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Summary. The priority direction of domestic hemp breeding today is the creation of
new generation technical means for the cultivation of hemp in various areas of its
application. Therefore, the development and research of new working bodies for harvesting
technical hemp is an important and very urgent task in increasing the level of mechanization
of harvesting operations in hemp agriculture. The purpose of the research is to determine
the optimal parameters of the cut of the stems of technical hemp, providing minimal energy
costs. The research was performed in 2021 in the Laboratory of Agroengineering
Technologies at the experimental production of Federal Scientific Center of Bast Crops
together with the Department of Power Supply and Electrical Engineering of Tver State
Technical University. The work is aimed at creating a mock-up sample of an adapter for
cutting stems of technical hemp. For performed research, an experimental installation of a
cutting machine with replaceable cutting segments was constructed. For the operation of the
installation with the possibility of electric motors soft start and speed control, a basic power
supply scheme has been developed. The cut of stems with toothed segments in the shape of a
circle, parabola and rounded trapezoid was studied at different levels of variation of factors
affecting energy consumption. The consumed power was determined by a digital measuring
device SHM-120. We determined thatshape of the cutting edge has the greatest impact on the
energy consumption during cutting. It was found that the cleanest and highest-quality cut is
performed by segments with a parabolic shape of the tooth, as well as the shape of a circle.
At the same time, the minimum energy consumption is 102 and 122 W, respectively.
According to the research results, optimal parameters that ensure minimal energy
consumption for cutting technical hemp stems have been determined. They are: teeth profile
— circle and parabola; cutting tooth height — 11-15 mm; sharpening angle — 45 degrees;
teeth thickness — 2— 2.5 mm; cutting disc rotation speed — 800-900 rpm; the feed rate of the
stems — 1.4 m/s; cutting speed — 34-38 m/s. These parameters can be recommended when
developing a cutting machine prototype.
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Introduction
Technical hemp (Cannabis sativa L.) is a strategic agricultural crop grown in Russia
and abroad for the production of hemp fiber, hemp oil, etc. Due to its unique properties,
hemp annually acquires new, innovative uses.
Technical hemp stems cutting in the process of harvesting has its own characteristics,
which causes certain difficulties in the operation of cutting machines of harvesters. During
the period of technical ripeness, a strong bast fiber layer, which has, among others, abrasive
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properties, is formed in the structure of the stem [1]. It causes rapid wear of cutting elements,
clogging of working bodies and disruption of the technological process. In addition,
increased energy consumption and short life of the cutting edges do not meet the increasing
requirements for modern harvesting equipment [2-4].

One of the most important and responsible working bodies of hemp harvester is the
cutting machine. Currently, the most widely used devices for technical hemp stems cutting
are rotary-type ones. They work on the principle of a without-prop cutting and have a
number of advantages over other types of devices: high productivity and cutting speed,
simplicity of design, etc. [5-9].

Considering the solid structure of the hemp stem, there is a need for continuous
improvement of working bodies, the search for new design solutions that provide not only a
guaranteed cut of stems, but also a reduction in energy consumption and an increase in the
resource of cutting elements. Therefore, the development and research of working bodies for
harvesting technical hemp is of great practical importance in the domestic hemp industry and
the technical equipment of the sub-sector.

Research objective is todetermine the optimal parameters of technical hemp stems
cutting providing the minimum costs of energy.

Materials and methods of research

The researches were performed on the base of the Federal Scientific Center of Bast
Crops in 2021.The objects of research are an experimental rotary-type cutting machine, C.
sativa stems selected (bred) in the Penza division of Federal Scientific Center of Bast Crops.
The initial data of the research objects are given in Table 1.

Table 1 — Initial data for experimental research

Parameter Value
Technical hemp variety ‘Nadezhda’, ‘Lyudmila’
Ecotype Central Russian
Stem moisture content, % 60.0-70.0
Average height of cut stems, m 15
Stems diameter, mm: mln!mum 10.0

maximum 20.0

Fiber content in stems, % 26...34
Type of cutting machine Rotary
Principle of cutting stems Without-prop cutting
Shape of cutting tooth (shape of cutting edge) Circle/parabola/trapezoid
Cutting disc diameter, m 0.8

