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Abstract. The main mass of granular mineral fertilizers is applied by spreading them over the surface of
the field, both during the main fertilization of the soil and when feeding agricultural crops. Existing machines of
domestic production do not meet agronomic requirements in terms of indicators of uneven application of mineral
fertilizers. At the current stage, there are no theoretical dependencies that would adequately describe: the process
of feeding fertilizers through the lower link of the feeder-conveyor; the movement of fertilizers from the feeder to
the fat diverter and their movement along the latter; the movement of fertilizers from the working body to the
surface of the field under wind conditions. Known models of applying mineral fertilizers to the surface of the field
do not agree with the real process and contradict the standard method of determining the unevenness of their
application on the working width of the machines. The purpose of the work: to develop an analytical model that
functionally describes the process of movement of mineral fertilizers in the guide cone of the divider of the
distribution device depending on the parameters of the working body. The article provides a theoretical analysis
of the movement of a particle of mineral fertilizers along the curved surface of the divider, taking into account the
direction of the wind and the resistance of the air environment. According to the research results, an analytical
and graphical model was developed that characterizes the change in the speed of movement of mineral fertilizers
depending on the initial coordinates of their placement in the guide cone of the divider. It was established that
with changes in coordinates within 0.1...0.4 m and the diameter of fertilizers from 4 to 6 mm, the resulting speed
of movement of fertilizers is in the range of 1.0...2.9 m/s.
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1. INTRODUCTION

Modern science is in constant search for the task of increasing the uniformity of the
application of solid mineral fertilizers in the farming system and producing high-quality products.
In world practice, almost 100% of machines are used with throw-type sowing devices [1-3].

The serious disadvantages of such machines include the fact that they have an uneven
application legalized by agricultural requirements — 25% for throw-type machines for surface
application [4-6].

However, when applying fertilizers with such unevenness at in unfavorable weather
conditions, depending on the changing physical and mechanical properties, it can reach over
50% [7]. With high unevenness, the yield constantly fluctuates, which causes un simultaneous
ripening of grain crops, unsatisfactory performance of harvesting machines, as well as the
accumulation of nitrates in products in areas that received an increased dose of fertilizers.

For the period from 1995 to 2022, the volume of mineral fertilizers applied in some
regions of Ukraine decreased to 60—-70% [8, 9].
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Therefore, the problem of effective use of mineral fertilizers is of particular relevance.
Scientific research has established that when adding an average dose of nutrients using
conventional technologies, one kg of active substance gives an increase in yield of up to 4 kg
of grain [11-13].

It has also been established that the yield of agricultural crops depends on the nature of
the distribution of fertilizer doses across the field. With increasing unevenness of fertilizer
application, the responsiveness of plants to fertilizers significantly deteriorates. Uneven
application of fertilizers affects the properties of the crop and also leads to environmental
pollution [15].

2. EXPERIMENTAL METHODS

The fundamental criteria of modern technologies for cultivating agricultural crops are
the preservation and increase of soil fertility, resource conservation, economic and
environmental safety of products and the environment [16]. Therefore, studying effective
energy-saving technologies for soil cultivation using rational doses of solid mineral fertilizers
is one of the urgent tasks of modern agriculture. Science and practice have established that more
than 50% increase in yield crops can be obtained through the systematic application of
fertilizers [17]. During the technological process of sowing fertilizers machines, the most
important indicators of the quality of their work is the uniform distribution of fertilizers over
the field area and, accordingly, over the plant nutrition area.

Based on the above, a schematic diagram has been proposed pneumatic rod machine for
applying solid mineral fertilizers is shown in Fig 1.
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Figure 1. Schematic diagram of a pneumatic rod machine for dispersing solid mineral fertilizers:
1 — frame; 2 — cardan shaft; 3 — overrunning clutch; 4 — elastic coupling; 5 — belt drive; 6 — fan;
7 — air ejector; 8 — corrugated pipe; 9 — fertilizer distributor; 10 — bunker;

11 — sowing device; 12 — wheel; 13 — hydraulic cylinder; 14 — rod

3. RESULTS AND DISCUSSION

When operating boom pneumatic machines for surface application of solid mineral
fertilizers, the latter are fed by the sowing apparatus into the distributor guide cone, which
focuses them in the center of the divider (Fig. 2).

