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MICROPROCESSOR CONTROL OF THE ELECTRIC DRIVE
OF VARIABLE RADIATION INSTALLATION
AND ENSURING OF OPERATION RELIABILITY

Introduction. The introduction of energy-saving technologies has become particularly relevant in recent years, when
energy prices have been constantly increasing. This is particularly important for greenhouse farms, where the main
condition for growing plants indoors is the creation of artificial climatic conditions: temperature, humidity, and lighting.

Problem Statement. Given the light and the dark stages of photosynthesis, it becomes possible to use a va-
riable light field in the plant-growing photoculture, which is created by light installations with variable radiation.
The development of an energy-saving electric drive and automated control systems for the parameters of artificial
climatic conditions when growing plants indoors results in reducing energy consumption and increasing the re-
liability of the technological process in greenhouses of agro-industrial complex.

Purpose. Implementation of energy-saving variable illumination irradiating systems with an automated cont-
rol system for greenhouse farms.

Materials and Methods. A lighting installation with rotation of the irradiator in the vertical and horizontal
planes with a discrete electric drive and microprocessor control has been used.

Results. The current state of variable irradiating systems with energy-saving radiation sources has been ana-
lyzed. The use of a discrete electric drive with an automated control system has been proposed. The installation
with a DNAT-400 radiation source and a ZHO-01 reflector enables irradiating an area of up to 100 m?. The
maximum exposure to photosynthetically active radiation is 30 W/m?, and the irradiation irregularity does not
exceed 20% . At the same time, electricity savings reach about 10 thousand kWh per season. The yield and quality
of products remain unchanged.

Conclusions. The results of the research have confirmed the feasibility of practical implementation of variable
irradiation system for energy efficiency of greenhouse operations.

Keywords: variable radiation, plant-growing photoculture with illumination, electric drive, stepping motor, micro-
controller.
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The problem of electric drive in most cases con-
cerns industrial production mechanisms [1].
This study deals with its application in the illu-
mination industry, namely in irradiating systems/
units emitting variable radiation. Growing plants
indoors is an energy-intensive process, so finding
ways to reduce energy costs is relevant at this
time, when energy prices have been increasing
dramatically [2]. In most greenhouse farms,
during the period of short daylight hours, plants
are additionally irradiated by artificial light so-
urces that are permanently placed above the
sowing area. On average, they operate 8 hours
daily. Due to the peculiarity of photosynthesis
processes, namely its light and dark phases,
there is a prospect of using variable irradiation of
plants [3, 4]. Variable radiation is one of the ways
to reduce energy costs in agricultural production
without reducing the yield and quality of vege-
table crops grown indoors. This can be achieved
with the help of mobile irradiating units, the
design of the electric drive for which is the
subject of this study.

The purpose of this study is to create technical
means and systems for controlling the parameters
of a variable light field and to conduct studies of
plant growth and development in greenhouse
conditions under variable radiation. To achieve
this goal, the task is to develop a lighting device
with rotational motion of the irradiator and a
energy-efficient controlled electric drive.

Information on the development and impro-
vement of electric drives and control systems is
mainly related to industrial production [1]. For
implementing variable irradiation of crop plots
in greenhouses, an electric drive for mobile irra-
diating units needs to be designed [4—8]. This
electric drive belongs to the class of mechanisms
in which the static torque does not depend on the
speed. The main source of its torque is friction.
The peculiarity of the operating conditions of
irradiating units used for growing plants in clo-
sed environments is the microclimate of the
greenhouse: humidity and temperature of the air
medium. To ensure the reliability of the motor in
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such conditions, it is necessary to comply with
the requirements for its thermal operation and
protection against moisture. Most irradiating sys-
tems are based on the reciprocating irradiator sys-
tem that uses AC motors with a square-cage rotor
and no additional control systems. Such systems
have proven to be quite effective in greenhouses
in the Netherlands and Norway [4, 5].

SR > MC
v
SMD
Fig. 1. Flowchart of the IU with the rotation IR
of the IR and the use of the SM

Fig. 2. General view of the irradiating unit with rotational
motion of the irradiator
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Fig. 3. Dependence of horizontal plane irradiation on the
azimuthal angle B for the radiation source ZhO-01 with
sodium lamp-400 positioned at a height of 2 = 3 m at dif-
ferent values of the angle of inclination £: 7 — 10°; 2 — 20°;
3 —30° 4 — 40° 5 — 50°

-
=
!

