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Justification of the Parameters of the Soil Preparation
Module of the Potato Planting Machine

This work presents a substantiation of the parameters of the soil preparation module in a potato planting
machine system, which is used for strip milling and primary covering of potato seeds. The proposed
methodology allows describing the geometric and kinematic parameters of the milling drum blade, whose knife
is formed by several sections, determining initial conditions and modeling the flight trajectories of soil chips. It
also covers their interaction with the guiding casing surface, considering either reflection or sliding of soil
particles into the target zone for primary covering of potato seeds. Based on the conducted analysis, an analytical
expression for the shape of the casing is proposed, which, when interacting with soil chips, meets the
requirement of directing soil particles into the target seed row zone.
potato seed, soil chips, planting, strip milling, parameters, modeling, analysis, guiding casing, flight
trajectory, grinding, loosening

Problem statement. Potato production in Ukraine is largely concentrated in small
private farms. This indicates a significant need for the development of effective small-scale
mechanization tools. In most cases, the technological process of potato production remains
poorly mechanized. For example, the issues of soil preparation for forming a seedbed for
potato planting, as well as the mechanized planting process itself, are still underdeveloped.
The low level of resource provision in such farms often leads to violations of proper crop
cultivation technologies. As a result, potato yields in these farms are significantly lower compared
to those of larger producers, where production technologies and resource availability are at a
higher level. Therefore, one of the priority tasks of agricultural machinery development is the
development of our own line of machines for potato production specifically tailored to these
small-scale farms, which ensure the majority of Ukraine’s gross potato collection.

The aim of this study is to justify the parameters of individual units of a combined
potato planting machine. This research focuses on the study of the design and kinematic
parameters of the milling module of the potato planter. This module, performing strip milling,
is intended to prepare the soil for forming the potato seedbed and to initially cover the planted
seed with loosened soil discharged from under the milling cutter’s knife.

Analysis of recent research and publications. At present, many researchers tend to
agree and confirm that strip milling during potato planting is a promising method of soil
preparation. Specifically, strip milling of the row zone to the depth of potato planting
promotes the formation of an appropriate clod structure, enabling the coulter to create an
optimal planting bed and thus improving the conditions for plant development. Moreover, this
approach allows for significant energy savings during milling, as only the furrow formation
zone is cultivated [2, 4, 5, 9, 11].

In studies [1, 3, 6-8], the authors demonstrate the agrotechnical efficiency of high-
quality soil preparation, particularly strip milling, prior to potato planting and compare the
results with traditional soil preparation methods. The obtained results have a direct positive
impact on increasing potato yield. Other studies [10, 12, 13] indicate that a combined potato
planting machine, which integrates soil preparation with simultaneous planting and
fertilization, is effective. This approach significantly reduces the number of field passes and
ensures optimal planting conditions.
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In works [3] and [4], the interaction of working bodies with both the soil and the
potato seeds is elaborated, with constructive and kinematic parameters substantiated. These
studies emphasize the high effectiveness of milling for subsequent furrow formation.
However, issues related to modeling the trajectory of soil chip movement, its interaction with
the guiding casing, and the initial covering of potato seeds with soil remain insufficiently
developed.

The analysis of the literature confirms that these issues are highly relevant and require
scientific solution.

Statement of the task. The aim of the study is to justify constructive and kinematic
parameters of the milling module of the potato planting machine in order to ensure its
functions of soil loosening and grinding, along with the primary covering of potato seed in the
opened furrow.

Presentation of the main material. The use of strip milling in the potato planting unit
is intended to grind and loosen the surface soil layer to the depth of seed placement.
Moreover, the quality of planting depends on the type of soil that covers the seed. Therefore,
the idea behind combining working elements in the potato planting unit is to ensure that the
soil chips initially partially cover the potatoes in the furrow formed by the coulter. This can be
achieved by installing a protective casing on the milling drum. Its function is to deflect and
direct the soil chips, produced by the milling blades, into the open furrow. The second stage
of seed covering involves forming a small ridge using passive coverers from the soil within
the milled strip, followed by final ridge shaping with hilling shares using soil from the inter-
row space [1, 7, 8].

This study considers the first stage of potato seed covering — by soil chips formed
during the operation of the milling drum.

To model the operation of an individual blade of the milling drum, it is first necessary
to define its geometric parameters. The blade has an L-shaped profile and consists of i

segments of length L., which, together with the milling drum radius R, form corresponding
angles .. Such blades (both right- and left-curved) are mounted on the milling drum, which
rotates with an angular velocity o, .

