1 2 3 4 5 G T )
time, sec
Figure 3.4

The code of supporting files is shown in Jomatox A
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Section 4 Oxopona npami
Beryn

B naniii numiaoMHid poOOTI pO3TISIIAEThCS peaiizallis CUCTEeMH TUCTAHIIIHOTO
KepYBaHHs €JICKTPOIIPUBOIOM 3a JOMIOMOT0I0 iHTerpariiiinoro koutposepa WebHMI.
B sxocTi 00’€kTa KepyBaHHSI BUCTYIA€ JTA0OPATOPHUIN CTEH/I KOMIIPECOPHOI CTaHIIIi
MOPIIHEBOTO THITY, IO 3HAXOIUThCS y HaB4ambHOMY 1ieHTpi Schneider Electric 5/34
Kadeapu enekrponpunojia. JlabopaTopHa cTaHIlisi BAKOPUCTOBYETHCS SIK HABYAIbHUM
JUIS TIATOTOBKM CTYICHTIB Kadeapu enekrpornpuBoaa. CreHa iMmiTye poOOTy
KOMIIPECOPHOI YCTaHOBKH SIK  3arajJbHONPOMMCIOBOrO, TaK 1 CIEHiaTbHOTO
MPU3HAYEHHS.
WebHMI — e koHTpOIIEp, M0 NPAITIoE 3 PSIOM MPOMHCIOBUX MPOTOKOIIIB 3B’ 3Ky,
TOOTO 00’€AHY€E OyIb-AKi 3aco0M aBTOMaTH3allli B €IuHy cuctemy. KepyBaHHs
CHUHTE30BAHOI0 CHCTEMOI0 MOXKE 31MCHIOBATHCS IO JIOKAIbHIM Mepexi abo uepes
IHTEpHET MPaKTUYHO 3 Oyab-sKoro mpuctporo. 3 iHmoro 6oky, WebHMI wmoxnHa
posrsinatu ik SCADA-cucteMy, 60 KOHTpoJep peanizye (yHKIII0 MOHITOPUHTY
poOOTH CUCTEMH B LIIOMY a00 ii OKpEMHUX MapaMeTpiB y peKKUMI PEaIbHOro 4acy.
VY nmonepenHix po3auiax AUILIOMHOI poO0TH OyJI0 MPOBEIECHO aHalli3 pOOOUYOT0 HUKITY
KOMIIpecopa,  3[IACHEHO BUOIp  KOMYTalllHHOI  amaparypd, HaJaroJKeHO
MEPETBOPIOBAY YACTOTH Ta JATYMK 3BOPOTHOTO 3B’s3KYy. Takoxk OyJo MpOBEICHO
y3ro/DKeHHsI KoMyHikaninaux mapamerpie WebHMI i1 gacToTHOrO neperBoproBaua,
CTBOPEHO JIOAMHO-MAIIUHHUHN 1HTepdelic A1 KepyBaHHS peati30BaHOI0 CUCTEMOIO.

B nanomy po3ziii po3riisialoThes MUTaHHS HeOe3NMEeYHUX Ta MIKIJIMBUX YUHHUKIB,
[0 CYINPOBOKYIOTH POOOTY TIPOMHCIIOBOI Ta Ja0OpaTOpPHOI KOMIIPECOPHOT
YCTaHOBKU; MPUBOJATHCA 3acO0M MiHIMI3allll BIUTMBY LIKIAJTUBUX (DAaKTOPIB, 3aX0H 3
MOXKEKHOI MPOQPUIAKTUKA 17T MPOMHCIOBOT Ta J1abOpaTopHOi  YCTaHOBKH.
[IpoBoIUTECS PO3paxyHOK IITYYHOTO OCBITJICHHS ayJuTOpii, B SKIA PO3MILIEHO
KOMIIPECOPHY YCTaHOBKY.
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4.1 AnaJi3 HeOe3NMeYHUX I MKIIIMBUX BUPOOHUYNX YMHHHUKIB TEXHOJOTTYHOTO
npouecy

Kommpecopna ycrtanoBka (KVY) siBisie co00i0 €1eKTpPONPUBOA, L0 CKIAIAETHCA 3
KOMIIpEecopa, MPHUBIIHOTO ABUTYHA, CUCTEMHU KEPYBaHHS Ta 3BOPOTHHUX 3B’S3KiB, IO
MPE/ICTaBIICHI JaTYMKaMU TUCKY, TEMIIEpaTypH TOIIIO.

[Ipuznauenusim KY € BUpOOHUIITBO CTUCIOTO MOBITPS AJIs1 )KUBJICHHS MTHEBMATUYHUX
cucteM. Cdepa 3acTocyBaHHS KOMIIPECOPHUX MAIIIMH OXOIUIIOE TakKi BHPOOHMHUI
rajxysi: MalmHOOYIyBaHHS, MEAUIIMHA, (hapMalleBTHKA, METalypris, HapToXiMivHa,
Xap4yoBa Ta TipHUYA IPOMUCIOBOCTI.

Po6ora KY TicHO moB’s3aHa 13 JABOMa IIKIJJIMBUMH YHHHUKAMH — IIIyMOM Ta
BiOpalli€ro, 1110 3YMOBIIIOIOTHCSI HEBPIBHOBAYKEHICTIO CHJI Ta YJIApPHUMHM IMPOIeCaMH B
MeXaHi3M1 KOMIIpecopa, 110 3A1ICHIOE 3BOPOTHO-TIOCTYHAIbHUHN PyX.

BibOparmis — 1¢ MexaHIYHI KOJIMBaHHS MPYKHUX TUT a00 KOJMBAJIbHI PYXHU
MEXaHIYHUX CHCTeM, IO TMEpPEAaloThcsl dYepe3 MiAJIOTy, E€JIEeMEHTH MallldH Ta
oOJiaTHaHHS TUTY JIIOJIUHMU.

KVY € mxepenom sk 3arajibHOi (T€XHIYHE OOCIYrOBYBaHHS €JIEKTPONPHUBOJIA) Ta
JIOKanbHOI BiOpaii (poOoTa 13 THEBMATUYHUM 1HCTPYMEHTOM).

BruuB BiOpariii Ha T0UHY BiZIOYBAa€ThCS Y IIMPOKOMY CHEKTp1 4acToT. Taxk,
XapaKTEepHUMH PUCAaMU BIUTMBY BiOpaIlii € ypakeHHsI KICTKOBO-CYTJIOOHOT CCTEMH Ta
nentpanbHoi HepBoBOi cuctemu (IIHC). Cuctemaruuna aig BiOpailii MoXe MPU3BECTH
JI0 CTIMKUX MOpYIIEeHb (Pi31010TTYHUX (PYHKIIIH OpraHizMy.

OCHOBHUM JOKyMEHTOM HOpPMYyBaHHs € JlepaBHI CaHITapHI HOPMU BHPOOHHYOI
3araqpHOi Ta JokanbHoi BiOpamii JICH 3.3.6.039-99 [14]. 3rimHo goKyMeHTa
OCHOBHMMHM HOPMOBAaHMMH BEJIMYMHAMU € CEPEAHBOKBAJPATHYHI 3HAYEHHS
BIOpONPUCKOPEHHS Ta BIOPOLIBUIKOCTI 200 X Jorapu@miyHi piBHi.

His BiOpaiii MpUBOAUTH JO 3MIHM CTPYKTYPH KOHCTPYKTMBHHMX MaTepialliB, yMOB
TEPTs, 3HOCY Ha KOHTAKTHHUX TIOBEPXHSX JeTaNICH MaIlTiH, HarpiBaHHS KOHCTPYKIIiii. B
CBOIO Yepry Ii¢ MPU3BOAMWTH 10 3MEHIICHHS TEPMIHY €KCIUTyaTallii yCTaTKyBaHHS,
3pOCTaHHSI MMOBIPHOCTI aBapiMHMUX CHUTYyaIllil Ta BUPOOHMYOTrO TpaBMatuzmy. Kpim
TOT0, KOJTMBAaHHS KOHCTPYKIIiH 9acTO € JOJATKOBUM JDKEPETIOM HEOaKaHOTO IIyMYy.
[IIym — e HeGaXkaHW 1JIs JTFOJUHU 3BYK, SIKUH HAHOCHUTH ITIKOTY i1 37T0POB't0, 3HUKYE
npame3aTHICTh Ta MOXe OOYMOBHTH TpaBMH BHACHIIOK  HECHPUNHATTA
MOTIePEKYBATHHUX CUTHAIB.

Jlist IryMy Ha JIFOJIMHY BUSIBJISIETHCS HABITh 32 HEBEIMKUX PiBHIB 3BYKY (30 ... 70 n1BA)
— mnepeBanTaxkeHdss [[HC, 3HwkeHHS mpare3gaTHOCTI Ta yBard, YMOBUIBHCHHS
peaxiiii. Bee 1e migBuiye pu3MK OTPUMaHHS TPaBM Ha BUPOOHHUIITBI Ta PO3BHUTKY
npodeciitnux 3axBoptoBaHb. Lllym piBHeM monan 70 gBA 3gaTHMII MpuU3BECTH 110
CTIMKHMX NOpYIIeHb (1310J0TTYHUX (PYHKIINA OpTraHiB CIyXY.

OCHOBHUM JIOKYMEHTOM, 110 HopMye 1ityM, € CaHiTapHI HOpMHU BUPOOHUYOTO IITyMY,
ynbTpa3Byky Ta iH(®passyky JACH 3.3.6.037-99 [13]. OcHOBHMMH HOPMOBaHUMH
BEJIMYMHAMU € 3BYKOBHH THCK, IHTCHCUBHICTb 3BYKY Ta 4acTOTA.
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Jlo 1HmmMX HeOE3NeYHNX YNHHUKIB CJI1JI BITHECTH.
e HaamipHuii HarpiB poOOYUX OpPraHiB, IPUBIIHUX JBUTYHIB Ta pOOOYOTO Trasy, 110
B CBOIO YEPTy MOKE MTPU3BECTH JI0 MOPYIIEHHS TEIJIOBOTO PEXUMY HMPUMIIICHHS
a00 TIOXKEXKI;
e Hanmipue nepeBantaxkenHss KY Moxe npu3BecTH 10 MOPYIICHHS ITICHOCTI
BUPOOHUYMX MEXaH13MiB, pECUBEPIB, TPYOONPOBO/IIB 13 MOKIIMBICTIO BUOYXY.

e VY pa3si aBapiifiHOi cUTYyaIlii MOKJIMBI BUKUJIM TOKCUYHHUX ra3iB Ta iX cyMillel B

aTMocdepy.