An experimental installation with replaceable cutting segments of various profiles
(Figure 1) was made at the experimental production of the Federal Scientific Center of Bast
Crops for the study of without-prop cut of technical hemp stems. The installation (Figure 1)
consists of a chassis (frame) 1, a cutting machine including a reduction drive with a
transformation of the direction of rotation 2, a cutting disc 3 with replaceable toothed
segments 4.The cutting machine is operated by an electric motor 5 with a power of 1.5 kW
through a V-belt transmission. The plants are fed to the cutting machine by conveyor 6,
where the stems are located in rows and fixed cantilevered in a vertical position, which
allows you to simulate a cut of plants in the field. The conveyor 6 is driven by an electric
motor 7 with a power of 1.1 kW. The feed rate of the stems is regulated by a frequency
converter.
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Figure 1 — Diagram of the installation for the study of energy consumption when

cutting stems
Note. 1 — chassis (frame); 2 — reduction drive with a transformation of the direction of rotation; 3 — cutting
disc; 4 — replaceable toothed segments; 5 — electric motor of the cutting device; 6 — feed conveyor;7 — electric
motor of the conveyor drive.

In the process of research, the effect of such factors as diameter of the stems and their
feed rate, speed of rotation of cutting disc, shape of cutting teeth on the energy consumption
of the process of hemp stems cutting was considered.

The research was performed according to the methodology of planning a
multifactorial experiment of agricultural processes [10]. When compiling the experiment
planning matrix, the following factors and levels of their variation were selected (Table 2):

Table 2 — Experiment planning matrix

. Designation Levels of variation of factors .
Factor, unit of ¥ > o Variation
measurement Natural Coded pfer %ro ower interval
Feed rate of stems, m/s V X1 1.4 1.3 1.2 0.1
Tooth profile profile X2 parabola trapezoid circle 1

Each of the selected factors Xi varied at three levels: upper (+), lower (-) and zero
(main).

For determination of the consumed active power on a cut of stems of technical hemp,
a digital multifunctional measuring device SHM-120 (in Russian II]M-120) was inserted into
the power supply circuit of the installation (into the circuit of the electric motor of the cutting
machine) (Figure 2).
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Figure 2 - General view (A) and connection diagram (B) of measuring device SHM-120
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For the operation of the experimental installation, we have specially developed an
electrical diagram of its power supply (Figure 3) to study energy consumption in different
operating modes with the possibility of soft start of electric motors.

The experimental installation was powered from a three-phase alternating current
power grid with a voltage of 380 V and a frequency of 50 Hz. Circuit breakers QF protect
the installation and fuses FU protect circuit “frequency converter — electric motor”. For soft
start of asynchronous motors and speed control, motors are connected to the power grid via
frequency converters “VESPER” E2-8300.
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consumption during the cutting of stems

Results and discussion

The main factors determining the quality indicators of cutting stems and energy
consumption during the process are the dynamic characteristics of the cutting machine, as
well as the optimal parameters of the cutting working body. Therefore, when studying the
cut, first of all it is necessary to identify criteria that contribute to minimizing energy
consumption [11], the main of which are:

—  the resistance of the stems to the cut, which is determined by the technological
properties of the plant material and depends on both the characteristics of the stem and the
parameters of the cutting working body (cutting angle, blade sharpening angle, linear and
angular velocity of the cutting disc);

—  the material from which the cutting working body is made, as well as the tooth
itself (blade), which affects the durability of work after sharpening and determines the mass
of the cutting machine and, accordingly, the moment of its inertia.

Therefore, to optimize energy consumption, the following parameters should be
considered: the physical and mechanical properties of the stem, the shape of the cutting
tooth, the speed and angle of cutting the stems.

The features of the process of cutting fibrous materials are considered in [12]. For a
rotary-type cutting machine, there is a critical cutting speed. When it is exceeded, the impact
of the blade on the material being cut occurs and the blade begins to chop, but not to cut the
material. This kind of speed is determined by the formula:

v _120n, 7°E .
ST d \6-5-(5nny) (8 7-ny) 1)

where np — quantity of blades on the cutting disc, pcs.;
d — cutting disc diameter, m;
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E — elasticity modulus of the stem material, MPa;

S — hemp stem density, kg/m?®.

Formula (1) shows that the critical cutting speed is directly proportional to the
number of blades on the cutting disc and inversely proportional to its diameter.

Federal Scientific Center of Bast Crops is performing research work on the creation
of a mock-up sample adapter for cutting stems of technical hemp. Within the scope of this
work and taking into account the parameters discussed above, cutting segments with
different tooth profiles were developed and manufactured (Figure 4), which will serve as the
basis for the manufacture of cutting adapter rotors.

