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ABSTRACT

A geometric model and substantiated parameters of the surface of the cultivator sweep, equipped
with local strengthening elements have been developed. The minimum inclination angle of the guide is 27°,
which was taken into account when designing the sweep construction. The method of designing the
cultivator sweep surface, including the formation of the guide curve, the construction of the frame surface,
the determination of horizontal, frontal, profile sections and the construction of the scan, was developed. The
limits for changing the cultivator sweep parameters with local reinforcement elements are determined.

PE3IOME

ObrpyHmosaHi eeomempuy4Ha MOOefb | napamempu MOBEPXHi KyfbmueamopHOi nanu, OCHauweHol
efileMeHmamu f10KanbHO20 3MIUHEHHS. MiHiManbHUM Kymom Haxusy HarnpsiMHOI € Kym 27°, Kompudt cnid
nputivamu  rpu po3pobuyi KoOHcmpykuii nanu. Po3pobrneHo MemoduKy npoeKmyeaHHsI MO8EPXHi
KysibmueamopHOI nlanu, wo 6K4Yae ¢hopMyeaHHS Harpaess4dol Kpueoi, nobydosa KapKkacy M08EpXHi,
BU3HAYEHHS 20PU3OHMarbHUX, (OPOHMasnbHUX, npoginbHUX nepepisie i nobydosy po32opmkul.
BcmaHosneHo HacmynHi Mexi 3MiHU napamempig KyfbmueamopHOl fanu 3 JIoKaibHUMU efleMeHmamu
3MIUHEHHS].

INTRODUCTION

More than 60% of the Ukraine soils are deep, fertile chernozems (black soil) and more than 75% of
them is under cultivation (Slowinska-Jurkiewicz et al, 2013). Tillage tools apply direct energy to the black soil
in order to obtain some desired effect such as cutting, breaking, inversion or movement of soil (Biswas, H.S.,
1993). Seedbed preparation greatly contributes to the overall cost of farm operations, implying that
significant savings are possible through optimized design and development of tillage machinery (Shinde et
al., 2011). Modern trends in obtaining environmentally safe products require at least partial refusal of
chemical weed control (Dewangan and Rajput, 2017; Vasylieva, 2017; Vasylieva and Velychko, 2017). It is
recognized that the use of cultivators is the most effective engineering tool for weed control (Hanna et al.,
2000; Sullivan, 2003). There are basically three types of cultivators: field cultivators, row crop cultivators, and
rotary cultivators (Srivastava et al., 2008). Consequently, nowadays, requirements for the technical level of
cultivators are increasing. It is necessary to emphasize that the soil tillage is a process with high — energy
consumption (Gheres, 2014). The objective of mechanical manipulation of the soil designed to agricultural
production is to create favourable soil conditions and the environment for crop growth by changing bulk
density, soil granulometry size distribution and other characteristics (lvan and Deac, 2007; Rusu et al.,
2013).

The analysis of cultivators’ recent developments determines the following main areas of their
improvement:

- optimization of the machine overall layout;

- creation of fundamentally new working bodies;

- development of combined assemblies;

- increase of working bodies wear resistance;

- increase of the cultivator sweep cutting capacity;

- improvement of stability process in capture depth and width.
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The first three areas require fundamental theoretical and practical research (Kiss and Bellow, 1981;
Galat and Ingale, 2016). The remaining approaches are related to solving constructive problems. All
methods of extending the cultivator sweeps service life can be divided into two groups. The first group is
represented by operational methods including the following ones: sweep restoration by pulling; application of
various ways of sharpening the blade (Zhang and Kushwaha, 2004; Wang and He, 2002; Saxena, 2009).
The second group is represented by constructive methods: the execution of the sweep of the prefabricated
structure, solid alloy blade surfacing, application of local blade strengthening (Badegaonkar et al., 2009),
change in the geometry of the sweep surface (Hanna et al, 1993; Gheres M. I., 2014). The geometry of the
cutting edge or of the work surface contour of a tool for processing soil shows a particular importance in
minimizing the necessary energy for the working process (Tutunaru et al., 2014). The most common way to
improve the cultivator wear resistance is for a solid alloy to be applied on the blades. This method of
increasing wear resistance has been widely used due to the slight change in the design of cultivator sweeps
with a significant increase in service life. It was substantiated that reducing the thickness of the coating and
enlargement of the crumbling angle increases the sweeps impact strength (Shafi et al., 2007).