HaBuanena KY 3nHaxomuthes B ayautopii Schneider Electric 5/34 na xadenpi
eliekTpornpuBoa. lle ycTtaHOBKa HM3BKOTO THUCKY Ta Majoi MPOJYKTUBHOCTI —
MaKCUMaJbHUM THUCK, IO MOXIHWBO CTBOPUTH, CTaHOBUTH 2 aTM, MaKCHMaJbHa
NPOAyKTUBHICTE ckiamgae 30/xB. B mpomeci poboTH KoMmpecop BCMOKTYE
aTMOC(epHe MOBITPs 1 HATHITAE MOTO B CUCTEMY PECHBEPIB.

Jlo HeOe3neuHnX YMHHHUKIB BapTO BITHECTH:

e Huspkuii crynine 3axumieHocTi |P kommnpecopa (BIAKpUTE BUKOHAHHS);
e MOXIMBICTh ypaXEHHS €IEKTPUUYHUM CTPYMOM INPH HEJOTPUMAHHI MPaBUII
TEXHIKHA O€3MEKH;
e [liBHILIEHHS PUITYCTUMOTO PIBHS IIyMy Ta B1Opallii.
BmivB TOKCHMYHMX, JIETKO3aHMHUCTUX Ta3iB Ta iX CyMillell € HEMOXXJIMBUM aJlKe B
npoueci KY npaitoe 13 armocepHuM NoBiTpsiM. PU3MK MIABUIIEHHS TeMIepaTypH
raszy, poOouux opraHiB KOMIpecopa Ta MPUBIJIHOTO JIBUTYHA BUKIIIOUAETHCS Uepe3
HEMO>KJIUBICTh CTBOPEHHS NepeBaHTakeHHd KVY.
4.2 3axoau 1010 YCYHeHHsI He0e3MeYHUX Ta WKiIJIuBUX (PaKkTopiB
Sk Oyno moka3aHO BHIIE, OCHOBHUMHM IIKIyIMBUMH yiHHHKaMu KY € BiOparris Ta
Ty M.
Jlnst 3amo0iranHs MIKIAIMBOT i BiOpallii Ha OpraHi3M MPaIIOIYHNX 3/1HCHIOIOTHCS
1HKEHEPHO-TEXHIUHI1, OpraHi3aliiiHi Ta Npo(UIaKTUYHI MEIUYHI 3aXO0AH.
[HXeHepHO-TeXHIYHI 3aX01 CIPSIMOBaHI1 Ha!
e 3MmeHmIeHHs BiOpalii y Jukeperi i1 BAHUKHEHHS 200 3HIKEHHS BiOpallii Ha IUIIXy
11 pO3MOBCIOJIKEHHS;

e KowmmeHcariis mepekociB Ta Aedopmalliid B mpoliieci eKeruryaTarii;

e 3HIDKEHHS YJapHUX HABAaHTA)KEHb.

Opaum 13 crocoOiB € BiOpomemmdyBanns. Crnocid mependadac BUKOPUCTAHHS Y
KOHCTPYKIIISIX MaTepiaiiB 13 BEJIMKUM BHYTPIIIHIM TEPTSIM, HAHECEHHS [Iapy NPYKHUX
MaTepiaiiB Ha BIOpyrodl TOBepxHI. TOBIMHA TOKPUTTS BiOpoaeMiyrounMu
MaTrepiajlaMi Ma€ TIEPEBUIIYBATH TOBIIMHY BIOPO130IIOI0YMX TOHKOCTIHHUX JeTajei
y 2 — 3 pasu.

KY pekoMeHIyeThbCsl BCTAHOBJIIOBATH HA MACHBHI ()yHAAMEHTH 4d BiOpPOI3010IOUI
OMOpU — cTaJieBi ab0 MHEBMATUYHI MPYXKWHU, TYMOBI TPOKJIAIKA Ta TUTACTMACH.
TakuM 4MHOM, Y KOJIMBAJIbHY CUCTEMY BBOJUTHCS JOAATKOBHMA MPYKHUHN 3B’ A30K, 10
3anobirae mepeaadi BiOpaiii BiJ OJHIET YACTMHU KOHCTPYKIi 10 1HIIOI. Mix
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dbyHIaMeHTaMu Mij yCTaTKyBaHHSM 1 CTiHaMu OyJiBesib MOBUHHA OYTH BiJICTaHb.
BiOpoizomsiis € HaileeKTUBHIIINM 3aX0J0M 3MEHILIEHHS JOKaIbHOI BiOpallii, 110
NepeIaeThCs Ha PYKH BiJl THEBMATHYHOTO IHCTPYMEHTA.
3MeHIleHHS PiBHS 1IyMy, CTBOpioBaHOTO KV, 311 CHIOETBCS IUIIXOM:

e BukopucranHsM 3aco01B 3ByKOBOI 130JISI111i/TIOTJIMHAHHS,

e banancyBaHHS Ta BPIBHOBa)KEHHS YaCTHUH OOJIaHAHHS;

e BukopucTaHHsIM THYYKUX 3’ €HAHb,

e BukopHucTaHHAM 3y04acTUX MEepeaad i3 crerialbHuM npodineM ado iX 3aMiHO0

Ha MaJOLIyMHI Iiepe/ay,

o [lominmeHHsaM 3MalllyBaHHS,

e 3aMIHOIO MIAMINIHUKIB KOYEHHS Ha MIIIIAMHUKNA KOB3aHH.
3acTocyBaHHA 3aco0iB 3BYKOBOi 130Jisilli mependayae CTBOPEHHS CHEllalbHUX
IPUCTPOIB-TIEPEIIKO/]] Y BUTJISAA1 CTIHOK, IEPETOPOAOK, KOXKYXIB, IO MEPEIIKOIKAIOTh
NOIIMPEHHIO IIyMY 3 OJJHOTO IPHUMIIIEHHS B 1HIIE a00 B MeXaX OJHOTO MPUMIILIECHHS.
[TpuHuMn 1ii mojsirae B TomMy, 110 OLIbIlIa YaCTHHA 3BYKOBOI €HEprii BiIOMBAETHCS Bij
NEPEIIKOH, 1 JIUIIE HE3HAUHA 0 OIIMPIOETHCS TPUMIILIEHHSIM.
EdexktuBHUM cnocoboM OOpOoTHOM 13 IIYMOM € KOHIIEHTPOBAaHE pPO3TAIIyBaHHS
KOMIIPECOPHUX MAIIMH 1 [T01aJIbIIIa 3BYKOBA 13011115, 1[0 BAKOHYETHCS 3a JIOIOMOT' OO
€KpaHiB, KOXKYyX1B, IEPETUHOK.
3BYKOI30/II0K0Ul  KOXKYXM  3aKpUBAalOTh HAWOUIbII IIYMHI arperaTtd, BOHH
BUTOTOBIIAIOTBCS 13 CTalll, JIOPAJIOMIHIIO. 3 BHYTPIIIHBOTO OOKY KOXYXH
OOJUITLOBYIOTHCS 3BYKOIIOTJIMHAJILHUMH MaTepiamamu  3aBTOBIIKH 30 — 50 MM.
[Ipuknagamu 3ByKONOTIMHAIBHUX MATEPIajiB € MIIUTHU 13 CKIISIHOTO Ta MIHEPAJIbHOIO
BOJIOKHA, KapTOH, r'yma To1io. [lepeBaroro poro cnocody € CyTTEBE 3HUKEHHS LIyMY.
[H1IMM 32C000M € BCTaHOBJIEHHS 3BYKONOIIMHAIOUUX MEPEIIKO/I, 1110 BUKOHYIOTHCS Y
BUTJISIAL KyO1B, KOHYCIB, epOpoBaHKUX €KpaHiB. MaTepiaiaMu JIJ1s1 iX BUTOTOBJICHHS
€ MIHepaJibHa MIOBCTh, BaTa, IOPOJIOH, CKJIOBATa.
O060B’s13k0BOI0 YacTUHOIO KV € riylHuKu. AKTUBHI MTYIUHUKH (TpyOYacTi, EKpaHHi)
MOTJIMHAIOTh 3BYKOBY €HEPIi0, NaCUBHI (KaMEpHI, pE30HAHCH1) — B1JOMBAaIOTh HA3a]
710 JDKEpela.
JI71st 3MeHIIIeHH HETaTUBHOTO BIUIMBY BiJl BiOpalliil Ta ryMy HeOOXigHe parlioHaIbHe
pPO3TalllyBaHHS yCTAaTKyBaHHS Ta pOOOYOro MICIs, OpraHi3aiis IUCTAHI[IHHOIO
KepyBaHHS BUKOHABUMMH MEXaHI13MaMHU Ta TOTPUMAHHS PEKUMY POOOTH 1 BIITOUYUHKY
MpalliBHUKIB.
SAxio TeXHIYHUMH 3ac00aMHU HE BIA€ThCS 3MEHIIUTH PiBEHb BIOpaIliil Ta 1mymy 1o
HOPMH, HEOOX1/THO 3a0€3IeUnTH MPalliBHUKIB 1HAUBITyaIbHUMHU 3aCO0aMU 3aXHUCTY.
['omoBHuM HemosikoM JlabopatopHoi KY € BigkpuTe BUKOHAHHS KOMIIpEcopa Ta
PO3MIIIIEHHS TPUBITHOTO ABUTYHA Ta KOMITpecopa Ha miaio3i ayauTopii. B mporeci
po0OTH 13 TaOOPATOPHOIO YCTAHOBKOIO 11€ MPU3BOIUTH A0 IMIJIBUILEHHS PIBHS IIyMY B
aynuropii Ta nepeBantaxxenns [{HC y pasi tpuBanoi po6oTi 31 CTEHIOM.
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Jlnst 3MeHIlIeHHS WMOBIPHOCTI OTPUMAHHSI TPaBM PEKOMEHAYETHCS BUKOPUCTAHHS
3BYKOI130JII0I0YOT0 KOXKYXY. Lle 103BONUTE 30€epertu icHyro4y cxXemy MiAKIIOYeHHS
KOMITIPECOPA, 3MEHIIIUTH CTBOPIOBAHUM YCTAHOBKOIO IIIYM Ta BUKIIOYUTH MOKJIUBICTD
OTPUMAaHHsS TpPaBM uepe3 BIJKPUTY KOHCTPYKIiO Kommpecopa. [lns GopoTebu i3
CTBOPIOBAHOIO BIOPAIlI€0 JOIIJILHUM PIICHHSM € BCTAHOBJICHHS MPHUBITHOTO JIBUTYHA
Ta KOMIIpEcopa Ha BIOPOi30JII0I0YYy I'YyMOBY MPOKJIAJIKY.
4.3 IlpoTumnoxkesxkHa de3nexka
MOXXIIMBUMH JIKEpeslaMi BUHUKHEHHS Mokex1 npu podoTi KY e:
e [cKkpu MeXaHIYHOTO MOXOHKEHHS MPU BUHUKHEHH1 OUTTs npuBoay KV
e Enextpuuni po3psand, 10 BUHUKAIOTh MPU HEMNPaBUIBHOMY BHOODI
eJIEKTPOYCTaTKyBaHHI1, He IPUITYCTUMOMY 3HOCI KOMYTAIllifHO1 anapaTypu;
e HemnomipHe HarpiBaHHs MOBEPXOHb MPUBOJHUX JIBUTYHIB, poOounx opraHiB KV,
e HenpaBunbHuii MoHTax Ta ekcruryarauis KY;
o [lopyuieHHst poOOTH cUCTEMH 3MalyBaHHS |
e HanMipHe HarpiBaHHs ra3y npu MeXaHIYHOMY CTHCKaHHI;
e BxeceHHst BIIKPUTOTrO JKEpesa 3amailOBaHHs BHACTIJOK MOPYIICHHS MPaBUII
MOKEKHOT OE3MMEeKH.
[Insxu nomupeHHs MOXKEexKI:
e [lo mapo- ra3onoBiTpsHIA XMapi (4acTo 3 BUOYXOM);
e [lo cnopokHEHUX TEXHOJIOTTYHUX TPYOOIPOBOAAX 1 KOMYHIKAIIISX;
e UYepes TexHONOTT4HI 1 OyA1BETBHI TPOPI3H.
TakuM YMHOM, OCHOBHOIO NPUYMHOK BUHUKHEHHs Moxexi npu podoti KVY e
MepEeBAHTAKEHHS EJICKTPONPUBOJA, HECHPABHICTh KOMYTAIIMHOI Ta 3aro0iXkHO1
amapatypu Ta CyBOpi nopyuieHHs npaBui TexHiku Oesmexu Ta [IpaBuil moskexHOT
Oe3MeKH.
J1o 3ax0/11B MOKEKHOT TPOPIITAKTUKHA BITHOCATD:
e VYcraHOoBKa Ta3oaHaII3aTOpPIB Ta JATYMKIB-CIOBIIIYBadiB IS CHCTEMHU
MMOYKEXKHOI CUTHAJTI3aI];
e VYcraHoBKa 3amo0iHUX KJIAMaHiB 3 BIIBOJIOM B YCMOKTYBAJIbHY MIOPOKHUHY;
e BukopucraHHs CHOpaBHUX JaTYWKIB THCKY Ta TEMIEparypu Tra3zy Ta
yCTaTKyBaHHS;
e CuUCTEMaTUYHMA KOHTPOJb Ta CBO€YAaCHUH PEMOHT BHUPOOHHUYOTO
oOJ1aTHAHHS.
B 3anexnocti Bix noryxHocTi KY Ta Tumy po6o4oro mpuMilieHHSI MOXKYTh OyTH
BUKOPHUCTaHI JaTYMKHU-CIOBIIIYBadl HACTYITHUX THITIB.
TennoBi — e AaTYMKH, OCHOBHHM OPTaHOM SIKMX € TEIUIOBE pejie, Yepe3 1€ BOHU
y’Ke 1HepIiiiHl. BukopucTaHHs 1aTYuKiB IbOTO TUITY € BUMPABIAHUM TUIBKH y pasi
BU/IIJICHHS 3HAYHO1 KUTBKOCTI TETJIa Ha TIOYaTKY TTOKEXKI.
JIuMOBI — 1ie IaTYUKH, 1110 PEaryoTh Ha MOABY AUMY HaBKOJO poOouoi Touku. Taki
OPUCTPOI € EKOHOMIYHO BUTIIHHMH, MPOTE iX BHUKOPUCTAHHA OOMEXYETHCS
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HEOE3MEeKO TOXKeX1 0e3 BHUHUKHEHHS JIUMYy, TaK0X MOKJIMBI TMOMUJIKOBI
CIIpAIFOBaHHS.

