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DETERMINATION OF RATIONAL
PARAMETERS AND OPERATION
MODES OF ROTARY RAKES

In the feed production system, the harvesting of forage from
leguminous grasses and leguminous mixtures plays a key role in
achieving high levels of plant protein. However, the efficiency of
using the biological potential of the crop is significantly limited by the
imperfection of the technological processes of harvesting. The
specificity of leguminous grasses arises from a significant difference
in the strength of the connection with the stem of the most valuable
vegetative organs - leaves and inflorescences, which in terms of
nutritional value are 2...3 times greater than the stem fraction. It has
been established that the main crop losses and reduction in feed
quality occur during mechanical processing of the dried mass, in
particular when performing the operations of stirring, raking into
windrows and turning. Therefore, an objective assessment of the
quality of the work of the relevant agricultural machines (tedders,
rakes) is a critically important condition for improving technologies.

The main methodological problem in researching these
processes is the difficulty of reliably determining quantitative loss
indicators in field conditions. In real operating conditions, due to the
fine size of lost particles and their tendency to shatter, complete
collection is practically impossible. In this regard, the assessment of
machine quality in the field is carried out mainly by indirect methods,
the reliability of which raises well-grounded doubts.

During mechanical action, two parallel processes occur:
first, the loss of a portion of the free particles that already existed in
the swath (due to scattering on the stubble); second, the active
destruction of plants with the formation of new free fractions. A part
of these newly formed patrticles is lost irretrievably, but a significant
amount accumulates in the structure of the formed windrow,
remaining in a "bound" state until the next mechanical impact. Thus,
determining losses by a simple difference masks the real level of
plant damage, as it does not account for the accumulation of free
particles in the mass. This leads to the distortion of test results and
complicates the constructive improvement of machinery. Solving this
scientific problem requires the development of new theoretical
approaches that would take into account the combined influence of
scattering and accumulation factors of vegetative residues in the
process of fodder harvesting.

Keywords: fodder production, fodder grasses, hay,
technology, harvesting, physical and mechanical properties, rotary
working bodies, tedding, rakes.

operations  (tedding, raking, turning), active

methodology [1], it is proposed to calculate losses
from mechanical plant damage based on the
difference between the content of free (detached)
plant parts in the forage before the machine's pass
and after the execution of this operation. However, a
detailed analysis of the process dynamics indicates
the methodological incorrectness of this approach.
During the execution of technological

detachment of vegetative organs occurs. A significant
portion of these organs is irretrievably lost on the
stubble, while another portion is retained within the
windrow structure, shifting to the category of "free" but
not lost. During subsequent processing (e.g., repeated
tedding), these detached parts are no longer attached
to plant stems and are subjected to additional
mechanical impact. Consequently, during subsequent
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operations (repeated tedding or raking), a certain
quantity of these parts is lost, scattered on the stubble,
or remains within the forage mass [2, 3].

Therefore, the real process is characterized
by the simultaneous occurrence of two phenomena:
the loss of previously accumulated free fractions and
the formation of new ones. Therefore, the definition of
losses as a simple difference of indicators does not
reflect reality, since it masks the process of
accumulation of separated parts inside the plant
mass. The actual losses are the sum of the particles
that fell out of the windrow from previous operations
and those that were reflected directly during the
current processing.

Analysis of recent research and
publications. The significant diversity of forage
harvesting equipment is the result of continuous
efforts to enhance productivity and operational quality
while simultaneously reducing the metal intensity of
the machines [4, 5]. Fundamental studies by a
number of authors [2-15] elucidate the theoretical
foundations for designing working elements that
ensure the execution of the full cycle of hay harvesting
operations: from mowing and conditioning to tedding,
windrowing, chopping, and baling.

The purpose of research. The purpose of
this study is investigation the influence of the design
parameters of rotary working bodies on the quality of
hay harvesting.

Presentation of the main material.

According to [1], losses from leaf and
inflorescence are calculated using the formula:

P:100(m1 mz), M
m3

where:

P - losses from shattering, %;

m2 - mass of free (shattered) plant particles in
the sample after the machine pass, g;

mz - mass of free (shattered) plant particles in
the sample before the machine pass, g;

M - total mass of the grass (hay) sample, g.

In this case, the loss indicator calculated
according to [1] may assume alternating values,
indicating that the proposed evaluation criterion lacks
clear physical meaning.