.2 2 J P Iy ] | ) I

A B C
Figure 4 — Fragments of cutting segments on a disk with a profile of the cutting edge in
the form of a circle (A); parabola (B); trapezoid (C)

According to the results of experimental studies, the following has been determined.
Guaranteed cutting of stems is performed by all developed profiles of cutting segments at
different levels of varying factors. The cleanest and highest-quality cut is performed by
segments with a parabolic tooth shape (profile 2) because of the longer length of the cutting
edge exceeding the diameter of the stem, as well by segments with a circle tooth shape
(profile 1). The teeth in the form of a trapezoid (profile 3) have a greater impact of the knife
on the material being cut and the cut is obtained by chopping.

At the same time, it was discovered that the shape of the cutting edge of the blade has
the greatest impact on the energy efficiency of the process, which determines the cutting
speed, the sliding coefficient of the blade and the quality of the cut. The results of
experimental studies of the cut of stems of technical hemp are presented in Table 3.

Table 3 — Results of research on the power consumed by cutting the stems of technical
hemp with teeth of various shapes

Tooth profile 1 in the form | Tooth profile 2 in the form | Tooth profile 3 in the form

Parameter of a circle of a parabola a trapezoid
feed rate of stems, V, m/s | feed rate of stems, V, m/s | feed rate of stems, V, m/s
12 | 13 | 14 12 | 13 | 14 12 | 13 | 14
thin stems (average diameter — 10 mm)

Power per cut of

stems, N, W 125 126 122 102 108 118 138 149 175

thick stems (average diameter — 20 mm)

Power per cut of

176 187 193 181 209 256 190 230 296
stems, N, W

Cut quality (visually) clean cut clean cut rough cut (chopping)

Analysis of the research results shows that with an increase in the feed rate of stems, the
power consumption per cut increases. This is due to the fact that elastic deformations occur in
the cutting zone, the deformation rate changes the mechanical properties of the material being
cut (stem), the total deformation decreases, the coefficient of friction decreases. The
dependences of the power expended on the cut of the stem with a different tooth profile, feed
rate and different diameter of the stems are graphically depicted in Figures 5-9.
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Figure 5 — Dependence of the power consumed on a cut of a stem of different
diameters at a constant feed rate of 1.2 m/s and with a different tooth profile
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Figure 6 — Dependence of the power consumed on a cut of a stem of different
diameters at a constant feed rate of 1.3 m/s and with a different tooth profile
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Figure 7 — Dependence of the power consumed on a cut of a stem of different
diameters at a constant feed rate of 1.4 m/s and with a different tooth profile
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Figure 8 — Dependence of the power consumed per stem cut on the feed rate
with different tooth profile and constant average stem diameter of 10 mm
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Figure 9 — Dependence of the power consumed per stem cut on the feed rate with
different tooth profile and constant average stem diameter of 20 mm

As we have learned from the graphical dependencies, the lowest energy consumption
is observed when cutting thin stems by segments with a parabolic and circle tooth shape (102
and 122 watts). This is ensured due to the optimal cutting angle of the stems, the sharpening
angle of the cutting edge and high cutting speed.

Conclusions

As a result of the research, the optimal parameters of the cut of the stems of technical
hemp, which can be recommended when developing a prototype of a cutting machine, were
determined: the profile of the teeth — cutting segments in the shape of a circle (profile 1) and
parabola (profile 2); the height of the cutting tooth h = 11-15 mm; the sharpening angle —
45°; the thickness of the teeth t = 2.0-2.5 mm); the rotation speed of the cutting disc n = 800—
900 rpm; the feed rate of the stems V = 1.4 m/s; the cutting speed Vcut = 34-38 m/s. It is
established that cutting segments with a parabolic tooth shape (profile 2), as well as teeth in
the shape of a circle (profile 1) provide the most high-quality cut of stems, thereby using less
energy N (102 and 122 watts) due to the shape of the cutting edge.

Work was supported by the Ministry of Education and Science of the Russian Federation within the
framework of the State Task of the FSBSI “Federal Scientific Center of Bast Crops” (No. FGSS-2022-0005).