['a30B1 — 1€ JaT4MKH, 10 aHATI3YIOTh XIMIUHMM ckjaj moBitps. Ilpu peectparii
BMICTY MPOJAYKTIB TOpPiHHSA B aTMoc(epi MOJAEThCSl CUTHAN CHOBIMICHHA. JlaTuyuku
[OTO THUITY BIAPIZHSIOTHCS MIBUAKOAIEID Ta UYTJIMBICTIO, MPOTE X BUKOPUCTAHHS
MMOBUHHO OyTH €KOHOMIYHO JOIIJILHUM.

JlabopaTtopua KY po3mimieHa B HaBUalnbHIA ayauTopii Kadeapu eIeKTpOIpHBOIa.
OcHoBHY HeOe3IeKy MpeCTaBIse€ MOKIUBICTS BAHUKHEHHS MOXex1 kinacy E (ropinus
SJIEKTPOYCTAaHOBOK, 110 3HAXOIATHCS 1T HAPYTOIO).

MoxuBi NPUYUHU 3aliMaHHS HOCATH CJIEKTPUYHUN XapaKTep — KOPOTKE
3aMHUKaHHS, IEPEBAHTAKEHHSI Ta ICKPIHHS CTPYMOIPUIIMaYiB, HECIIPABHICTh CTapTEPIB
JIOMIHECTICHTHUX CBITHJIBHHKIB.

Crnuparounch Ha TEpeliyeHl MOXIJIMBI TNPUYUHHU, TOXKEXKHA MpodiIakTUKa
nependayvae:

e KOHTpOJIb CIIPaBHOCTI €JIEKTPOOOIIaJHAHHS Ta KOMYTAIlITHOT arnapaTypu;

e 3ale3nedyeHHs ayauTopii HEOOXITHUMH 3ac00aMU MOKEKOTACIHHS;

e BcraHOBIICHHS TaTYHMKIB-CIOBIIYBayviB,

e PamioHanbHe po3MillieHHs 00JIaJHAaHHS Ta MEOIIB JIJIsl IIBUAKOI €BaKyarlii y
pa3i BAHUKHEHHS TTOXKEXKI;

e PerynspHe mpoBeAEHHS IHCTPYKTAXIB 3 TEXHIKM O€3MEKH Ta MOMXKEKHOI
PO ITAKTUKH.

Jlisi HaBYAJIBHOI ayAUTOPii ONTHUMAIBHAM € BHUKOPHUCTAHHS Ta30BHX, JHUMOBHX a00
KOMOIHOBaHUX JaTyukiB. [Ipy BHHHMKHEHHI TMOXEX1 HEO0OXIHE BHUKOPUCTAHHS
BYTJICKHCJIIOTHUX BOTHETACHUKIB.

[Topsimok nik mpu BUHUKHEHHI mmoskexi [10]

e VYV pa3l BUABJICHHS O3HAaK TIOXEXKI (TOPIHHS) KOXHHM TPOMaISTHUH
3000B’s13aHUI: HETalHO MOBIAOMUTH TIpo L€ 3a Tenedorom 101. IIpu ubomy
HEOOX1THO HA3BaTH MICIIE3HAXOKEHHS 00’ €KTa, BKA3aTH KUTBbKICTh TOBEPXIB
OYIMHKY, MICIlc BUHUKHCHHS ITOXEX1, 0OCTAaHOBKY Ha IOXKEXKi, HASBHICTH
JIIOJIeH, a TAKOXX MOBIJOMUTH CBOE MPI3BUIIIE;

e Bxutu (3a MOXJIMBOCTI) 3aXOMIB IOJ0 €BAKyIOBAaHHS JIOJEH, TaciHHS
(Jlokamizaiii) TMOXeXl TEPBUHHUMH 3aco0aMy  TOXKEXKOTaclHHS — Ta
30epe)KCHHS MaTepiaJbHHUX I[IHHOCTEH, SKIIO TI0KeKa BHHHUKIA Ha
H1JIPUEMCTBI, TOBIJOMUTH NIPO HEl KEPIBHUKA YU BIJNOBIJIHY KOMIIETEHTHY
mocasioBy oco0y Ta (a00) 4eproBoro Ha 00’ €KTi;

e VY pa3i HeoOX1JHOCTI BUKJIUKATH 1HII aBapIHHO-PSITYBAJIbHI CITY>KOU.

4.4 Po3paxyHOK HITY4YHOI'0 OCBITJICHHS

VY naHoMy AWTUIOMHOMY MPOEKTI MPOBOAUTHCS MOCHTIKEHHs jabopatopHoi KV,
HTYVY «/lHinpoBchbKa MOMITEXHIKay, iKa 3HaXOUThCs B 1aboparopii Schneider Electric
Ha Kadenapi enextponpuBoja (5/34), 1 ciayrye s HaBYaHHS CTYICHTIB CTEIIaTbHOCTI
141 «EnexTpoeHepreTika, e1eKTPOTEXHIKA Ta €JIEKTPOMEXAHIKAY).
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MeTta po3paxyHKy MOJsiTae y TOMY IIOO BHOpaTH CHCTEMY OCBITJICHHS, JKEpPEJIo
CBITJIa 1 CBITWJIbHUK, BH3HAYUTH KUIBKICTh CBITWIBHUKIB [IJIs1 3a0€3MeUeHHS
HOPMOBAHOI OCBITJICHOCTI 1 pO3TaIlyBaTH iX Ha IJIaHI MPUMIIICHHS.

BXigHuMu qaHUMU CIIYTYIOTh PO3MIPH Ta THIT MPUMIIMIEHHS, XapaKTEPUCTHKA 30POBOi
pOOOTH IS MPOEKTHOTO TEXHOJIOTIYHOTO Mpoliecy. Po3mipu npuMilieHHs 3BeIeHI J10
Tabin. 4.1.

Y naHoMy AWIUIOMHOMY TPOEKTI Oyae TMPOBOJUTHUCH PO3PaXyHOK METOJAOM
KoedilieHTa BUKOPHUCTAHHS.