The dry matter content in the shattered plant
parts is always higher than the dry matter content in
the grass from which they are detached.
Consequently, the value of the loss indicator
calculated on a wet basis is underestimated compared
to determinations based on dry matter; therefore,
reliably assessing the performance of machines for
tedding, raking, and turning based on shattering and
losses of vegetative plant parts is practically difficult.

Thus, it is more expedient to assess the
performance of machines for tedding, raking, and
turning forage based on the quantity of shattered and
lost vegetative plant parts [5].

The shattering of leaves and inflorescences
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can be expressed in terms of the change in plant
leafiness before and after the impact of the machine's
working elements using the formula [10]:

o= GI + Ginf
G , )
where: Gi i Ginr — mass of dry matter of leaves
with inflorescences and stems, respectively, g;
G — total mass of grass dry matter, kg.
The material balance of the grass tedding,
raking, or turning process is expressed as follows [10]:

Gll + Ginfl - Glz + Ginf , t Gshat 3

where: G|1,G|2 - dry matter mass of

leaves and inflorescences before and after the
machine pass;

Ginf 1,Gim« 2 - mass of dry matter of stems

before and after the machine pass;

Gshat - mass of dry matter of covered leaves
and inflorescences.

The coefficient of covering leaves and
inflorescences is calculated by the formula [10]:

C — Gshat (4)
G 1
O, — O
C =" ©
where: o1 - grass foliage before cultivation,
G
o, =—L.
G l

o, - leafiness of the grass after the action of
the working bodies on it.

When the machine performs the operations
of intensification of drying perfectly, when ci=0», leaf
and inflorescence covering coefficient C = 0.

In the case when, as a result of the action of
the working organs on the grass, absolute covering of
leaves and inflorescences is observed, i.e. o2 = 0,
shattering coefficient C = o1. The coefficient of leaf
and inflorescence covering can reach such limit
values.

The mass of covered leaves and
inflorescences is calculated [10]:
Gshat = Gshatl + Gshatz ) (6)

where: G ,1 .Gy, - CONsequently, the dry

matter quantity of shattered leaves and inflorescences
that are lost and remain in the forage mass after
processing.

To determine grass dry matter losses
resulting from the shattering of vegetative plant parts,
it is necessary to determine plant leafiness before and
after the operation, as well as the dry matter fraction of
the shattered plant parts remaining in the grass after
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processing.

Research on substantiating the rational
parameters and operating modes of tedder-rakes was
conducted using the multifactorial experiment planning
method.

When selecting
multifactorial experiments,
following requirements:

- the factors must be independent of one
another;

- no contradictions should arise between the
factors during the research;

- the factors must have a clear physical

factors for
they must

conducting
meet the
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meaning and be characterized by measurement
accuracy and stability at a specific level.

To study the process, the following factors
were selected: grass moisture (W, %), peripheral
speed of the working bodies (Rw, m/s), forward speed
of the unit (VV, m/s), and grass feed rate (m, kg/s). The
research was conducted by simulating the processing
of wilted grass on a laboratory setup, the scheme of
which is presented in Fig. 1. The leaf shattering
coefficient (Co, %) was selected as the output variable,
which was determined using the formula [5]:

Co=10* Goss/H(100-W) (7)

£ = 7

L

Fig. 1. Scheme of the installation for studying the process of covering vegetative parts of
plants during stirring and raking grass: | - rotor drive mechanism; 2 - V-belt transmission; 3 -
axle; 4 - rotor; 5 - rakes; 6 - chain transmission; 7 - motor-reducer; 8 - conveyor.

Conclusions. Total hay losses caused by
unraked material and the shattering of vegetative plant
parts during raking should not exceed 2.5%. Losses
due to unraked material for rotary rakes with centrifugal
working bodies are low and do not exceed 0.5%.

It has been established that the primary losses
occur due to the shattering of vegetative plant parts.
Although the majority of shattered parts remain within
the forage mass after tedding and raking operations,
these parts are free - that is not attached to plant stems,
and are consequently lost during subsequent
operations. Therefore, this specific loss indicator value
should be selected as the permissible value for the
shattering coefficient during optimization.
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BU3HAYEHHA PALUIOHAINIBHUX NAPAMETPIB
| PEXXMUMIB POBOTU TPABNIB-BOPYLLUNOK

Y cucmemi KopmosupobHuYmea 3azomigsis
CiHa 3 60bosux mpas ma 606osgux cymiwel 3aliMae
npiopumemHe Micue 3ae0sKU 8UCOKOMY eMicmy