Fig. 4. General view of the irradiating unit with simultaneous
rotation of the irradiator around the horizontal and the
vertical axes

Study [9] describes industrial carousel-type
variable irradiating systems with a DC electric
drive based on the rotational motion of radiation
sources.
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Fig. 5. Block diagram of the irradiating unit electric drive
with rotation of the irradiator around the vertical and the
horizontal axis

Variable irradiation, as described in [10], has
been realized by moving the operating surface,
that is irradiated by fixed light sources. Its mo-
tion is realized by means of a cable traction.
This system uses an asynchronous motor with a
square-cage rotor that ensures a constant speed
of the sowing area motion relative to the light
sources with different spacing intervals.

A variable irradiation system based on LEDs
that stand out among other sources for their
high energy efficiency and durability, has been
described in [11]. The variable luminous flux is
obtained by rotating a disk with LEDs, lenses
of total internal reflection, and a diffuser. A DC
motor is used for the electric drive, without ad-
ditional speed control. This device provides a
variable light field with a constant frequency of
light and dark intervals.

In all the works involving variable irradiation
used in greenhouse farms, a reduction in energy
costs has been achieved without loss of yield and
product quality.

For developing the experimental models of
irradiating system, the following conditions are
specified: ensuring the required level of irradia-
tion of the crops, the ability to adjust the duration
of light and dark intervals, efficiency, compactness,
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Power
supply

LCD 1602

SMD1

OO0

SM?2 SMD2

Fig. 6. Block diagram of the control unit for the rotary mechanism of the TU: SM1, SM2 are the stepper motors for rotation
around the horizontal and the vertical axis; SMD is the stepper motor drive; KY-040 is the encoder; LCD 1602 is the display

ease of operation and mobility, and reliability of
operation.

The reflectors of the ZhO-01 floodlight, the
GSP-04 lamp, and the ZhSP-VOT-02 greenhouse
irradiator, which have a wide-angle distribution
of luminous flux and high efficiency (at least,
0.75), have been used for designing these lighting
installations. These devices are equipped with the
following gas discharge radiation sources: sodium
lamp-400, metal halide lamp-400-5, metal halide
lamp-1000-2. Each type of irradiator is used
depending on the location of the sowing area,
the structure of the plants and the peculiarities
of their ontogeny. In the first prototypes, an
asynchronous motor with a square-cage rotor
AIP80A8 IM 2081, a gearbox mounted on the
motor shaft and connected to the irradiator, and
a motor speed frequency controller have been
used to drive the installation with rotational
motion of the irradiator [12]. Such electric drives
are quite sophisticated and usually have a vector
control system, which significantly complicates
their electrical circuit.
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To improve the energy efficiency and reliability
of the IU, a stepper motor (SM) has been used to
drive it. The advantages of such a motor are the
absence of brushes and other parts with mecha-
nical friction, a simplified and cheap control system
with no feedback, the ability to achieve very low
rotational speeds of the load connected directly to
the motor shaft without an intermediate gearbox,
and the absence of special position sensors. These
factors increase its reliability and ensure a long
service life.

Figure 1 shows the flowchart of the variable
irradiating installation with rotational motion of
the irradiator (IR). It consists of: stepper motor
(SM); microcontroller (MC); stepper motor driver
(SMD); irradiator (IR); and speed rate units (SR).

Figure 2 shows the design of this installation
that is mounted on a tripod. Sodium lamp-400
thatisaradiation source (2)is placed in parabolic-
elliptical reflector ZHO-01 (7). The reflector is
made of high-purity aluminum sheet with anodic-
oxide or “alglas” coating. The reflector with the
lamp (irradiator) is attached to platform (3) that
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Fig. 7. Block diagram of the operation algorithm of the main
program for controlling the rotary mechanism of the [U

is connected to the shaft of stepper motor (4). A
nema 23 motor (23HS2410) and a DM556 dri-
ver are used to rotate the irradiator. The whole
structure is placed on tripod (5) or can be atta-
ched to the greenhouse ceiling.
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Figure 3 shows the dependence of the radiation
falling onto the horizontal plane on the azimuthal
angle B at different angles of inclination of the irra-
diator ¢ to the vertical axis. For the irradiator placed
at a height of 2= 3 m and at an angle of £ = 20°, the
optimal level of radiation falling on the horizontal
surface from the photosynthetically active radia-
tion (PAR), which is equal to 30 W /m? is achieved.

To increase the functionality of the irrading
unit with rotational motion of the irradiator in
the racked multilevel seedling growing system,
an alterative installation in which the irradiator
rotates around the vertical and the horizontal
axes has been designed. This allows adjusting
the level of irradiation of any part of the sowing
area and thereby achieving a high homogeneity
of radiation dose, to create the same conditions
for illumination of the plants. Figure 4 shows the
general view of the installation. Irradiator (7) is
connected to electric motor (2) that rotates it
around the vertical axis, changing the azimuthal
angle B. Electric motor (3) moves the irradiator
around the horizontal axis and changes the angle
of inclination in the vertical plane {. Stepper
motors nema 23 (23HS2410) and DM556 drivers
are used to rotate the irradiator in both planes.
This unit can be mounted on portable tripod (4)
or attached to the greenhouse ceiling.