The objective of this study is to develop a geometric model and substantiate the parameters of the
cultivator sweep surface equipped with elements of local strengthening.

MATERIALS AND METHODS

The research methodology is based on the shape of the profile, depending on: the direction of the
elements orientation and the ratio of high-speed push and static vertical pressure. The main tasks of the
study were:

- to obtain the blade profile in the predefined configuration;

- to reveal correlation relations between the profile of the formed teeth and the parameters of the
local strengthening strips;

- to study the impact of introduced structural changes on the performance quality in comparison with
the standard design cultivator sweep.

Taking into account the cultivator sweep specific operation in the point zone, which occurs along the
line curve, on the basis of the deployed surface general model, a surface component has been proposed.
Surface parameters are shown in Fig. 1.
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Fig.1 - Scheme of the cultivator sweep surface parameters
(parameter meaning: b - width of sweep grip, mm; Z, - height of the cultivator sweep surface, mm;
k - inclination angle of the generatrix on the projection horizontal plane, mm)
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Component of the cultivator sweep surface with local strengthening elements are shown in figure 2.
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Fig. 2 - Component of the cultivator sweep surface with local strengthening elements

The sweep surface consists of a cylinder surface with an axial line OO, X and an area BB,C,C', which
are conjugated to the generatrix of the cylinder BB, . The cylinder has a radius I', and the normal N area,
taken from the point NO, has a slope to the horizontal area of the projection at an angle ¢, . The angle &, is
determined by the dependence

a,=90"-a 1)
where ¢ - the angle of crumbling, degree.

Thus, the scrolling guide surface consists of two lines: the arc of the circle OBB’

(X=x) +y*=r’ @
where X - the distance from the centre of the circle O1 to the coordinates; r - the radius of curvature of the
sweep point, mm. Straight line BC equation has the form:

y=1gyox+d; @3)
where d1 =X, — Y; -9y, . 7, - the angle of guide inclination, degree;

Xy and Y, - coordinates of the point B of a circle transition in a straight line

RESULTS
The coordinates of the transition point B will be determined by differentiating (2) and (3) by X.
dy d
—=1g and x_r 4+ _y=0
dx Vo o

Substituting in the second equation the expression of the first derivative from the first equation, and
taking into account that X, =TI, we obtain the first equation for determining the coordinates of the point B
X—r+y-tgy, =0 (4)
By adding to the equation obtained, the equation of a circle, we obtain a system for determining the
coordinates of the point B

X-r+y-tg-y,=0
5
(x=r)>+y*=r? ©
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Thus, the guide curve of the cylindrical surface of the sweep point will be the arc of the circle BOB’
y=yr’—(x-r)’ (6)
Generatrix for a cylindrical surface will be a line BB, defined by the system:
Z=19goX+X,,
y=r*=(x-r)’

We will write the equation of the sweep wings as an equation of an area passing through three points.
Two of them are the point of transition of the guiding point of the sweep B(Xg,yg,zg)and the point

()

C(x,,.,z,)- the extreme point of the sweep blade. These points lie in the horizontal area Oxy . The third
point N we define as being arbitrary. The area BB,C,C, rotating around the straight line BC, may take

any position, which will ultimately be determined by the coordinates of the point N . Thus, fixing two points,
B and C, and determining the inclination angle «, of the normal to the horizontal projection area, we fix the

coordinates Xy, yy and Z.

The equation of an area passing through three points B, C, N, looks like a determinant:

x_‘xe y_yg Z_Ze'
xc_‘xg yc_yg ZC_ZG’:O'
xN _x(; yN_y6 ZN_ZS

Let's expose it to minors and algebraic supplements:

yc_ys Zc_Ze 'xc_xg Z(’_ZK
(x—x,) (=) +
yN _ye ZN_Ze N_x@ ZN_ZS
X —X =
+(Z _ Zg) c 8 yL yg — O.
XN_Xe yN_ys

Applying the abbreviated notation for minors, we obtain the area equation from the general form:

Ay +By+C,+D=0 ®)

whereAzyc_y6 fe "2 ;B:xc_xg fc % ;C:XC_Xe Ye = Ye .