The milling drum performs compound motion: it rotates about its own axis in the
horizontal plane (relative motion) and simultaneously moves forward with the machine

(translational motion). Thus, a specific point on the blade generates a position vector 7 with
respect to the axis of drum rotation. The initial position of the selected blade point has
coordinates (x,(¢);y,), where x,(¢) =V, t (V,, is the translational speed of the machine and ¢
is time).

Therefore, the coordinates of an arbitrary point on the cutting edge of the blade in
parametric form can be expressed as:

{x(t) = x,(t)+ (L, cos B, + L, cos 3, + L, cos f3,)cos a,t; 0

)=y, + (L1 cos S, + L, cos B, + L, cos ,B)sin ,t,

where w,¢ is the rotation angle of the blade point on the drum, measured from the horizontal

axis of the rectangular coordinate system;
L, cos B, L, cos f3,, L, cos f3, are the projections of the blade segments onto the radius R of the

drum, connecting the considered point of the blade to the axis of rotation.
The trajectory of the absolute motion of the blade point is the geometric sum of the horizontal
and vertical components of displacement (Fig. 1).

166



ISSN 2664-262X IlenTpansHOyKpainchkuil HaykoBHil BicHuK. Texuiuni Hayku. 2025. Bun. 12(43), 4. Il

Displacement, m

0 0.16 0.32 0.48 0.64 0.8
Time, s

Figure 1 — Trajectory of the absolute motion of the blade point at varying angular velocities
Source: developed by the authors

For the numerical calculation, the following parameters are assumed: the radius of the
milling drum R =0.25m,; its rotation frequency is tabulated within the range of 230 to 300
rpm (the solid line corresponds to @, =24.09 rad/s; the dash-dotted line — @, =27.75 rad/s;
the dashed line — @, =31.42 rad/s.); the forward speed of the machine ¥, = 0.5m/s.

To analyze the considered process, it is first necessary to examine the kinematic
parameters of an individual milling’s blade during operation.

If equations (1) describe the spatial position of a blade point, then the velocity vector
of the blade’s contact point with the soil is determined by the following expression:

I
dedr|y(®)] [y

By taking the time derivatives ¢ of expressions (1), we obtain the components of the
blade point velocity in expanded form:

{)’C(t) =V —aw,sin(w,t)(L, cos B, + L, cos B, + L, cos 3, ) 3)

Y(t) = @, cos(,t)(L, cos B, + L, cos B, + L, cos f3, ).

The change in the absolute velocity of the blade point is also characterized by the
geometric sum of its horizontal and vertical components

8, = X(t)" + 3(1)" . (4)

It is now necessary to analyze the behavior of a soil particle that moves freely after
detaching from the blade edge. This motion can be considered as a free flight of a particle
projected at an angle.

The initial velocity of the particle as it leaves the blade can be generally represented
by the following expression:

4, =k$,, (5)
where k € [0.5,0.9] is the coefficient characterizing the energy transfer from the blade to the

particle, which depends on the soil properties. In this study, we assume k =0.8.
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Since no additional constraints are applied in this model yet, the particle’s flight
trajectory will initially be analyzed using the classical equations of projectile motion at an
angle to the horizontal [3]:

x,(t)=x,,+39,, cosa-t; (6)

Y, ()=, +%, sina-t—05gt>, (7)

where x,,, y,, are the coordinates of the particle’s initial detachment point from the blade;

a 1s the particle’s launch angle (£ =¢,,)

_ >0
a= arctax{ ) j (8)

From a kinematic point of view, the detachment point will be considered as the
moment when the blade exits the soil while operating at a working depth 4 (we assume
h=0.06m).

Based on this, it is necessary to find the position of the milling drum ¢, = @,t, or the
time ¢, at which the considered point is at the soil surface boundary. This position
corresponds to the initial coordinates of the soil particle’s launch — (x,,; v, )-

It is advisable to determine this position using the relationship that connects the central
angle € of a circle with radius R (the trajectory of the blade point) to the height / (the
millage depth) of the segment formed by this circle.

The central angle @ in this case will be given by

0=2 arccos(l - ﬁ} . 9)
R

Then, half the length of the chord of this segment, which corresponds to the horizontal
displacement of the blade, will be equal to

X, =Rsin§. (10)

Based on the first equation in (1), we write the expression to determine the time 7,

1 X
loy =—— arccos(EhJ , (11)

@,

o

where @,, is the angular velocity of the milling drum, which determines the time when the

blade exits the soil at the given working depth 7% .
The coordinates of the detachment point will be:

X,, =R cos(27z - a)bat()a) (12)
Vo, =R sin(27z -yt ) (13)
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The obtained coordinates of the detachment point depend on the blade position,
considering that it exits the soil in the fourth quadrant of the coordinate axis at the working
depth’ .