Tabn.4.1

Po3Mipu npuMitieHHs
apameTp MOBHE 03MIpHU JUHULI BUMIPY

D3HAYCHHS

OB)KHMHA A 12 M
InprHa B 9 M
ncoTa H 3 M
Jo1ma S 108 M2

HeoOxiguuii CBITIOBUHM TOTIK JIaMI Y KOKHOMY CBITHJIBHUKY BU3HAYAETHCS
E-S-k-z (4.1)
O=—— 1€
N-n
E — HopMoBaHa MiHiMaJIbHa OCBITJICHICTb, [JK];
S — ocsiTmoBana mioma, [M2];
k — xoedirmienT 3anacy;
Z — Koe(diIieHT MIHIMaJIBHOI OCBITJICHOCTI;
N — 4ucH0 CBITWIBHUKIB Y IPUMIILIECHHI;
1) — KOe(Il€EHT BUKOPUCTAHHS CBITJIOBOIO MOTOKY.
Benuuuna E npuiiMaetbes BiANOBIIHO 10 “HopM OCBITIIEHOCTI poOOYUX MOBEPXOHB Y
BUPOOHNYUX TpuMimieHHsX”’ (tabdima. 5.1 [11]). Jns HaBuanbHOI ayauTopii oOupaemo
HOopMy V pospsany. [Ipu 3aradpHOMY OCcBiTieHHI mpuitmaemo E = 150 sk.
[Tnoma npumimienHs npuitMaetbess S = 108 M2, 3rigno Tabmn. 4.1.

KoedimienT 3amacy oOuWpaeThCs 3TiTHO THUITY TMPUMIMICHHS Ta CBITUILHUKIB,
CTyNeHsl 3a0pyaHeHHsT aTtMochepd BUPOOHUYMX MPUMIIIECHb [HJIOM, JHMOM,
KinTsBow. BiamoBigHo m0 Tabn. 5.4 [11], nng CycnulbHUX NPUMIIIEHb 3
CBITUJILHUKAMHU 3 Ta30pO3PSAHAMH JlaMIlaMd TpUiiMaeMo Koe(illieHT 3amacy
k =15.

KoeditieHT MiHIMaIbHOT OCBITJICHOCTI Uil JIFOMIHECIIEHTHHUX JIaMI MPUUMAEMO
z=1.1.
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Po3paxyHkoBa BHCOTa MiABICY N CBITHIBHUKIB 3a7a€ThCs, SIK MPABHIIO, PO3MipaMu
npuminieHHs. HaltOoinpin BUTiIHE CITIBBITHONIICHHS BIJICTaHI MK CBITHJIBHUKAMHU [0

PO3PaxyHKOBOI BUCOTH MIJBICY MpUitMaeThes mo Tadum. 5.5 [11].

L
1=t ne (4.2)

L — BiJICTaHb MIXK CBITHJIBHMKAMH 3 KPaIIKOBUMH JIXKepeIaMH CBiTia, [M];

h — po3paxyHkoBa BUCOTa, [M].

VY BigmosigHocti mo JCT [3828-74, nns HaB4YanmbHOI ayauTOpii PEKOMEHIYETHCS
BUKOPUCTAHHS CBITWJIBHUKIB TPSIMOTO CBITy, THIIOBa KpuBa — “‘TJIMOOKa”.
[Tpuitmaemo A = 0.9 3rigHo tabmn. 5.5 [11].

BiacTanp Mixk KpailHIMM CBITUJIBHUKAMHM Ta CTIHOIO BU3HAYA€THCS:

[=03-L (4.3)
P03anYHKOBa BHUCOTAa BUBHAYAETHCA.
h=H-— h3B — hpr[ = (44)

=3—-01-08=21m,Je
H — 3arajpHa BucoTa npumiiieHns, [M]. [TpuiiMaeTbes 3rigHO TAOI.
h., — BUCOTa 3BUCY CBITWJIBHHKIB, [M]. [Tpuiimaemo h,, = 0.2 M.

h,y, — BHCOTa po6o4oi moBepxHi Hax migyororo, [m]. IIpuiimaemo hy,, = 0.8 M.
BiacTanp Mix psiaMu CBITUIILHHKIB:
L, = A-h=09-21=189m (4.5)
KinbKicTh psiiiB CBITHIIBHUKIB:
A 12 (4.6)
N =—=——=6
p L, 1.89
KiJIbKICTh CBITUJIBHUKIB y AL
B—-1 9-0.567 4.7)
N k — = I~
L, 1.265
3arajgbHa KUTBKICTH CBITUIBHUKIB.
N=N, -N,=4-6=24 (4.8)
Inaexc npumineHHs:
A-B 12-9 108 (4.9)

S NTATB 21-(219) 4z~

JInst BU3HaueHHs1 Koe(illieHTa BUKOPUCTAHHS CBITJIOBOTO MOTOKY 7) BU3HAYaeMO 3a
tabsa. 5.6 [11] koedimienTn BigoOpakeHb MOBEPXOHb MPUMIIIEHHS — CTEJNi, CTIH Ta
po00YOi MOBEPXHI.

[puiimaemo p. = 0.7, pe, = 0.5, ppy = 0.1,

Cnuparouuch Ha 1HJEKC MPUMIIICHHS Ta KOS(IIEHTH BIAOUTTS, TPUHMAEMO 3T1IHO
tabs. 5.7 [11] 3nauennst n = 0.7 a7s1 TIOMIHECIICHTHUX CBITHIILHUKIB IPSMOTO CBIT/Ia
Ta “riImbOKo1” KPUBOI CUIJIM CBITIA.

HeoOxiaHuii CBITIOBUI MOTIK JIAMIT Y KOXKHOMY CBITHJIBHUKY

ADK.
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_E-S'k-z 150-108-15-1.1

N-n

24 -

0.7

= 1591 sim

(4.10)

3rigHO BUKOHAHUX PO3paxyHKiB, oOupaemo namnu tumy JIXb30-4, mapamerpu sxux
3BeIEHO 10 Tadi. 4.2.

Taomuis 4.2

[Tapametrpu namn tumy JIXB30-4

anpyra Ha | CBITJIOBHI MOTIK, 1M, TOTIK micias 100 g
Tun namnu | I[lotyxHicts, |Mmi, B TOpiHHS
Br
HOMIHAJIBHUH |MIHIMaJIbHUM [pO3paxyHKO-
BUH
JIXB30-4 30 104 1720 1490 1605
ADK.
ETLI4.2179.713.
3mH. | Apk. N? fokym. lMignuc | dara 4 9




BucHoBku
Y nanoMy po3aull JUIUIOMHOTO MNPOEKTy OyA0 TNPOBENCHO ONUC MIKIJIMBUX Ta
HeOe3neuHnx (HakTopiB, SKI MOXKYTh BUHUKHYTH PO POOOTI 3 KOMIIPECOPHUMHU
YCTaHOBKAaMH B IIJIOMY, @ TAKOX 3 JOCIIKYBaHUM J1a0OPATOPHUM CTEHJIOM.
Byno po3risiHyTo criocoOu MiHIMI3allli BIUTMBY IIKIJIMBUX Ta HeOe3neUHUX (paKkTopiB
OB’ SI3aHMX 13 pOOOTOIO0 KOMITPECOPHOTO O0IaHAHHS.
Po3risitHyTo mpUYMHM BUHUKHEHHS TMOXEX Ta 3aXOAU 3 iX TMONEpPEe/HKeHHS s
KOMIIPECOPHUX YyCTaHOBOK. Jlyii 1abopaTOpHOrO CTEHJa, IO 3HAXOJUThCS B
HaBYAJIbHIA ayJauTOpii, OyJ0 HaBEJACHO MOXKJIMBI MPUYMHU BUHUKHEHHS MOXKEXI Ta
HEOOX1THUHM TOPSIOK A1l y pasi il BAHUKHEHHS.
[TpoBeneHo po3paxyHKH MTYYHOTO OCBITJIICHHS B ayIUTOpIi. 3T1HO PO3paxyHKiB
HEOOX1THUI CBITJIOBUM IMOTIK B KOXXHOMY CBITWJIBHHKY CTaHOBUTH 1591 siM, s
opraHizallii ITYYHOT'O OCBITJECHHS HEOOX1IHE BUKOPUCTAHHS JIIOMIHECIIEHTHUX JIAMIT
tumy JIXb30-4 3araibHO0 KUTBKICTIO 24 IIT.

ADK.
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Section 5 TexHiKo-eKOHOMIYHE
OOIPYHTYBaHHA

3MH.

Apk.

N? fokym.

[Tignnc

Hara

ETLT14.21719.113.

ADK.