The parameters of the divider will largely depend on the initial speed of the fertilizer at
the moment of contact with its surface. The initial velocity of the fertilizer particle 9, will
depend on the height of the guide cone. The shape and parameters of the upper part of the
divider must be selected based on the condition of ensuring the maximum speed of the particle
at the moment when it leaves its surface (Fig. 3).

To establish the relationship between quantities, consider the condition free fall of
fertilizer particles in the air, taking into account air resistance and write it as
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Theoretical analysis of the flow divider of solid mineral fertilizers

= (1)

F=md+F,+F,+F +N,

where F, — resultant force, N; m — mass of fertilizer, kg; g — acceleration of gravity, m/s?;

F, —air speed resistance force, N;
F, —air density resistance force, N;
F, = fN —friction force, N,

where f — friction coefficient; N — reaction force, N.
According to [8], the resistance force F, air flow speed is determined by the formula

F, =mk,9, (2)

where k, —wind age factor, 1/s2.
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Figure 2. Schematic diagram of a fertilizer flow divider: 1 — fertilizer; 2 — curved surface; 3 — divider
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Figure 3. Scheme of movement of part of the fertilizer along a curved surface divisor
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The air density resistance force F, of the air environment, which prevents the free

movement of the fertilizer particle, will also depend on the area S (m?) of the cross-section of
the particle and the plane of the air p (kg/m®) of the air environment.

According to[8], the force F, is determined by the formula
F,=0555%p, ()

where & — air density drag coefficient;
S — particle cross-sectional area, m?;
p — particle density, kg/m?3.
In addition, let us imagine the resultant force F, according to Newton’s 2nd law that is
dg
F=m—. 4
at (4)
Substituting the expression F, =mg+F, + F, + F, + N for the values of its components
with (2), (3) and (4), we obtain the dependence.

dg

mazm(g+k3§)+0.5§sl§zp+ﬂ(f+1); (5)
dg¢ . s 1 SN
i +k99+a[0.55832p+N(f+1)]. (6)

Then, taking the form of a fertilizer particle at the end of the ball (particle cross-sectional
area S =0.25zd;, particle mass m=V p=(4/ 3)(0.57zdp)3 o, V —where volume of the ball,
m?3; d, is the diameter of the particle, m), the projections of the acting forces on the Ox and
Oy axes will be equal:

dJg 6 3
X = — N1+ f)———&F -k, %, ;
dt ﬂ_dgp ( ) 4dp§ X 9% (7)
dg g 67d?> 3
Y=Y kG +—EN(1-f)+— &P,
dt sina °7  p (1-7) 4dp§ X ®
or.
T 2}’9( 6 3
dg = ——N(1+ f)———&F —k,9, |dt;
0 >\ zdip 4d, (©)
9, $2y7g g 6 3
dg = — k.3 +———N(1-f)+— &9 |dt. 10
! ’ ! (sina T adip =1 4dp§*J (10)
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The solution of integral equations (9) and (10) within the limits of integration has the
following expression:

2
9,=—2 N(1+f)\/2;x+ 3o kedo

*Tadlp ad, (em)zﬂ_em@' (12)

g{ 1 y\/g J+ 6 N(1-f) ﬂ-l— 3 §y2\/§

i (sina Ty ) I R

y k‘9

Then, the resulting speed 9 of movement of the fertilizer particle according to (11) and
(12) is equal to

0 N(1+f)\/%7+ 38 &y ,c\g

7d%p ad | (emf@_em\/&
9= (1)
A /9 0 N(1-f) 2y, 3 £y'Je
ky [ sina  e@78 foy | zdip 9 4dp(em)2\/ﬁ

d3
Taking into account the fact that N =mgcosa = ﬂbf’ pgcosa, formula (13), which

determines the resulting speed of movement ¢ of a particle of mineral fertilizers in the divider,
will have an output