POCIUHHO20 birka. lNpome egbekmugHicmb
guKopucmaHHs1 6ionoaiyHo20 nomeHujarny Kyrnbmyp
cymmeso obmexyembcsi HedoCKoHarlicmio

mexHorioeidHUX  ripouecie  36upaHHs.  Crieyudbika
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b60bosux mpas nosisiecae 'y cymmesit  8iOMiHHOCMI
MiyHocmi  38’a3Ky 3i cmebnom Haltbinbw  UiHHUX
8e2emamueHUX opeaHig - nucms ma cyusims, siKi 3a
roxusHicmio y 2...3 pa3u nepesaxatrome cmebriosy
pakuito. BcmaHoerieHo, WO OCHOBHI empamu
8POXar ma 3HLKEHHST sKkocmi KopMy eidbysarombes
nid 4ac MexaHiYHOI 06pOobKU Mpus’saneHoi  macu,
30Kpema [pu  BUKOHaHHI orepaujili  80pYLWIiHHS,
3epibaHHs 'y eanku ma repesepmaHHsa. Tomy
ob’ekmusHa ouiHka siKocmi pobomu  8iOroeIOHUX
CirlbCbKo20CrnodapChKUX MalUH (80pyWUsIOK, 2pabriig)
€ KPUMUYHO B&)K/IUBOID YMOBOH YOOCKOHANIEHHS
mexHoroail.

'onosHor MemodorioeidHo Mpobremoro npu
oocnidxeHHi  yux  npouecie €  CKalHicMb
00CMOBIPHO20  BU3HAYEHHS]  KIfIbKICHUX — [OKa3HUKIG
empam y ronbosux ymoeax. Y peaslbHUX ymogax
excrilyamauii Yepes OpibHOOUCIEPCHICMb 8MpaYeHUX
4Yacmok ma ix cxXusibHicmb 00 KPULUIHHST MoeHUL 36ip €
MPaKmMU4YHO HEMOXIUBUM. Y 38’A3Ky 3 UUM, OUiHKa
sKkocmi  pobomu MawuH Yy rosi - 30iUCHIOEMBCS
riepesaxxHo HernpsiMumMu memodamu, OOCMOBIPHICTb
SIKUX BUKITUKaE 0BrpyHmMoeaHi CyMHigu.

[0 wac mexaHidHOI Oii 6i0bysaembcsi Osa
naparnernbHi fpoyecu: fo-repwe, empama 4YacmuHu
BiIbHUX 4acmokK, WO @exe ICHysanu y [POKOCi
(8HacrniGoKk po3citogaHHs o0 cmepHi);, ro-opyze -
aKmueHe pyUHy8aHHSI POCIIUH I3 YMBOPEHHAM HOBUX
8irnbHUX (bpakyiti. HYacmuHa yux HOBOYMEOPEeHUX
4acmok empavaemscs 6e3ro8opomHo, ane 3HadHa ix
KirbKicmpb aKyMymtoemsCsi y cmpykmypi
cchopMOBaHO=20 8arika, 3anularoyuUch y «36’s3aHoOMy»
cmaHi 00 HacmyrnHo2o MexaHidHo2o ernuey. Takum
YUHOM, BU3HaYeHHs empam 3a MpPOCMON Pi3HUUEO
Mackye pearbHUll pigeHb MOWKOOXeHHS] POCIIUH,
OCKilbKU HE 8pax08ye HaKOMUYEHHST BiflbHUX YacmoK y
maci. Lle npu3sodume A0 8UKPUBIEHHS pe3yribmamig
surnpobysaHb ~ma  YCKIaGHIE  KOHCIMPYKMUBHE
800CKOHaNeHHsI MmexHiku. BupiweHHs1 uiei HayKoeoi
npobriemu sumMazae PO3POBKU HOBUX MeOPemuUYHUX
nioxodie, sKi 6 epaxosysasiu CyKynHUl  6ryiug
ghakmopis pO3Cito8aHHs ma HaKOMUYEeHHS
8ezemamueHUX pewimok y npoueci 3azomiesi Kopmig.

Kmroyoei  cnoea:  kKopMogupobHULMEO,
KOpMO8Ii mpasu, CiHO, mexHosioais, 3a2omiersisi, (hi3uYHi
ma MexaHidHi enacmusocmi, pomauiliHi - poboYi
opeaHU, 80pYWIiHHST, 2pabrii.
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