a7




Section 5 TexHik0-eKOHOMiYHE 0OIPYHTYBAHHSI

Beryn
B naniii numiaoMHid poOOTI pO3TISIIAEThCS peaiizallis CUCTEeMH TUCTAHIIIHOTO
KepYBaHHs €JICKTPOIIPUBOIOM 3a JOMIOMOT0I0 iHTerpariiiinoro koutposepa WebHMI.
B sikocTi 00’€kTa KepyBaHHSI BUCTYyNA€ 1a00OpaTOPHUIN CTEH]T KOMIIPECOPHOI CTaHIIIi,
0 3HAXOAWThCS y HaBwyampHOMY meHTpi Schneider Electric (5/34) xadenpu
enektporipuBoaa. CreHny  iMiTye  poOOTYy  KOMIIPECOPHOI  YCTAaHOBKU  SIK
3araJbHOIPOMHUCIIOBOTO, TaK 1 CHELiaJbHOTO MpU3HaUeHHs. TakuM 4nHOM, poOoTa 31
CTEHJIOM JIO3BOJISI€E BJOCKOHAJIWUTU TMPAKTUYHI HABUYKK 3 TIOOYJIOBU CHUCTEM
aBTOMATUYHOT'O KEPYBAHHSI €JIEKTPOIPUBOIOM HIMPOKOTO MPOPLIIO.
WebHMI — e koHTpOIIEp, M0 NPAITIoE 3 PSIOM MPOMHCIOBUX MPOTOKOIIIB 3B’ 3Ky,
TOOTO 00’€AHY€E OyIb-AKi 3aco0M aBTOMaTH3allli B €IuHy cuctemy. KepyBaHHs
CHUHTE30BAHOI0 CHCTEMOI0 MOXKE 3/1MCHIOBATHCS MO JIOKaIbHIM Mepexi abo uepes
IHTEpHET MPaKTUYHO 3 Oyab-sKoro mpuctporo. 3 iHmoro 6oky, WebHMI wmoxna
posrsinatu ik SCADA-cucteMy, 60 KOHTpoJep peanizye (yHKIII0 MOHITOPUHTY
poOOTH cHUCTEMH B LIJIOMY a00 1i OKpEMHUX MapaMEeTpPiB y PEXUMI peaJbHOTO 4acy.
OKpiM MOHITOPUHTY, KOHTPOJIEp HAJIa€ MOKJIUBICTh 3aMHUCY CTATUCTUYHOT 1HPOpMaITii
CTOCOBHO CTaHy CUCTEMH B IIIIOMY, OKPEMUX MapaMeTpiB AJIs MOAAIBIIONO aHaJi3y 1
MPEACTABIICHHS Y BUTJISA/II TAOIUIIb T JllarpaMm.
AkrtyanbHicTh BrpoBakeHHs WebHMI miarBepmkyeTbes CBITOBUMH TEHIACHIIISIMH
PO3BUTKY MPOMHUCIOBOCTI — IHTEHCUBHOIO aBTOMATHU3alll€l0 BUPOOHUIITBA Ta
BIPOBAIP)KCHHSM TE€XHOJIOT1H 0€3pOTOBOTO 3B’ SI3KY.
VY monepenHix po3auviax AUILIOMHOI poO0TH OYJI0 MPOBEAEHO aHali3 poOOYOTO ITUKITY
KOMIpecopa, 3AiiicHeHO BuUOIp  KOMYTAI[llHOI  amaparypd, HajJaroJKeHO
NEepPEeTBOPIOBAaY YacCTOTU Ta JATUYMK 3BOPOTHOTO 3B’sA3KYy. Takok OyJjio MpOBEIEHO
y3rOo/DKeHHsI KoMyHikaninaux mapamerpie WebHMI i wactoTHOTrO MeperBoproBaua,
CTBOPEHO JIFOAMHO-MAIIMHHUI 1HTepEecC A1 KEpYBaHHS pPeaji30BaHOI0 CUCTEMOIO.
B po3aim “TexHiko-eKOHOMIYHE OOIPYHTYBaHHSA HEOOXITHO BUKOHATH PO3PAXyHOK
KalmiTAIbHUX Ta €KCILTyaTallliHUX BUTPAT.

ADK.

ETLT14.21719.113.
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5.1 Po3paxyHoK KamiTaJbHUX BUTPAT

KamitanpHi iHBeCTUIli — 1€ KOIITH, MPU3HAYEHI IS CTBOPEHHA 1 MpuAOaHHs
OCHOBHUX (OHAIB 1 HEMareplaJbHUX aKTHBIB, IO MJIATAIOTh aMOPTHU3ALIii.
KamitanpHi 1HBEeCTHIT 3 peanizallii MPOEKTHOTO0 TEXHIYHOTO PIMICHHS BKIIOYAIOTh
BUTpPATU Ha TNpUJI0aHHS, TPAHCHOPTYBaHHS OOJaJHAHHS Ta BUTpATH, MOB’s3aHl 3
MPOBEICHHSIM MOHTaKHO-HAJIArO/IKyBaJIbHUX poOiT [15].

IIpy BU3HAYEHHI BEJMYUHI MPOEKTHUX KAITaIOBKIAAEHb K, MOKHA CKOpUCTATHCS
dbopmyoro:

Knp = K06(211:{:1 Lll) + 3T3C + 3M + 3H + 3np' (51)
ne K.g(XizqL;) — Bapricte mnpuadaHHs eleKTpooOiagHaHHs (IIPOrPaMHOTO
3abe3reueHHs], 3aco0iB aBTOMAaTH3aIlli TOIIO) 3a MPOEKTOM a00 CyMapHa BapTiCTh
KOMILJIEKTYIOUMX €JIEMEHTIB [ - 20 BHJIY, HEOOXITHUX JUIsl peami3auli OpHHUHITOro
TEXHIYHOTO PIIIEHHS;

K — KUIBKICTh HEOOX1IHUX KOMIUIEKTYIOUMX €JIEMEHTIB;
313c — TPAHCIIOPTHO-3aroTiBEIbHI 1 CKIAJChKI BUTPATH;
3 — BUTPATH Ha MOHTaXXH1 poOOTH;

3, — BUTpaTH Ha HAJIaroJKyBajbH1 poOOTH;

3p— IHIII OTHOPA30Bi BKJIAJICHHS TPOLUIOBUX KOIITIB,

Butpatu Ha npupdaHHs TEXHIYHUX 3aC001B Ta KOMIUIEKTYIOYMX BUPOOIB 3BE/ICHI 10
Tabun. 5.1.

ADK.

ETLT14.21719.113.
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Taomurg 5.1
3Be/ICHHS KaMTaJIbHUX BUTPAT

Ha3Ba Ta Hina Bapri
. . Tum,
TEeXHIYHI Onunu . . 3a CTh
Ne Openn, Kinbki Cyma,
XapaKTepucT 15 OIMHH J0CTAa
3/m NMO3HAYeHH . CTh TpH
HKH a BUMIpPY o, BKH,
00J1aTHAHHS TpH 1§0)
1 2 3 4 5 6 7 8
[Ipuctpoi
DH-
1 |Beb-kamepa |PTZ1C203 1T 1 6160 | 6160 12
UE-GN
CISCO
kommyTatop | SF352-
2 MepesKi 08MP-KO- 1T 1 15742 | 15742 12
EU
3 [TeperBoproBa | ATV32HU1 wr 1 10667 | 10667 12
Y YaCTOTH 5M2
TM238LFD
4 |PLC C24DT LT 1 15314 | 15314 12
5 | WEBHMI IT 1 17916 | 17916 12
KommyTarriiin
1 IPUCTPOT
CHT.NB1-
5 APTOMaTHQH 63-2P-B4- wr 1 270 270 9
il BumMukau | 6kA-
(R)Dual-bus
7 |K NC1- 1 743 743 9
OHTAKTOP 0910Z-24V 1T
ABToMmar
NS2-25X-
8 |3axucry 2 5-4A(R) T 1 822 822 9
JIBUTYHA
[Ipomixkne NJDC-
9 perte 17(D)/2Z LT 5 110 550 9
[Hokonb
10 | mpomixuoro |CZTO8A-E T 5 50 250 9
pene
Enexrpoxknan | GEVAX
11 . 1901 1/2 T 1 1100| 1100 9
A NB1-63 2P
12 | ABTOMAT C10 6kA e 1 190 190 6
BB1IHWI
DB
ADK.
ETLI4.21.79.173.
3mH. | Apk. N? fokym. lMignuc | dara 5 4




biok
JKusieHHs
DRL-
13 24VDC 24V120W1 T 1 1584 1584 45
Power supply
AA
[H1e
ND16-
14 | Jlamma 24 V 29D/2 LT 1 40 40 6
ND16-
15 | Jlamma 24 V 29D/2 T 2 40 80 6
ND16-
16 | Jlamma 24 V 29D/2 1T 1 40 40 6
ND16-
17 | Jlamma 220 V 29D/2 T 1 40 40 6
18 | MapxkepoBka 200 0,1 20 6
19 | Kaodeme- 2525 epd | ™ 10 aa| 440 6
KaHaJIu
o0 |!IpoBon 05| 20 71 140 6
MOHTAXHUU
o1 |Hposon 05| 20 71 140 6
MOHTAXHUU
9o |Hlposon 05| 20 71 140 6
MOHTaAXHUU
o3 |!lposon 05| 20 71 140 6
MOHTA>XHUU
24 | HakoHeuHuk 0,5 T 100 0,81 81 5
g5 | KOMMYyHIKAWL |\ \ g /ey M 20 10| 200 5
WHUU Kadelb
OUT-
2p | Kommymikaui | Router, T 2 129| 258 5
Wuaui kabenpr | Camera-
Router
7 I\J(OMiVIyHlKElLIl Scr_melder o 1 640 640 5
niHuit kabenp | tesing cable
K Patron FTP
28 Rg’fgm‘)p RJ 45 T 40 35| 140 5
Cat.5e
29 | Iposon IIBC | 4x2,5 M 50 201 1000 3)
30 |Kuemma 02-1.5wm | wr 30 2| 60 5
HabopHas
ADK.
ETLI4.21.79.173.
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3arnyiika
31 | 6okoBas mon T 10 1 10 5
KJICMMBbI
XoMyT [T 3,6 MM ]
HeisioHoBui | 200 MM
33 | Koema 2,5 M wr | 12 15| 18 5
HaOOpHa cujia
Knema
34 | mabopHa 2,5 MM T 5 1,2 7 5
3eMJIS
Orpannunren
35 | »Ha JJUH T 10 5 50 5
pEUKy
Bcroro: 75017 285

[e mina Ha ycrarkyBaHHs Ha 25 TpaBHs 2021 poky.