2
gcosa (1+ f) Q+ 3 (’tc‘@ — ksfxi/g
g 4dp(eM)\/g V!9 2
9= . (14)

g[ 1 He }Lgcosa(l—f) x,3 £y°\g

k, | sina g @78 Jox g 4dp(em)2@

kS

According to equation (14), a graphical interpretation of the dependence
of the change in the resulting speed of movement ¢ of a particle of mineral fertilizers

on the coordinates x and y is constructed as a function: 9= f,(x,y), Fig. 4a, b, c;
9= f,(x), Fig. 4 d.
For changes in the coordinates x and y within 0.1..0.4m and the

diameter d, of a particle of mineral fertilizers from 0.004 to 0.006 m, the

resulting speed of movement of the particle 9 changes in a wide range — from
1.0to 2.9 m/s.
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Figure 4. Dependence of the change in the resulting speed of movement ¢ of a particle
of mineral fertilizers on the coordinates x and y as a function: a,
b,c— 9= f,(x,y), d, =0.004;0.005;0.006 m;d— 9= f,(x),y=0.04m

With:

- for the diameter d, of a particle of mineral fertilizers, which is equal to d, =0.004 m,
the resulting speed 4 of its movement varies from 1.2 to 2.9 m/s;

- for the diameter d, of a particle of mineral fertilizers, which is equal to d, =0.005 m,
the resulting speed 4 of its movement varies from 1.0 to 2.5 m/s;

- for the diameter d, of a particle of mineral fertilizers, which is equal to d, = 0.006 m,
the resulting speed 4 of its movement varies from 1.0 to 2.3 m/s.

The dominant influence on the functional change in the value of the resulting speed ¢
of movement of a particle of mineral fertilizers in the machine divider is exerted by the vertical

coordinate y — the speed of movement 4 increases by 1.9 m/s. At the same time, the speed 9

of the change in particle motion relative to the Ox axis is insignificant — on average, only
0.3...0.4 m/s.

4. CONCLUSIONS

1. The main provisions that characterize the movement of a particle of mineral
fertilizers in the cone of the divider, taking into account the active accompanying air jet during
the application of fertilizers to the surface of the field by a fat spreading device, are outlined.
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2. According to the research results, an analytical and graphic model was developed
that characterizes the change in the speed of movement of mineral fertilizers depending on
the initial vertical and horizontal coordinates of their placement in the guide cone of the
divider.

3. It was established that with changes in coordinates within 0.1...0.4 m and the
diameter of fertilizers from 4 to 6 mm, the resulting speed of movement of fertilizers is in the
range of 1.0...2.9 m/s.

4. The proposed theoretical model is a further step in the improvement of the
methodology for the development of machines for the application of solid mineral fertilizers
and allows optimizing the structural parameters of the working bodies of the machines at the
design stage at the analytical level.
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TEOPETUYHUI AHAJII3 NOALIBHUKA MTOTOKY
TBEPAUX MIHEPAJIbHUX 1ObPUB

Biktop Bapanoschkuiil; Mapis Ianbkis!; Bosiogumup OHulenko?;
Harans Jlyouax®; Birauiit lanskis!; Iasao Cokin?

