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CULTURAL DRONE

Summary

Multirotor drones can be used in ecological agricué as agricultural machines that do not producdiytion or knead the

soil. The movement of drone over plants is relatethe thrust generated by rotors and propellersstTstand, where the
drone was placed on electronic scales, was con&duin order to establish the thrust force of therg:. The test stand,
where the drone was placed on electronic scales,awastructed in order to establish the thrust éoof the drone. Optical
tachometer was used to measure the propellerstional speed. A mathematical formula was determitmad describes

the relation between the rotational speed of ttendrpropellers and the thrust force it generates.
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OCENA SILY Cl AGU WIELOWIRNIKOWEGO DRONA ROLNICZEGO

Streszczenie

Drony wielowirnikowe mag by¢ wykorzystywane w rolnictwie ekologicznym jako iyagzolnicze, ktére nie emituga-
nieczyszczei nie ugniatag gleby. Ruch drona nad flinami zwizany jest z wytwarzarsilq ciggu przez wirniki smigta.
W celu wyznaczenia sityggu drona zbudowano stanowisko badawcze, w ktérgm dsadzono na wadze elektronicznej, a
do pomiaru pedkasci obrotowejsmigiet LEyto tachometru optycznego. Wyznaczono farmmatematycznopisupcg zale:-
nas¢ pomedzy pedkascig obrotow; smigiet drona a wytwarzanprzez niego s ciggu.

Stowa kluczowedron rolniczy, bezzatogowy statek faigy, sita ciygu, stanowisko badawcze

1. Introduction

Typical ecological agriculture, that is organienféng,
is not only growing plants using natural methodscas-
monly believed. It is also cultivating fields suraled or
even crossed with natural habitats of plants, shrabd
trees that create proper microclimate and offeltshto the
reach fauna that thrives there. The future of egiol agri-
culture is closely related to the future of machkiseecific
for such farming. Machines which, when passing dber
crops, do not knead the soil, make it possibleatoyaut pro-
cedures on plants in a selective manner, withostragng
them. Machines which can move over small fieldgpror
mously dodging natural obstacles. Machines whicherw
working in the field, do not pollute the naturalvieanment
with fumes from the exhaust pipes of their engines.

Drones — pilotless aircrafts, slowly becoming sucé-

chines, are used more and more frequently in aguieu
Multirotor drones are the most popular as they ranain
still in the air or move in any direction at a speedepend-
ent of the work level or load. They are equippethwiam-
eras and containers with devices distributing sesukor-
ganic plant protection products [5]. Applicationdsbnes in
ecological agriculture can be justified in the fatdior eco-
nomic and environmental reasons.
Drones make it possible to monitor the crops, tgkddvan-
tage of phenomena related to absorption and reftecif
light by plants. Remote sensing on research wittB R@Gd
multispectral cameras is currently widely used dedel-
oped in agriculture [9]. This technique providesnfars
with information on the health condition of the pis The
drones can be also used as robots for performiogtive
procedures on plants with variable doses of bicklgbro-
tection products, relevant to the plants’ healtbin3].
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Drones can also be a promising solution for aptibe
of trichogramma biological plant protection prodastthey
make it possible to disperse the product contaimegecial
capsules in a precise and quick way. The air jeegeed
by rotor drone propellers additionally prevents thpsules
from being blown away by side wind which can resnlt
uneven distribution of the product on the field.[8]

The capacity of multirotor drones to hang overpsro
and the possibility of their vertical takeoff arahtling are
some of its unquestionable advantages. The draheist
force is a mechanical force which lifts the dronighvthe
generated air jet. The air jet is created by annengyith
propellers. If the thrust force is greater thanistasce
force, the drone accelerates. In order for the ertmnbe
able to stay airborne, the thrust force must atleaunter-
balance the gravity force [6].

Electric brushless motors are the principal pavarsmis-
sion system of a multirotor drone. The majoritynrafdern en-
gines is identified with width and height of the tatchousing.
kV value is usually indicated on the engine. ltigates how
many engine revs per minute occur per volt of ireped elec-
tric voltage. The value is measured at zero erigia so the
actual rotational speed will differ depending oe thiction
losses and values of the carried load. kV valuerdetnes the
scale of dependence of rotation on the batterageltHigher
battery voltage allows the engine to rotate fasfee drone
can move upwards and fly in all directions. Whdrfalr ro-
tors rotate at the same speed, the drone movesrtigally. In
order to fly straight, to the left or right, twotoos rotate faster
and the drone tilts in the direction of the fligiib make the
drone rotate around vertical axis, two opposit®reototate
faster [11].