32 T 100 0,25 25 3)

[Tponorxenus Tadmuii 5.1
Homep HampoTu oOrpyHTyBaHHS, BIJIOBIJA€ HOMEPY BHpPOOY y NEpIliid YacTHHI
TabIuIll

Ne
3/ OO0rpyHTyBaHHS
1|

1 | https://xn--80adgeboqrpy5j.com.ua/Dahua DH-PTZ1C203UE-GN
https://brain.com.ua/Kommutator setevoy Cisco SF352-08MP-K9-EU-
p609113.html

https://www.se.com/ww/en/product/ ATV32HU15M2/variable-speed-
drive-atv32---1.5-kw---200-v---1-phase---with-heat-sink/

4 | https://www.etm.ru/cat/nn/1883484/

5 | http://webhmi.com.ua/ru/dealers/

https://chint-electric.ru/nizkovoltnye-izdeliya/modulnoe-
oborudovanie/avtomaticheskie-vyklyuchateli/nb1-63/179650
https://chint-electric.ru/nizkovoltnye-izdeliya/kommutacionnoe-
oborudovanie/kontaktory-rele/ncl-ranshe-cjx2/221112
https://chint-electric.ru/nizkovoltnye-izdeliya/kommutacionnoe-
8 | oborudovanie/puskateli/puskatel-dlya-upravleniya-i-zashchity-dvigateley-
ns2/495183
https://chint-electric.ru/nizkovoltnye-izdeliya/modulnoe-

9 | oborudovanie/rele/promezhutochnye-rele/promezhutochnoe-rele-s-
knopkoy-testirovaniya-serii-njdc17/651039

10 | https://chint-electric.ru/download/Low-voltage.pdf

ADK.
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https://видеокамеры.com.ua/Dahua_DH-PTZ1C203UE-GN
https://brain.com.ua/Kommutator_setevoy_Cisco_SF352-08MP-K9-EU-p609113.html
https://brain.com.ua/Kommutator_setevoy_Cisco_SF352-08MP-K9-EU-p609113.html
https://www.se.com/ww/en/product/ATV32HU15M2/variable-speed-drive-atv32---1.5-kw---200-v---1-phase---with-heat-sink/
https://www.se.com/ww/en/product/ATV32HU15M2/variable-speed-drive-atv32---1.5-kw---200-v---1-phase---with-heat-sink/
https://www.etm.ru/cat/nn/1883484/
http://webhmi.com.ua/ru/dealers/
https://chint-electric.ru/nizkovoltnye-izdeliya/modulnoe-oborudovanie/avtomaticheskie-vyklyuchateli/nb1-63/179650
https://chint-electric.ru/nizkovoltnye-izdeliya/modulnoe-oborudovanie/avtomaticheskie-vyklyuchateli/nb1-63/179650
https://chint-electric.ru/nizkovoltnye-izdeliya/kommutacionnoe-oborudovanie/kontaktory-rele/nc1-ranshe-cjx2/221112
https://chint-electric.ru/nizkovoltnye-izdeliya/kommutacionnoe-oborudovanie/kontaktory-rele/nc1-ranshe-cjx2/221112
https://chint-electric.ru/nizkovoltnye-izdeliya/kommutacionnoe-oborudovanie/puskateli/puskatel-dlya-upravleniya-i-zashchity-dvigateley-ns2/495183
https://chint-electric.ru/nizkovoltnye-izdeliya/kommutacionnoe-oborudovanie/puskateli/puskatel-dlya-upravleniya-i-zashchity-dvigateley-ns2/495183
https://chint-electric.ru/nizkovoltnye-izdeliya/kommutacionnoe-oborudovanie/puskateli/puskatel-dlya-upravleniya-i-zashchity-dvigateley-ns2/495183
https://chint-electric.ru/nizkovoltnye-izdeliya/modulnoe-oborudovanie/rele/promezhutochnye-rele/promezhutochnoe-rele-s-knopkoy-testirovaniya-serii-njdc17/651039
https://chint-electric.ru/nizkovoltnye-izdeliya/modulnoe-oborudovanie/rele/promezhutochnye-rele/promezhutochnoe-rele-s-knopkoy-testirovaniya-serii-njdc17/651039
https://chint-electric.ru/nizkovoltnye-izdeliya/modulnoe-oborudovanie/rele/promezhutochnye-rele/promezhutochnoe-rele-s-knopkoy-testirovaniya-serii-njdc17/651039
https://chint-electric.ru/download/Low-voltage.pdf

https://goodmax.com.ua/uk/product/elektromagnitnyj-klapan-gevax-1901-
12-pryamogo-dejstviya-nc-0---6-bar
https://chint.ua/avt-vyklyuchatel-nb1-63-2p-c10-6ka-db?search=NB1-
63%202P%206kA%20&page=2

11

12

https://www.deltapsu.com/en/products/din-rail-power-supply/DRL-
24V120W1AS

13

14 | https://chint.ua/svetovye-indikatory-nd16/indikatory-nd16-22d2-22d4
15 | https://chint.ua/svetovye-indikatory-nd16/indikatory-nd16-22d2-22d4
16 | https://chint.ua/svetovye-indikatory-nd16/indikatory-nd16-22d2-22d4
17 | https://chint.ua/svetovye-indikatory-nd16/indikatory-nd16-22d2-22d4
18 | https://www.volta.com.ua/
https://www.volta.com.ua/catalog/item/kabel kanal perforirovannyy 25k
19 : :
h25 impakt m iek/
https://www.rcscomponents.kiev.ua/product/flry-b0-50-rd-krasnyj-
provod 86450.html
https://www.rcscomponents.kiev.ua/product/flry-b0-50-br-korichnevyj-
provod 108665.html
https://www.rcscomponents.kiev.ua/product/flry-b0-50-bk-chernyj-
provod 86448.html
https://www.rcscomponents.kiev.ua/product/flry-b0-50-gr-zelenyj-
provod 86449.html
https://www.volta.com.ua/catalog/item/npish 0 5 1 5 krasnyy 100sht ie
24 | k/?gclid=CjwKCAjwqliFBhAHEIwWANQg9szmZRZZJReHRILVFS7WyUJ
MOYzTAgoQtErgus4LM21bWutnbt3ILgBoCRM4QAvD BWwWE
o5 https://www.volta.com.ua/catalog/item/itk_kabel svyazi vitaya para u ut
p_kat 5e 4kh2kh24awg_solid pvc 305m seryy iek/
26 | https://rozetka.com.ua/piko 1283126474064/p17196987/
https://www.se.com/ww/en/product/ TCSMCNAM3MO002P/connection-
27 . : :
cable-usb-rj45---for-connection-between-pc-and-drive/
28 | https://rozetka.com.ua/patron _con rj 45 8p8c 40 e/p19682005/
29 | https://www.volta.com.ua/
30 | https://www.volta.com.ua/
31 | https://www.volta.com.ua/
32 | https://www.volta.com.ua/
33 | https://www.volta.com.ua/
34 | https://www.volta.com.ua/
35 | https://www.volta.com.ua/

20

21

22

23

TpaHcmOpTHO-3aTOTIBENBHI 1 CKJIAJChKI BUTPATH 3,,. BU3HAUYAIOTHCS HACTYITHUM
YUHOM.
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https://goodmax.com.ua/uk/product/elektromagnitnyj-klapan-gevax-1901-12-pryamogo-dejstviya-nc-0---6-bar
https://goodmax.com.ua/uk/product/elektromagnitnyj-klapan-gevax-1901-12-pryamogo-dejstviya-nc-0---6-bar
https://chint.ua/avt-vyklyuchatel-nb1-63-2p-c10-6ka-db?search=NB1-63%202P%206kA%20&page=2
https://chint.ua/avt-vyklyuchatel-nb1-63-2p-c10-6ka-db?search=NB1-63%202P%206kA%20&page=2
https://www.deltapsu.com/en/products/din-rail-power-supply/DRL-24V120W1AS
https://www.deltapsu.com/en/products/din-rail-power-supply/DRL-24V120W1AS
https://chint.ua/svetovye-indikatory-nd16/indikatory-nd16-22d2-22d4
https://chint.ua/svetovye-indikatory-nd16/indikatory-nd16-22d2-22d4
https://chint.ua/svetovye-indikatory-nd16/indikatory-nd16-22d2-22d4
https://chint.ua/svetovye-indikatory-nd16/indikatory-nd16-22d2-22d4
https://www.volta.com.ua/
https://www.volta.com.ua/catalog/item/kabel_kanal_perforirovannyy_25kh25_impakt_m_iek/
https://www.volta.com.ua/catalog/item/kabel_kanal_perforirovannyy_25kh25_impakt_m_iek/
https://www.rcscomponents.kiev.ua/product/flry-b0-50-rd-krasnyj-provod_86450.html
https://www.rcscomponents.kiev.ua/product/flry-b0-50-rd-krasnyj-provod_86450.html
https://www.rcscomponents.kiev.ua/product/flry-b0-50-br-korichnevyj-provod_108665.html
https://www.rcscomponents.kiev.ua/product/flry-b0-50-br-korichnevyj-provod_108665.html
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Bapricte TpaHCHOpPTHO-3aroTiBEJIbHUX BUTpAT Ha MpuUIO0aHHS TpPyHnud TOBapiB
“IIpucTpoi” 3a mpeACTaBICHUMHU JaHUMHU Ta Tapudamu ciryxom nepeBesenb «Hoa
[Tomrray (URL: https://novaposhta.ua/ru/basic_tariffs) 3a mocraBKy mOCHIKH Baroio
10 kr ta rabapuramu 120 X 120 X 120 MM Ha Bigctanb 474 kM, mapuipyT KuiB —
JIHITIPO CTaHOBUTb:

31 = 70 rpH
BapTicTh TpaHCIIOPTHO-3ar0TIBEIBHUX BUTPAT Ha MPUI0AHHS IPOMHUCIOBOTO JHKEpea
xusjienns Delta Electronics 3a mpencraBienumu gaHuMu Ta TapudaMu CIyKOH
nepese3eHb «Hosa [Tomrra» (URL: https://novaposhta.ua/ru/basic_tariffs ) 3a moctaBky
nocwiku Baroro 0,5 kr ta rabapuramm 120 X 120 X 120 MM Ha BiacTanb 474 KM,
mapuipyT KuiB — JIHIIpO cTaHOBUTH:

3152 = 45 rpH
BapricTe TpaHCHOPTHO-3aroTiBEIbHUX BUTPAT HA NpUAOAHHS NPUAOAHHS TPYyNHH
tToBapiB “Komyrarlliiini mpuctpoi” 3a MpeACTaBICHUMH JaHUMH Ta Tapudamu ciyk0u
nepeBe3eHb «Hosa [Tormrra» (URL: https://novaposhta.ua/ru/basic_tariffs ) 3a mocraBky
MOCWJIKK Baroro 5 Kr, Ta radapuramu 120 X 120 X 120 MM Ha BiacTadb 474 KM,
MapuipyT KuiB — JIHINIpO CTaHOBUTH:

333 = 60 rpH
BapricTe TpaHCHOPTHO-3aroTiBEIbHUX BUTPAT HA NpUAOAHHS NPUAOAHHS TPYyNHH
ToBapiB “IHIIE” 3a MpeCTaBICHUMH JaHUMU Ta Tapudamu ciry>k0u rnepese3eHb «Hosa
[Tomrray (URL: https://novaposhta.ua/ru/basic_tariffs ) 3a mocTaBKy MOCHIKH Baroro
30 kr, Ta rabaputamu 120 X 120 X 120 MM Ha Biactanb 474 kM, MapuipyT KuiB —
JIHITIPO CTaHOBUTb:

334 = 110 rpH

CyMapHi TpaHCTIOPTHO-3arOTiBEbHI 1 CKJIAJICbKI BUTPATH 3.;. 3 BpaxyBaHHSIM Macu
o0JiaJHaHHS Ta MOoro rabapuTHUMU PO3MIpaMU BU3HAYAOTHCS 3a (POPMYIIOHO:

3rac = 3131 + 3032 ¥ 3033 + 3034 =70+ 45+ 60+ 110 = 285 rpH (5.2)
TemMoro 1aHOi AUTIOMHOT pOOOTH € BIOCKOHAJICHHS ICHYIOYOTO CTEHa KOMIIPECOPHOT
yctaHoBku. KamitanpHi BUTpatu Ha TpuaOaHHS oOOJagHAHHS KOMIIPECOPHOI
YCTaHOBKH 3BeZEH] 10 Tabu. 5.2.
Butpatu Ha MOHTa)xkH1 poO0TH 3,, MO’KHA BU3HAYUTH HACTYITHUM YUHOM:

B3y = 2Hi-ai-t)- K;L "Kew - Kr[p' (5.3)
ne Y; = 2 — yucenbHicTh npatiBHUKIB |1 po3psny, HE0OXiTHUX 1711 BUKOHAHHS
MIEBHOTO 00CSITY MOHTKHUX POOIT, YOIL.;

a; = 44,64 — ronunHa TapudHa ctaBka enekrpomontepa Il po3psay, rpu.;

t; = 8 — yac, HeoOX1THUH 1JII BUKOHAHHS TIEBHOTO 00CSTY MOHTaXXHUX

po0iT, rox.;

K, = 1,1 — xoediuienT, 110 BpaxoBye po3Mip AOILIAT;

Ko = 1,22 — xoeditienT, mo BpaxoBy€e €IUHUHN COIIAIbHAN BHECOK;

K;p = 1,05 — koediuienr, o BpaxoBye iHIII BUTPATH Ha 311HCHEHHSA MOHTAKHHUX
pOOIT.
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Butpatu Ha MOHTa)XH1 pOOOTH CTAHOBJISITH!

3M= Z(qi'ai'ti)'Kg'KCM'K
=(2-44,64-8)-1,1-1,22-1,05 = 1006 rpH

Hp:

(5.4)

Tabmurs 5.2
KamitanpHi BUTpaTH Ha puaAOaHHs 00IaJHAHHS KOMIIPECOPHOI YCTAaHOBKH
HaiimenyBaHHs .
. . Ilina 3a
Ne TeXHIYHHUX 3aC00iB . . Cyma,
Kinbkicts OJMHMUIIIO,
3/m (KOMILTEKTYHOUYMX IpH
. rpH
BHPOOIB)
ABTOMAaTUYHUN BUMHUKAY
1 ETI 002163514 1 270 270
Tpudazuuii
ACUHXPOHHUH JIBUTYH 3
2 | KOPOTKO3aMKHEHUM 1 1320 | 1320
poTopoM cepii
AUP63B4Y2
Hatunk Tcky Osi Sense
3 XMLF010D2115 1 7753 | 7753
g | Kommpecop 1 990 | 990
MeMOpaHHUM
BCBOI'O 10333
Ne
3/ OO0rpyHTYBaHHA
1 https://axiomplus.com.ua/avtomaticheskie-
vyklyuchateli/product-96677/
https://detzdnipro.all.biz/elektrodvigatel-air-63-v4-0-37-
2 kvt1500-obmin-g11330464?gclid=EAlalQobChMlI-
p6pxXuPY60IV]ZIY ChOXawb6cEAYYCSABEQJ-8vD BWE
3 https://www.se.com/ua/ru/product/ XMLF010D2115
4 https://sunsun.ua/p/429-sunsun-dy-30 30 | m.html

[e mina Ha ycrarkyBaHHs Ha 25 TpaBHs 2021 poky.

Butpartu Ha HanaroaxyBajibHI poOOTH 3, MOKHA BU3HAYUTH HACTYITHUM YHHOM:

3y = X(Uirai-t;) K; Ky K

np’

(5.5)

ne Y; = 2 — yucenpHICTh MpaIiBHUKIB V po3psiay, HEOOX1AHUX JIsl BUKOHAHHS
MEBHOT0 00CSTY HANAroKyBaJbHUX POOIT, YOIIL.;

a; = 50,52 — rojuHHa TapudHa CTaBKa eJeKTPOMOHTepa V po3psy, IPH.;
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t; =24 — w4yac, HCOOXIAHMHM 11 BUKOHAHHS IIEBHOTO OOCSITY MOHTaKHUX
pooiT, ro.;

K, = 1,1 — koedinienT, m1o BpaxoBye po3Mip AOILIAT;

K. = 1,22 — koedili€eHT, 1110 BpaxOBY€E €IMHHUI COIllaTbHUN BHECOK;

Kyp = 1,05 — koediuienr, mo BpaxoBye iHIII BUTPATH Ha 3AIHCHEHHS MOHTAKHUX
pOOIT.

Butpatu Ha HanaroxyBajgbHi pOOOTH CTAHOBIISTH!

3y = Z(qi G ti) ) K,q Koy KHp = (56)

=(2-50,52-24)-1,1-1,22-1,05 = 3417 rpH
[HII OHOPA30Bi BKJIAJIEHHA TPOIIOBMX KOIITIB 3y, BIICYTHI, TOMy HE OyayTh
BPaxXOBYBATHCh Y PO3PAXYHKY.
3up = 0 TpH
Po3paxyHOK MPOEKTHUX KalliTaJOBKIAACHb:
Knp = K06(2?=1 ]—ll) + 3T3C + 3M + 31—1 + 3np = (57)
=75017+ 10333+ 285+ 1006+ 3417 =90 085 rpH

5.2 Po3paxyHOK eKcIIyaTaliifHUX BUTPAT

Excrmyarariiini  BUTpaTd — 1€ TIOTOYHI BUTPATH Ha EKCIUIyarTaiil Ta
oOciyroByBaHHs 00'€KTa TPOEKTYBaHHS 3a MEBHUM mepion (pik), BUpaXKeHI B
IPOIIOBIH GopMi.

BinnoBigHO 10 TeMM JaHOi JUIUIOMHOI poOOTHM Oy/e BHKOHAHO PO3PaxXyHOK
aMOpTHU3AI[INHUX BIAPaxyBaHb Ta BUTPAT HA TEXHIYHE OOCITYrOBYBaHHS 1 PEMOHT.
Takum yuHOM, pI1YHI €KCIUTyaTaI[iliHl BUTPATH CKJIaIat0Th:

C =A0+C, (5.8)

5.3 Po3paxyHok aMopTH3aliliHUX BiipaxyBaHb

AmopTH3alist 00'eKTa OCHOBHHUX 3aC001B HAPAXOBYETHCA BUXOASUU 3 TEPMIHY

HOro KOpHCHOro BUKOpHCTaHHSA. CTpPOK KOPHCHOTO BUKOPUCTaHHS (EKCILTyaTtarii)
00’€KTIB OCHOBHHUX 3aC001B BU3HAYAETHCA MIAMNPUEMCTBOM CAMOCTIHHO BUXOMSYM 3
OUIKYBaHMX €KOHOMIYHHMX BHUTOIM, TEXHIYHHX 1 SIKICHUX XapaKTEPUCTUK OCHOBHOI'O
3ac00y, MOPAJIBHOTO 1 (DI3UYHOTO 3HOCY, a TAKOX IHIIUX (PAKTOPIB, SAKI MOXYThb
BIUTMHYTH Ha MOXJIUBICTh BUKOPHUCTAHHS. TepMiH KOPUCHOTO BUKOPUCTAHHS TTIOBHHEH
OyTH HE MEHIIUN MIHIMAJIBHO JOIMYyCTUMOTO TEPMIHY KOPUCHOTO BUKOPUCTaHHS. Y
Taby. 5.2 HaBeACHO MIHIMAJIBHO JOMYCTHMI TEPMIHH KOPHUCHOTO BUKOPUCTAHHS IS
OKpPEMUX TpyIl OCHOBHHUX 3aCO0IB.

Tabmuis 5.2

MiHIMalIbHO JOMYCTHMI TEPMIHM KOPUCHOTO BUKOPHUCTAHHS 33 OKPEMHUMH IpyIlaMu
OCHOBHUX 3ac001B
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['pyna OcHOBHI 3aco0H TepMmin kopucHOTO
BUKOPHCTAHHS, POKiB
bynismi 20
3
Cnopyau 15
[TepenaBanbHi TPUCTPOL 10
Marmunu 1 o01aiHaHHS 5
EOM, mamman ajs

aBTOMAaTHYHOI 0OPOOKH

4 iH(pOopMallii, TOB’s13aHi 3
HUMU 3aCO0U 3UYNTYBaHHS 2

abo npyky iHpopmarii,

KOMIT'FOTEPHI MPOTrpaMu,

1H(dOopMaIiiiHi cucTeMu

TOIIIO.
5 TpancnopTHi 3acobu 5
6 [HCTpyMeEHTH, puiIay, 4
1HBEeHTap (MebJl)

BignoBimno no Tabn. 5.2 mpuadaHe ycCTaTKyBaHHS BIAHOCHTBCA 10 Tpynu 4,
MIHIMQJIBHUIA TOMTYCTUMHI TE€PMIH BUKOPUCTAHHS CTAHOBUTD 2 POKH.

[TogatkoBUM KOJEKCOM YKpaiHU JJO3BOJICHO BHKOPHUCTOBYBATH TMPSIMOJIHIAHUN
(mpomopiiiHAii) METOA aMopTh3allii, Npu SKOMY pidyHA CcyMa aMopTH3allii
BU3HAYAETHCS JUICHHSAM BapTOCTI, SKa aMOPTHU3Y€ETHCS, HA CTPOK KOPHUCHOIO
BUKOPUCTAaHHA 00'€ekTa OCHOBHUX 3aco0iB. BapricTio OCHOBHUX 3aco0iB 1
HeMaTreplalbHUX aKTUBIB, 110 AMOPTU3YETHCS, € MepBiCHA ad0 MepeoliHeHa BapTICTh
OCHOBHMX 3ac00iB 1 HeMaTepilaJIbHUX aKTHBIB 3a BUPaxXyBaHHSM iX JIKBIJALIMHOI
BapTOCTI:

b, = ¢, —1JI, (5.9)
ne @, — nepBicHa BapTiCTh 00’ €KTa OCHOBHHX 3ac001B; JI — po3paxyHkoBa
JiKBiJaliifHA BapTICTh OCHOBHMX 3aC00iB.