The detachment angle of the particle is denoted by 27 -, 1, =@, -

The components of the initial velocity will be determined at the blade position
corresponding to the particle launch:

8,, =—0,Rsing, ; (14)

o

30, = O,RcOs . (15)

y

In general, the moment when the blade reaches the soil surface is characterized by the
velocity &, — the initial velocity of the particle’s flight at an angle a to the horizontal,

denoted as 9, - This velocity is the geometric sum of the horizontal and vertical components

of velocity at time £,

8., = k] £t )* + 9(t,)* - (16)

To determine the angle « at which the particle is ejected, expression (8) can be
rewritten in the form

X(Zo,)

a= arctan[Mj (17)

Having obtained the value of the angle &, the horizontal and vertical components of
displacement during the free flight of a soil particle ejected from under the milling’s blade can
be expressed based on relations (6) and (7). The graphical interpretation of the trajectory
components of the particle’s free flight is shown in Fig. 2.

1
0.875

Vertical displacement, m

w

Horizontal displacement, m

Figure 2 — Trajectories of free flight of soil chips
Source: developed by the authors

Thus, at this stage of the study, the main dependencies characterizing the free flight of
a soil particle - soil chips during the operation of the milling drum were established and free
flight trajectories were constructed at a given frequency of rotation of the working body.

Returning to the main objective of the work — the possibility of covering potato seed
with the formed soil chips — we summarize the process as follows:
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— soil moves along a parabolic trajectory after leaving the blade;
— particles collide with a protective casing having a radius of curvature R, , centered at

coordinates Xows Yoi s

— after impact with the casing, a particle either rebounds or slides down, falling at a
certain landing point x .

Therefore, it is necessary to select the shape and placement of the protective casing
such that the majority of the scattered or reflected soil particles fall into the zone of the potato
seed placement, that is

X, E[xk—5,xk+5], (18)

here, x, denotes the coordinate of the potato seed placement and +¢ represent the

boundaries of the soil covering zone.

The next stage of the study is to determine the behavior of the particle after collision
with the guiding protective casing.

The collision between the soil particle and the casing occurs at the moment when

Yo () = f(x(1)). (19)

Using condition (19), the collision time is determined.

The subsequent trajectory of the particle depends on the point of curvature of the
casing where the collision occurs.

Upon impact with the curved surface of the casing, the velocity vector decomposes
into two components:

the normal component

g =(9-nh; (20)
the tangential component

9 =56-9, Q1)

where n is the unit normal vector to the surface at the point of impact.
Then, after the collision, the particle will have a new velocity determined by the
expression

9, =—e8, + 9, (22)
where e is the coefficient of restitution, characterizing the elasticity of the impact, which
ranges between e € [O,l];

u 1s the coefficient of friction of the soil chips on the surface of the casing.

If the velocity after rebound is insufficient to form a new parabolic flight trajectory,
the particle simply falls off or slides along the casing surface.
Its acceleration will be

S

dt

=gsinf, — ugcosd,, (23)

where 6, is the local inclination angle of the casing at the point.

If we analyze the process of covering the planted potato in the furrow, it is continuous.
The cutting and falling of soil chips occur constantly, as the machine moves in translational
motion. Soil covers not only the planted seed but also fills the furrow opened by the coulter.
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Therefore, the outlined problem can ultimately be reduced to verifying the curvature
and placement of the guiding casing by setting the condition of ideal reflection of a soil
particle from its surface at a given moment in time and directing it into the target zone. This is
done to prevent the particle from returning after reflection back into the milling zone.

Particles that do not meet the condition of ideal reflection will slide down the casing
surface, which physically guides them into the furrow.

This means that the geometry of the casing must prevent the particle from reflecting
backward and instead direct it into the target zone. Considering a local moment in time, the
reflected particle that reaches the furrow level should have coordinates [xk -0,y ], that is, its
new trajectory must pass through this point.

Therefore, it is advisable to consider the inverse problem: to find the position of the
section of the casing curve such that the contact points of the scattered flight trajectories of
the soil chips, upon reflection, fall within the target zone.

To this end, we will analyze the initial conditions for forming the trajectory of the
reflected particle’s motion.

Let us find the collision point of a particle moving along a parabolic trajectory with a
casing of given curvature:

xa(t) =Xy, T ‘90a -cosa - 1
Ya0)= o, + 8y, -sina -1 -0.5g%; (24)
y(0) = f(x(@)).