The irradiation frequency is set by the parame-
ters of the electric drives and varies within 0.5—
3 min. Also, to limit the motion of the irradiator
in the vertical plane and to protect the electric
drive from destruction, position switches PS1
and PS2 are additionally installed.

The block diagram of the electric drive of the
irradiating unit with the rotation of the irradiator
around the vertical and the horizontal axes is
shown in Fig. 5. Here: MC is the microcontroller;
SMD in the stepper motor drive; IR is the irra-
diator; SR1, SR2 are the speed rate units; SM1,
SM2 are the stepper motors for rotation around
the horizontal and the vertical axis; LS1, LS2 are
the limit switches.

When designing an electric drive forirradiating
units, it is important to choose not only a motor
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Fig. 8. The algorithm of the subroutine for selecting the operation mode to control the IU with a two-axis rotary mechanism

but also a correct drive circuit and its operation | & Arduino microcontroller that is designed to
algorithm that is often determined by the micro- process input signals and to further control the
controller program. A simple and cheap stepper operation of stepper motors;
motor drive based on an AVR family microcont- | & Encoder that is designed to change the ope-
roller that ensures all the specified conditions for rating conditions of the unit in manual or auto-
the operation of irradiating units has been chosen. matic (controlled by the MC) modes;

The block diagram of the control unit is shown | & Display to show all input data and to select the
in Fig. 6. operating mode;

The control unit of the TU rotary mechanism | & stepper motor driver designed to amplify the
includes: output control pulses and to provide their
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required frequency for normal operation of the

stepper motor.

The motor is controlled by an Arduino micro-
controller based on the Atmel ATMega micro-
processor and a digital drive based on a signal
processor using modern control algorithms. The
DM556 is distinguished by smooth motor shaft
motion, high torque, resonance suppression algo-
rithms, and protection against short circuits and
overvoltage. It can be easily configured via RS232
port. The use of this electric drive in combination
with control microprocessor allows automating
the operation of the motor unit. For this purpose,
we have designed a program to control the rotary
mechanism of the IU, the algorithm of which is
shown in Fig. 7.

Let us analyze the program of the Arduino mic-
rocontroller. As can be seen from the block diag-
ram, after the installation starts, the saved data
is initialized. After that, the process returning
the TU to the starting point takes place. During
the return, the SM moves in the vertical plane,
until it reaches the starting point or the point of
operation of the position switch. The operator
sets the starting point of the horizontal motion.
After returning to the starting point, the subrou-
tine selects the operating mode. The block diag-
ram of the subroutine is shown in Fig. 8. This
subroutine has two modes of operation: manual
and automatic. In the manual mode, the IU moves
using the encoder and the plant operator. In the
automatic mode, the rotary mechanism of the unit
is controlled according to with the set parameters.
The program provides for circular motion of the
irradiator both in the horizontal plane and in a
given angular segment. In the vertical plane,
the motion of the irradiator is set only within
a selected angle. It is also possible to select the
speed of the irradiator motion and the delay time
at the specified angular coordinates. This program
also allows us to set the position of the light field
and the ratio between light and dark periods.

The calculations and experimental tests have
shown that this irradiation device with a sodi-
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um lamp-400 radiation source and a reflector
ZHO-01 allows irradiating a section of indoor
soil with an area of up to 100 m?. The maximum
irradiation of the PAR is 30 W/m? the irra-
diation level irregularity does not exceed 20%.
The duration and frequency of changes in light
and dark irradiation levels using the automatic
control system vary within the limits set by the
control program.

The effectiveness of the use of a variable
light field created by the proposed technical
means in terms of increasing the productivity of
photosynthesis and reducing energy consump-
tion for plant irradiation has been proved by
experimental work on growing plants in vegeta-
tion and climatic chambers with 8-hourly variable
irradiation. It has been found that the annual
energy savings as a result of using a variable ir-
radiation unit with a sodium lamp-400 instead
of a similar continuous irradiation unit are about
10 thousand kW - h [13].
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MIKPOITPOITECOPHE KEPYBAHHSA EJIEKTPOITPUBOJOM YCTAHOBOK
3MIHHOTO OIIPOMIHEHHS TA 3ABE3IIEYEHHA HAJIMHOCTI IXHbOI POBOTU