Y Tepuoninocoruii nayionanvruii mexniunul ynieepcumem iveni Isana Ilynios,
Tepnonins, Ykpaina
2Hayionanvnuti ynisepcumem 6iopecypcie i npupodokopucmyeanns Yxpainu,
Kuis, Ykpaina
3Bidokpemnenuii niopozoin Hayionanvrnozo ynisepcumemy 6iopecypcis i
npupoooxopucmysants Yxpainu «bepexcancokull acpomexHiyHuti iHCmumympy,
bepeorcanu, Yrpaina

Pe3ztome. OcHOBHY Macy epaHyibO8aAHUX MIHEPANbHUX 000pUE BHOCAMb ULIAXOM IX pO3CIBAHHSA NO
NOBEPXHI NOJIAL SIK NPU OCHOBHOMY YOOOPEHHI SDYHMY, MAK I NPU NIONCUBLEHHI CIIbCbKO20CNO0APCLKUX KYIbIMYP.
Ichyroui mawunu — 8iMUU3HAHO2O BUPOOHUYMBA He 3A00B80IbHAIMb ACPOHOMIUHI GUMOSU 34 NOKA3HUKAMU
HEPIBHOMIDHOCMI 8HeceH s MiHepaibHux 0oopus. Ha cyuacnomy emani 6i0cymui meopemuyni 3a1e)iCHOCMI, 5SKI
0 adeKeamHo ONUCY8AIU. NPOYEC NOOABAHHI 00OPUS HUICHLOIO TAHKOIO JHCUBUTbHUKA-KOHBEEPA, PYX 000puU8 6i0
HCUBUIBHUKA 00 MYKOCHPAMOBY8AUA M iX pPYX Y30082C OCMAHHLO20, YMOBU 3axeamy 006pug pobouumu
opaanamu; pyx 006pue 6i0 pobouo2o opzany 00 NOGEPXHI NOJS 8 YMOBAX Oii HA HUX GIMPY i CYNPOBOOICYIOU020
nogimpsano2o cmpymensi. Bioomi modeni enecenns minepanoHux 006pus Ha NOBEPXHIO NOJISL HE Y3200CYIOMbCS 3
DPeanvHuM npoyecom i 3anepeuyiomv CMaHOApMHil Memoouyi GUHAYEHHS HEPIBHOMIpHOCMI iX 6HeceHHs Ha
Ppobouitl wupuni 3axeamy mawun. Mema pobomu: po3podoumu aHarimuyry mMooeib, aKkd QYHKYIOHAIbHO ONUCYE
npoyec nepemiujenHs MiHepaibHux 000pU8 y HANPAsIAIOUOMY KOHYCI NOOIMbHUKA PO3NOOINbHO20 NPUCHPOTO
3anexcHO  8I0 napamempie pobouozo opzawy. Hasedeno meopemuunuii awaniz npoyecy pyxy UYACMUHKU
MIHEPAnbHUX 000pU8 NO KPUBOMIHIUHIL NOBEPXHI NOOLIbHUKA 3 VPAXYS8AHHAM HANPAMKY Oii 6impy ma onopy
NOBIMPAH020 cepedosuwyd. 3a pe3yrbmamami 00CAIONHCeHb PO3POONEHO AHALIMUYHY ma epagiuny mooeni, aKi
Xapaxkmepu3syrmo 3MIHY WEUOKOCMI NepemMilyeHHs. MIHEPATbHUX 000PUS 3ANENHCHO 8I0 NOYAMKOBOI 6ePMUKATbHOL
ma 20pU30HMAILHOI KOOPOUHAMU IX PO3MIUEHHS 8 HANPABIAIYOMY KOHYCI nodilbHuka. Becmanoeneno, wo 3a
3miHu koopounam y medscax 0,1...0,4 m ma diamempa 000pus 8io 4 00 6 mm pe3yibmyua weuoKicms pyxy 00opus
nepebysac 6 dianasoni 1,0...2,9 m/c. 3anpononoseana meopemuuna mMooenb 00380MA€ HA AHANIMUYHOMY DIGHI
npogecmu  OnmMuMizayiro  KOHCMPYKMUBHUX NAPAMempie poOOYUX Op2aHié MAwUH OJid 6HECEHHA MEepoux
MiHepanvHux 006pus.

Kniouogi cnosa: minepanvni meepoi 006pusa, noOdilbHUK, Pe3yAbmylouad weuoKicms, KoopouHamad,
KPUBONIHIUIHA NOBEPXHSL.
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