Paboma evinonnena npu noooeprcke Munoopuayxku Poccuu é pamkax I'ocyoapcmeennozo 3a0anus
@I'BHY ®HL]JIK (Ne FGSS-2022-0005).
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[Tonos P. A., Kpynnos A. B.
NCCIEJOBAHUE BJIUSAHUSA ®OPM PEXYUIUX 3YBBEB HA 3ATPATHI
SHEPT'UM ITPU CPE3E CTEBJIEM TEXHUYECKOW KOHOILIHN

Peghepam. Ilpuopumemmnoe HanpagieHue omeuecmeeHHO20 KOHONLEB0OCMEA Hd
Ce2OOHAWMUL OeHb — CO30AHUe MEXHUYECKUX CPeOCE HOB020 NOKOIEHUsL Ol B030€IbIBAHUS
KOHONIU NO PA3IUYHbIM HANPABIEHUAM ee UCnoab3osanus. I[loomomy paspabomka u
uccneoo8anue HOBuIX padboyux opeanos O0Jid YOOPKU MEeXHUYeCKOU KOHONIU ABNAemCs
BAJICHOU U 6eCbMa AKMYAIbHOU 3a0auell 8 NOBLIUEHUU YPOBHA MeXAHU3ayuu yYOOpOYHbIX
pabom 6 kKononnegoocmae. Llenv uccnedosanuii — onpeoeneHue ONMUMAILHLIX NAPAMEMPO8
cpesza cmebnell mexHUYecKou KOHONIU, 00eCnedusarnuux MUHUMAIbHbLE 3aMPamsl JHEPeUlU.
Hccneoosanus nposeoensvt 6 2021 2. 6 nabopamopuu a2pouHICEHEPHbIX MEXHOI02Ull U HA
onvimuom npoussoocmee PIBHY «DedepanvHulil HAYUHbIU YeHMp JYOAHLIX KYIbmyp»
coemecmuo ¢ kageopou snexmpocuaddcenusi u snexmpomexuuxu DPIBOY «Teepckot
20CcyoapcmeenHulll  mexHudeckull yHugepcumemy. Paboma uanpaenrena Ha co3oaHue
Makemuo2o obpaszya adanmepa 0151 cpe3a cmebiiell mexHu4eckol KoHonau. /[is nposedeHus
uccne0o8aHull U320MoGIeHd IKCNEePUMEHMANbHAS YCMAHOBKA pedcyuje2o annapama co
CMEHHbIMU pexcymumu ceemenmamu. [[ns pabomuvl YCMAHOBKU ¢ 603MONCHOCBIO NIABHO20
3anycka  2aekmpoosucameneti U YNpaeieHus yYacmomou  epawjeHus  pazpabomaua
NPUHYUNUATIbHASA dTleKmpuyecKkas cxema numanus. Hccnedoeanu cpez cmebnetl 3youamulmu
cecMeHmamu 8 Qopme OKPYICHOCMU, Napabovl U CKpY2IeHHOU mpaneyuu npu pasiuyHbIX
VDOBHAX 6APLUPOBAHUA  (AKMOPOS, GIUAIOWUX HA DHEPLO3AMPAmbl. 3ampasusaemyio
MOwHOCmb onpedensanu yugposvim cuemuuxom mowpocmu LI[M-120. Onpeodeneno, umo
Haubobulee BIUAHUE HA IHEP2O3AMPamyvl Npu cpeze oKazvieaem hopma pexcywel KpOMKU.
Ycemanosneno, umo Haubonee uucmvlii U KaueCmeeHHblll Cpe3  OCYWeCmEIIemcs
ceamenmamu ¢ napadonuyeckou gpopmoii 3yba, a maxaice 8 popme okpyscHocmu. [lpu smom
pacxoo 3Hepeuu munumaren — 102 u 122 Bm coomeemcmeenno. Ilo pesynemamam
uccnedosanull onpeoeiensvl ONMUMAlbHble Napamempsl, odecneyusaroujue MUHUMATbHbIE
3ampamul dHepeUU Ha cpe3 cmebael MmexHu4ecKou KOHONIU: npoguiv 3y6bee — 6 ghopme
OKpYIHCHOCIMU U 8 (hopme napabonsl, svicoma pexcywezo 3yoa — 11-15 mm, yeon 3amouxu —
45°, monwyuna 3y6ves — 2,0-2,5 mm, wacmoma epawenus pescyujeco oucka — 800-900
00./Mun, ckopocms nooauu cmebaeu — 1,4 m/c, ckopocms pezanus — 34—38 m/c, komopuvie
Mozym Oblmb peKOMeHO08aHbL NPU pazpabomKe onvliMmHO20 00Pa3ya pexcyueco annapama.

Kntouesvle cnosa: mexuuyeckas KOHONWIA, pelCYwuti annapam, cpe3 KOHONIU,
npogune 3yba, sHep2o3ampamvl, NApPaAMempbl.
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