Beryn. TIutanis BOPOBaKEHHsT €HEProOMaAHIX TEXHOJIOTIH 0COBIMBO TOCTPO TIOCTAIO OCTAHHIM 4acOM, OCKIIBKHU I[iHU Ha
eHeproHocii mocTiiiHo 3pocraioth. Lle 0co6IMBO BiUYTHO €KOHOMIYHO /Ui TEIUIMYHKX TOCIOAAPCTB, € OCHOBHOIO YMOBOIO
BUPOIILYBaHHSI POCJIMH Y 3aKPUTOMY IPYHTi € CTBOPEHHSI IITYYHUX KIIMATUYHUX YMOBU — TEMIIEPATYPH, BOJIOTOCTI, OCBITJICHHSI.

IIpoGaemaTuka. BpaxoByouu CBITJIOBY Ta TeMHOBY CTajii (POTOCHHTE3Y, TIOCTAE MOKJIUBICTH 3aCTOCOBYBATU Y CBIT-
JIOKYJIBTYPl POCJIMH 3MiHHE CBITJIOBE IIOJIe, sIKe CTBOPIOETBHCSI CBITJIOTEXHIYHMMH YCTAaHOBKaMH 3MiHHOTO OIIPOMiHEHHS.
Po3po6Ka eHeproo1aaHoro eJIeKTPOIPUBOLY Ta aBTOMATU30BAHUX CHCTEM KePyBaHH ITapaMeTpaMy IITYYHUX KJAIMaTHIHUX
YMOB IIPU BUPOIILYBaHHI POCIAUH Y 3aKPUMY TPYHTI 3MEHIITUTH €HEPTOCIIOKUBAHHS TA HAJIIHHICTh TEXHOJIOTIYHOTO ITPOIIECY B
TENTMYHUX TOCTIOAPCTBAX arPOITPOMUCIOBOTO KOMILIIEKCY.

Merta. BripoBapkeHHS eHeproonaiHuX OIPOMIHIOIOYNX YCTAHOBOK 3MiHHOTO OITPOMIHEHHS 3 aBTOMATH30BaHOIO CUCTe-
MOIO KePYBaHHS JIJIsE TEIJIMYHUX TOCIOJIAPCTB.

Marepiainu it MeToau. BUKOpUCTaHO OCBIT/IIOBAJIbHY YCTAHOBKY 3 00€PTaHHSIM OIIPOMIHIOBAYa Y BEPTUKAJIbHIN Ta Tropu-
30HTAJIBHIN IJIOINUHAX 3 IMCKPETHUM €JIEKTPOTIPUBOIOM Ta MiKPOIIPOIIECOPHUM KEPYBAHHSIM.

Pesyabratu. [IpoananizoBano moTouyHuii cTaH yCTAHOBOK 3MiHHOTO OTIPOMIiHEHHS i3 €HEeProoaJIHUMHU JIXKePeIaMu BH-
MTPOMiHIOBAHHS. 3aITPOTTOHOBAHO BUKOPUCTAHHS INCKPETHOTO €JIEKTPOTIPUBO/LY 3 CUCTEMOTO aBTOMATH30BAHOTO KePyBaHHSI.
Yeranoska 3 mkepesiom sunpomintosarts JIHaT-400 ta sinbusauem KO-01 103B0Jisi€ ONPOMIHIOBATH JAISIHKY TLJIOIIEIO
1o 100 Mm% TIpu 1boMy MaKCHMAJIbHE OMPOMiHEHHS (HOTOCHHTE3HO-aKTHBHOI pamiaril ckirazac 30 Bt/m2, HepiBHOMIpHICTD
piBHs onpominenHs He nepesuitye 20 %. IIpu 1pboMy eKOHOMIsE eleKTpoeHeprii gocsirasia 6;m3bko 10 tuc. kBT - rog 3a ce30H.
BposxkalinicTb Ta SKicTb TPOAYKILii 3aIUIINIacs He3MiHHOIO.

BucHoBku. Pe3dynbraTu 1ocipkenp miATBEPAUIN TOTIIBHICTD TPAKTUYHOTO BIIPOBA/KEHHST CUCTEMU 3MiHHOTO OTIPOMi-
HEHHSI 1J1s1 eHeproeeKTUBHOCTI pOOGOTH TEILIMYHOIO TOCIIOAAPCTBA.

Knrouosi cnosa: 3miHHe ONIPOMiHEHHS, CBITJIOKYJIBTYPA POCJINH, CIEKTPOIPUBIJL, KPOKOBUI JBUTYH, MiKDOKOHTPOJIED.

70 ISSN 2409-9066. Sci. innov. 2024. 20 (5)