Based on system (24), we derive a nonlinear equation with respect to time ¢

Vo, + &, sina-t—0.5gt> = f(x,, + %, -cosa-1)). (25)

Its solution is most easily implemented using a numerical method, but first, it is
necessary to define the curve describing the cross-section of the casing.

The most practical function may be a polynomial curve, for example, of the third
degree

(&)= f(a}x(l‘)3 +a2x(t)2 +ax(t)+a,), (26)

where a; are the coefficients that define the specified curvature on the designated segments of
the polynomial curve (i =0...3).

The root of equation (25), taking into account (26), will be the time ¢=¢,
corresponding to the moment and point of collision, that is K = (x(¢, ), y(¢)).

The tangent to the curve (26) at point K is given by its derivative

f'(x)= % =3a,x" +2a,x+a,. (27)

Relation (27) expresses the slope of the tangent at any point x on the casing.
The tangent angle at point K is

0, =arctg (f'(x4)), (28)
accordingly, the angle of the normal is
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T
0 =0+—. ¢ 29
=0t (29)

Then, given the known velocity at point K is Ik = (SX,S},), the angle of its motion will

be
Oy = arctg2(9,,9,) . (30)

In the problem statement, it was assumed that the particle undergoes ideal reflection —
corresponding to the trajectory with the maximum possible deviation, where the particle can
reflect toward the milling zone. In this case, the reflection angle of the particle at point K will be

0'.=20-0,. (31)

n

The obtained values of the reflection 8", , the velocity at point K and its coordinates

serve as the initial conditions for the particle’s flight trajectory after reflection until it lands on
the soil surface. The trajectory construction can be performed using relations analogous to (6)
and (7).

Analyzing the obtained flight trajectories of the particle (Fig. 2), it is evident that the
segments before collision with the casing have an almost linear character. Based on this and
using relation (26), a first approximation of the casing shape can be obtained that satisfies the
condition of targeted guidance of soil chips (Fig. 3).

Vertical displacement, m

o 02 0.4 0.6 0.8 1

Horizontal displacement, m

Figure 3 — Graphical dependencies for the study of the casing shape
Source: developed by the authors

In Fig. 3, the dash-dot line, the dotted line formed by points and the dashed line
represent the flight trajectories of the soil particle corresponding to those in Fig. 2, while the
thick solid line depicts the curve describing the shape of the casing.

The analytical expression for the casing curve is given by

$(x) =—0.78x" — 0.034x> — 0.089x + 0.35 . (32)

Adjusting the coefficients a, or even using higher-order polynomials, allows selecting

a shape of the casing curve or its segment that ensures directing the soil chips into the target
zone. This means that, with such an approach, it is possible to achieve the effect of primary
covering of potato seeds during strip milling in the design of a potato planting machine.
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Conclusions.The presented methodology allows for describing the geometric and
kinematic parameters of the milling drum blade, which is formed by several segments;
determining the ejection point of soil chips from under the blade, taking into account the
working depth; modeling the flight trajectory of soil chips with given initial velocity and
launch angle; investigating the range of trajectory dispersion under various parameters and
identifying the points and angles of interaction between soil particles and the guiding casing.

A polynomial function is proposed to describe the casing curve, where adjusting the
coefficients ensures the specified curvature over certain segments. This approach enables
combining theoretical solutions with practical implementation in the physical design of a
potato planting machine.

The process of particle interaction with the casing is described, including reflection,
sliding, and falling off. The dependencies of the tangent line at a given point on the casing
curve are formulated, and based on this, the reflection angle of the particle upon collision with
the casing is determined.

For the physical design of the milling module of the potato planting machine,
parameters of the casing curve have been established that allow reflecting and directing soil
chips into the target zone for the primary covering of potato seeds. The achieved effect in this
numerical experiment can be obtained for the given design and kinematic parameters of the
milling module using the following coefficients of the polynomial curve (26) for the casing:
a,=-0.78; a, =-0.034; a,=-0.089; a,=0.35.
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Tepnoninbcokutl HayioHaLHUL MmexHiyHul yHigepcumem imeni leéana Ilymos, m. Tepuonine, Ykpaina