The drone’s power transmission system is a grdup o
mechanical and electric systems that generate pawer
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transfer it in a way that creates movement. Thegllers also
give it the speed required to stay airborne whietkes it pos-
sible to achieve the desired altitude. A propetterst be ad-
justed to the utmost possible use of power devdldgethe
engine. When selecting the propeller, its directisime and
pitch need to be taken into consideration. Profzedee avail-
able in two different shapes with opposite pitcgles. These
two propellers, however, make it possible for tmend to
maintain balance and stabilize the aircraft let].[

The propellers have a hub fixed directly to thetano
and at least two blades emerging from the hub. sibe is
measured in inches from the end to the end ofwbeblade
propeller, e.g. from 5 to 6 inches (from 12 to 1B)cThe
pitch is measured on basis of how far ahead thpetier
could move if it crossed a solid body, making ak&rturn.
The greater the pitch, the more air passes throgtpro-
peller with each turn. More air being transferrgdite pro-
peller results in greater thrust level [12]. Thrgsinerated
by the drone depends not only on the propellerpiiat
also on its length and rotational speed. When pienseare
exchanged for longer ones or their rotations irsgedhe
thrust increases, too [1]. What is important inecabusing
a drone for field works are the aerodynamic forceger-
ring to the work of rotor drone over crops when drivg.

The velocity, acceleration and hovering over crops
fluence the quality of the operation performed ey dirone.
Location of the drone and thrust variability thafluences
the height control, also have significant impactioa qual-
ity of the agrotechnical procedure [4].

The air jet from the drone rotors can, in cassmhy-
ing, change the jet shape and penetration of thdrjgps
into the plants’ internal structure [2, 3]. Reséaon thrust
of multirotor drones used in agriculture, includiegologi-
cal farming, are necessary in order to establighcthrrect
parameters of their work so that in the future thap be-
come the perfect platform for performing agrotechnhi
procedures.

2. Aim of study

The aim of the research was to determine theioalat

between the rotational speed of all multirotor drgmopel-
lers and the thrust it generates. The researchiviegtoa
drone used for model works examining use of drdoes
agricultural purposes, including ecological farming

3. Material and research methods

Source: own work Zrodto: opracowanie wiasne

Fig. 1. Test stand: 1 - table beam hangers, 2 nedb®am,
3 - table, 4 - scales, 5 - beam, 6 - drone bearokbts,

7 - optical tachometer, 8 - weights

Rys. 1. Stanowisko badawcze: 1 - wieszaki belku,sto
2 - belka drona, 3 - stél, 4 - waga, 5 - belka, Wsporniki
belki drona, 7 - tachometr optyczny, 8 - eliniki

The program included in the meter made it posdible
visualize data on the computer screen and savddtaein
the computer memory using an Excel spreadsheet. The
measurement stand is presented in Fig. 2. SteinBB&y
PT-40/1 electronic scales were used to measuré¢htist
(pos. no 4, Fig. 1).

Source: own work Zrédto: opracowanie wtasne

Fig. 2. Measurement stand
Rys. 2. Stanowisko pomiarowe

The used scales have a separate display, attachbd

The stand for examining the drone thrust was conscales using a cord that also supplies the scatbsiectric

structed for a drone intended for examining phentanmc-
curring during spraying of plants in laboratory diions. It
was mounted on a frame placed at the height of tenme
over the laboratory floor level. The stand is présd in
Fig. 1. Hexacopter DJI S-900 was the multirotomgraised
for the tests and it was equipped with a motor @ SVvat,
400 kV and 15x5.2inch propellers.

The drone motors were operated using Graupner M2 —
station. In order for all of the drone motors todghe same
rotations and for all the motors to rotate simuunsly, the
navigation system was switched off in the controlidong
with the gyroscope and barometer. The propellevsa-r

current. The scales were mounted on a t8plecated on a
transverse bearh, attached using hangetsto the frame.
The drone beam was rested on the sc2|esttached with
brackets6 to the drone frame. The drone was weighed be-
fore it was placed on the scales. The weight ofdiene
with the equipment and battery was 94,35 N. Theeetqu
thrust for such a drone with maximum rotations vies
greater so to prevent the drone from lifting, wesgtvere
attached to it to weigh it dow As a result, the total drone
weight was 145,19 N. The scales were switched rafftae
tare was cleared. As initially the scales indicatatlie "0",
the thrust reading from the display was always tiega

tional speed was determined using UT-382 optical taThe scales display was mounted on a table on wthieh

chometer (pos. no 7, Fig. 1), mounted on a suppeam
attached to the drone construction. Data from dlobdme-
ter were transferred to a computer using a USE.stic
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computer was placed (Fig. 2). This made it posdibleb-
serve and read the results off the scales — theeditorust
and the rotational speed off the tachometer.
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4. Research results

Thrust measurement results are presented in dygadn
in Fig. 3. The diagram presents the relation betwee
thrust force generated by the drone rotors anddtaional
speed of the drone propellers. What was also ésiteiol on
basis of the results was a regression equationhasia
mathematical formula that describes the relatiotwben
the thrust force and the rotational speed of tiopglters.

F=910"n""" 1)

where:
F - thrust force [N],
n - rotation [RPM].

Index of compatibility of the equation and the ules
R?=0,9893.

The observed maximum thrust for the examined dvase
138,9 N with the propellers’ rotational speed d30RPM.

160

F - Thrust force [N]

o] 1000 2000 3000 4000 5000

n - rotation [RPM]
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Source: own work Zrodio: opracowanie wiasne

Fig. 3. The dependence of the drone thrust forceherpro-
pellers’ rotational speed

Rys. 3. Zalenosé sity ciagu drona od predKoi obrotowej
smigiet

5. Conclusion

urement results and the equation established dntibsis
intended for presenting the dependence of the ditomst
force on the rotational speed of its propellerd bd used
for further research works.
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