VY Bunanky npuadaHoro o0JagHaHHs JIKBIAALINHY BapTIiCTh npuitMaemo sk 10 %
MIEPBICHOT BapTOCTI :

NA=®,-0,1=(75017+10333)-0,1 =8553rpH (5.10)
Toni BapTiCTh OCHOBHUX 3aC00iB, 1[0 aMOPTU3YEThCS P, TOPIBHIOE!
®, = &, —JI =85530—-8553 =76797 rpH (5.11)

AMOpTH3alLiliHI BiApaxyBaHHS 3HAXOASITHCS 3a MPSAMOIIIHITHUM METOJIOM 32
HACTYTHOI (JOPMYJIOLO:
AO= @, /T,, (5.10)
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ne T, — TepMiH KOPUCHOTO BUKOPUCTAHHS (aMOPTHU3AI[IHHUN TTepiof);
Piunwmii hona amopTH3alitHUX BiJpaxyBaHb CTAHOBUT.

A0 =22 =777 — 38399 rpy (5.11)

Ty

5.4 BuzHavyeHHsl PiYHUX BUTPAT HA TeXHIYHe 00CIyTOBYBAHHS | NOTOYHUH
PEMOHT
PiynHi BuTpaTy Ha TeXHIYHE OOCIYrOBYBaHHS 1 MOTOYHUN PEMOHT €IEKTPOTEXHIYHOTO
oOJlaHaHHS BKJIIOYAIOTh BUTPATH HA MaTepiayiM, 3alacHl YaCTUHHM, 3apOO0ITHY IIaTy
00CIIyrOoByI0OUOMY TMIEpCOHATy Ha OHOBJICHHSI BepCli MPOrpaMHOro 3a0e3MeUeHHS.
AHanoriune o6JaJHaHHA TOTpeOy€e BUTPAT HA TEXHIUHE 00CITYrOBYBAaHHS 1 MOTOYHHIA
peMoHT B 00cs31 500 rpH Ha piK:

C. =500 rpH
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BucHoBku

B nmanomy pozaim Oyna MpoBEIEHO PO3PaxXyHOK KamiTaJbHUX Ta €KCILTyaTallliHUX
BUTpAT.

Jnis  peamizamii JaHOTO JWUIJIOMHOTO TIPOEKTY TPOEKTHI KamiTaJOBKIIAJICHHS
ctanoBJsATh 90 085 rpuBens, piuHi ekciutyartamiiiai Butpatu — 38 899 rpuBeHsb.
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Conclusions

The purpose of this thesis was to create compressor station training stand with remote
control and monitoring.

To achieve this goal, the design, operating thermodynamic cycle of the diaphragm
compressor, which is the main component of the compressor unit, was analyzed. Based
on the kinematic, pneumatic schemes of the installation and needs of students, the
requirements for the power drive system were formed. Based on the requirements, the
components of the complete electric drive were selected - the drive motor, the
frequency converter, the pressure feedback sensor, the switching gear, WebHMI, PLC.

After selecting the components of the electric drive, the WebHMI controller, its
technical capabilities and methods of communication with the frequency converter
were considered. Remote control and monitoring is implemented by creating a web
interface in the form of a dashboard.

The study of the dynamics of the electric drive was carried out using the Matlab
Simulink model. The obtained transients indicate the efficiency of the system and
satisfies the requirements for the electric drive.

In the section devoted to labor protection, the harmful and dangerous factors
accompanying the operation of the compressor unit for both industrial and laboratory
purposes and their possible consequences were considered; measures to eliminate
harmful factors were proposed for both cases. Fire prevention measures for compressor
units are described. Artificial lighting was calculated for the classroom where the
laboratory stand is located.

In the next section, the total investment required to create a training stand was
performed. The expected operating costs were also calculated.

Based on the complete work, we can conclude that the most effective way to control
the compressor unit is to use an adjustable electric drive. The introduction of remote
control and monitoring functions provides further automation of production and meets
global trends in industrial development, which confirms the relevance of the use of
remote control and monitoring technologies.
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CnMcoK BUKOPUCTAHMX JIKepeJ
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Homatok A
Supporting files for section 3 dynamics research

1. Matlab code file for graphics plotting
% Test graph
%The script builts two graphs in one figure and exports one png

%% Name control
%The cell sets names used for exported files and legends within the graphs

TestName="Test01';  %This name will be used for naming exported plots

%Names shown in the legends of the output figures
Legend_gl='Torque, pu’

Legend_g2='Speed, pu’;

Legend _g3='Pressure, pu’;

%% Input arrays
%The cell specifies the names of the variables to be plotted
%Comment or uncomment whether

Y 1=simout(:,1); %Uncomment to
Y 2=simout(:,2);
Y 3=simout(:,3);

% step=0.01,;

% T=2*pi;

% N=round(T/step);

% time=linspace(0,2*pi,N);
% Y 1=sin(time*2*pi/T);

% Y2=cos(time*2*pi/T),

%% Figure 1 properties

%Creating the figure window positioned at specified location and having
%specified size

scrsz = get(groot,'ScreenSize");

%The ScreenSize property value is a four-element vector: [left bottom width height]
(in pixels)

Fig_width=scrsz(3)/2; %Figure width relative to the screen width
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Fig_height=scrsz(4)/2; %Figure height relative to the screen height

FigureName='Input var";
figure('Name',FigureName,'Position’,[scrsz(3)/24 scrsz(4)/3 Fig_width Fig_height]);
%Position: 1-Left position 2-bottom position (relative to height) 3-width 4-height

%% Plotting input vars

plot(time,Y1,'LineWidth',2,'Color','b','LineStyle',".");
%plot(time,Y1,'LineWidth',2,'Color','b",'LineStyle','--")

hold on;
plot(time,Y2,'Color','r','LineWidth',2);

plot(time,Y3,'Color','g','LineWidth',2);

% Xmin=0; Xmax=max(time);

% Ymin=0; Ymax=max(Y1)*1.25;

% axis([Xmin Xmax Ymin Ymax]);

axis auto;

title(TestName);

legend(Legend _g1,Legend g2,Legend_g3,'Location’,'southeast’);
grid on;

xlabel(‘time, sec’);

ylabel('Signal’);

Filename=strcat(FolderGraph,TestName," XY");
print(-dpng','-r0',Filename);

%% Figure 2

% FigureName="Output var";

% figure('Name',FigureName,'Position’,[scrsz(3)/2 scrsz(4)/3 Fig_width Fig_height]);
% %Position: 1-Left position 2-bottom position (relative to height) 3-width 4-height
%

% plot(time,Y2,'b");

%

% Xmin=0; Xmax=max(time);

% Ymin=0; Ymax=max(Y?2)*1.25;

% axis([Xmin Xmax Ymin Ymax]);

% grid on;

% xlabel(‘time. sec');
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% ylabel('Signal");

% legend(Legend_g2);

%

% Filename=strcat(TestName," Y");
% print('-dpng',’-r0',Filename);

2. Matlab code file with parameters of electric motor
%Electric motor

P_motor_rated=370;
n0_motor=1500;
n_motor_rated=1325;
cos_phi=0.76;
J_motor=0.0008;

%

w_motor_rated=pi*n_motor _rated/30;
M_motor_rated=P_motor_rated/w_motor rated;
M_motor_max=2.2*M_motor_rated,;

J_total=J_motor*1.2;

Tem=0.5; %Electromagnetic time constant, sec

3. Matlab code file with parameters of control system
%Parameters of the control system

%Pressure reference

t_simtime=8; %Time for simulation
t_cycle=t_simtime-t_acc; %Active time

t acc=1; %Acceleration (pressure reference)

P_time=[0t_acct_cycle-t_acct_cycle t_simtime]; %time points
Py= [01100]; %pressure points (per units)
Pressure_reference=[P_time' P_y'];

%L eakage
Leakage thresh=t_cycle/2;
L time=[033446];

L yv= [001100]
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Leakage=[L_time'L_y']; %L eakage matrix in per units

%Controllers
Refmax=1,; %saturation of signals in the control system

%Pressure controllers
K_pressure_prop=1,
K_pressure_int=1;
K_pressure_dif=0;

%Speed controller
K speed prop=100;
K _speed_int=0;

%Torque controller
K_torque_prop=100;
K_torque_int=0;

%In the model
K _torque=M_motor_rated/Refmax;  %Torque transfer

%Feedbacks
Kf torque=Refmax/M_motor_rated;

Kf_speed=Refmax/w_motor_rated;
Kf_pressure=Refmax/Pressure_rated;

4. Matlab code file with compressor parameters

%Parameters of compressor and receiver

%Physics

t amb=25; %Ambient temperature *C

T _amb=273.15+t_amb; %Same in Kelvons

Bar=101325; %71 bar in Pascal

Molar_air=28.97e-03; %kg per Mole, molar mass of the air
R_gas=8.314; %Universal gas constant

OoRated parameters
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Pressure_rated=2*Bar; %Rated or actual pressure of the compressor
Pressure_max=2.5*Bar; %Maximum pressure of the compressure

%Geometry of the chamber

Rchamber=40e-03; %Radius of the membrane chamber, m
Schamber=pi*Rchamber”~2; %Area of the membrane or chamber bottom, m2
Rcrank=4e-03; %Radius of the crank, m

dH=2*Rcrank; %Displacement, m (slider shift)
Vchamber=Schamber*dH; %V olume of the compressed air, m3

dm_air=(Pressure_rated*\VVchamber*Molar_air)/(R_gas*T_amb);
%mas of the air exhaled by one chamber per revolution

%Receiver

D_receiver=150e-03; %Diameter of receiver cylinder, m
H_receiver=200e-03; %Height of receiver chamber, m

S _receiver=pi*D_receiver’2/4;
V_receiver=S_receiver*H_receiver; %Volume of receiver chamber

Mload=Pressure_rated*Schamber*Rcrank*0.5; %Load torque, N*m, assumed to be
constant 0.5-adjusting coef

Qm_rated=2*dm_air*1500/60;  %rated air productivity in kg/sec

5. Matlab code main file
% Main file

clear;
clc;

mkdir exported_graph; %make directory
FolderGraph="exported _graph\';  %will be used for filenames

param_compressor; %Iloading parameters of compressor
param_motor;
param_control;
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