OOrpyHTYBaHHS MapaMeTpiB MOAYJISl IATOTOBKY IPYHTY KapTOIJIENOCAT09HOI MAIIMHHA

VY crarTi HaBeAEHO OOIPYHTYBAaHHS KOHCTPYKTUBHHX Ta KiIHEMAaTHYHUX MapaMeTpiB MOIYIS MiATOTOBKH
IPYHTY Y CKJIaJi KapTOIUIENOCaJ0YHOI MAIlIMHH, 110 3AIHCHIOE CMyroBe (pe3epyBaHHs Ta 3a0e3reuye NepBUHHE
NIPUCHIIAHHS HACiHHS KapToruli. Po3po0sieHO METOMuKY, sKa J03BOJISE OIMCATH T€OMETPUYHI Ta KiHEMaTHYHI
XapaKTepUCTUKHN (pe3epHOro OapabaHa 3 HOXKaMM CKJIagHOI (OpMH, BU3HAYATH MOYATKOBI YMOBH BHJIBOTY
I'PYHTOBOI CTPY)KKH, MOJIETIIOBATH il TPAEKTOPiI0 PyXy Ta B3a€MOMII0 3 ITOBEPXHEIO HAIPABIIAIOYOTO KOXKYyXa.
BcranoBieHO aHANITHYHY 3aJISKHICT JUIS ONMCY KPUBU3HM KOXYyXa, sKa 3a0e3nedye CIpsIMyBaHHS I'PYHTOBUX
YaCTHHOK Y IIUIOBY 30HY, I PO3MIIlIeHE HACIHHSI.

AKTyanpHiCTh poOOTH 3yMOBJIIEHA IOTPeOOI0 y MiABWINEHHI DIBHSA MEXaHi3allil HpoIeciB caaiHHS
KapToILTi B YMOBax JApiOHMX (epMEpChKUX Ta NMPHUBATHUX I'OCIIONAPCTB YKpaiHH, /1€ CKOHLEHTPOBAHO 3HAYHY
YacTHHY BaJIOBOI'O BHPOOHHWITBA KapTommi. IligBUIIEHHS $KOCTI IMocaaku Ta 3abe3nedyeHHs HeoOXimHOol
CTPYKTYPH IPYHTY Y 30HI pO3MIIIEHHS HACIHHS € Ba)XJIMBOIO YMOBOIO JUIsSi OTPUMAaHHSI BUCOKUX ypOXKaiB.

VY poboti mokazaHo, IO CMYroBe (pe3epyBaHHS € EHEproomajHOI0 Ta arpoTEXHIYHO JIOIIIBHOIO
TEXHOJIOTIEI0 MIATOTOBKM IPYHTY MNpH mocaiui kKapromwt. Ilpore 1 nocArHEHHS eQeKTy HEepBHHHOTO
NIPUCHIIAHHS HACIHHA TIPYHTOBOIO CTPY)KKOIO, HEOOXiJHO BpaxoBYBaTH HE JIMIIE KOHCTPYKIIIO HOXa, a H
XapakTep pyXy YacTHHOK IPYHTY Hicis iX BWIIbOTY. ToMy y poOOTi 3aIlpOIIOHOBAHO MOJIENb, KA JO3BOJISE
BH3HAYaTH KOOpAMHATH Ta KIHEMAaTWYHI XapaKTEePUCTHKM TIPYHTOBUX YAaCTMHOK IIpHM iX 3iTKHEHHI 3
HAIPaBIISIOYMM KOXKYXOM, a TAKO)K YMOBH 1X HOJAJIBIIOTO PyXY — BiZIOMBaHHS, OCHIIAHHS UM KOB3aHHSI.

Po3pobnennit minxin Aae MOXIMBICTH 3a0€3NEUUTH palliOHAJIbHY (QOPMY KOXKyXa, IO BHKOHYE
(YHKIIIO TIepeHanpaBieHHs] IPYHTOBOI CTPYXXKH y LiJIbOBY 30HY OOpo3HHM. 3arajoM, KOMOIHYBaHHS Pi3HHX
MOJYIIiB B OJHOMY arperari J03BoJsie 00’€QHATH MPOIECH MiATOTOBKM IPYHTY, MOCAJAKU 3 IiJUKHUBJICHHAM,
MIOYaTKOBOTO Ta OCTaTOYHOTO NPHKPWUBAHHS HACIHHS B OJHOMY TEXHOJIOTIYHOMY IPOXOJi, IO ITiJBHIIYE
e(PCKTHBHICTh Ta SKiCTh IIOCAKH.

HACIiHHAl KapTOILIi, IPYHTOBA CTPY’KKAa, NMOCA/Ka, CMyroBe ()pe3epyBaHHs, napaMeTpH, MOJCJIIOBAHHS,
aHaJIi3, HANIPABJIAIOYUI KOXKYX, TPAEKTOPIs MO1bOTY, NOAPIOHEHHSA, PO3NYIICHHS
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