YN —Ye IN ~Zg XN —Xg IN —Zg XN —Xg YN — Ve
D:Byg_Axg_ng-

where D - the power of the dynamic pressure, N.
The inclination angle of the normal 1 to the bottom of the furrow is a,=90° —«,
where @ - the inclination angle of the area BB,C,C, which is the angle of crumbling.
The angle between two areas ¢ is determined by the dependence
AA + BB, +CC,
\/(AZ +B?+C?)-(A2+B2+C?)

where A, B, C - coefficients of the sweep area equation;

cosa, =

9)

4,,B,, C, - coefficients of another area

Imagine one of the areas as a horizontal area of the furrow bottom. Then, its equation will take the
form:

C,z=0. (10)
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Since the area (10) is horizontal, equation (9) will take the form:

C

CoSa, = - - > (11)

\/ A°+B°+C
In order to get rid of the radical in the denominator, we bring the resulting expression to the square:

2
, C
COS" o, = 5 5 5
A°+B°+C
Taking into account (8), the expression can be written in the form:
. _ c’
Cosal_y—y z —z ? X —X Zz —z 2
4 6 c 8 + c 6 c 8 + Clz

yN _yg ZN_ZG

Since Y, and X can be any positive numbers, then ticking

xN _xe ZN _Zs

V.-V, =R, z2.-2, =T, yy-VY, =K, x. =X, =E, Xy, =X, =F,

it is possible to solve the expression regarding Z, . So, we give the resulting expression in the form:

2 2

R T |[E T ., C°
+ +C =—u—,

K z F z Cos“

where Z =172, —1Z,.
Conducting transformations, we come to a quadratic equation:
2 2 1
az’ -2bz+C*(1-——)=0 (12)
COos"

where a=R’+E?* b=T(R-K+E-F)
As a result of the corresponding transformations, the coordinate Z, will be equal to:
Zy =2,%12,, (13)
where Z, and Z, - the roots of the quadratic equation (13).
Forming (, by which the local elements of the strengthening will be located, are determined by the
system and simultaneously lie in the area BB,C,C. This position imposes to the parameters k.l ,mk,

ml + N, the corresponding connection. To identify the nature of this connection we substitute the equation
of the coordinate area Y, Z, in the expression from the equation of the straight line.

A, +B-(kx+l)+C(mkx+ml+n)+D:0
With known values of the area coefficients A, B, C, which are determined by the coordinates of
the points B,C, N we obtain the equation for one of the line parameters as a function of the coordinate X
, for example, regarding the angular coefficient k
Ax-B:-1-C-m-1-1-n-D
(B+C-m)

Each generatrix ( is tangent to the curve R, which is the edge of the unfolding surface return and

k=—

has an angle of inclination to the horizontal area & .
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The equation of the return rib is determined by a system of equations:

m'l +m'l +n’
©mk + mk’
R:y, =kx+1,

R

z, =mkx+ml +n.

After removing the dependence of the parameter KfromX k = k(X) it is necessary to take the next step. It
is essential to determine whether the coordinates of the return ribs fall into an area limited by the wing area
BBlC1C. If this condition is not met, you need to change one of the functions M, lor N and repeat the
calculation. The straight-line guide, which is the initial form of the blade, is located at an angle to the direction
¥, of the cultivator sweep movement. In the process of work, due to the presence of local strengthening

elements, some teeth having a profile KE can be formed on the blade, as shown in Fig. 3.

Fig. 3 - Scheme of guide inclination angle substantiation
a - angular parameters of the strengthening elements and the tooth;
b - the forces influencing the particles when moving on the tooth profile

As a result of the sweep operation, the curvature increases, therefore, with the increase in working
time, the inclination angle of the tangent },at the point E will increase and in the limiting sense, it will

become equal to the angle of the establishment of the local reinforcement element y, =&, where ¢ -
inclination angle of the reinforcing element, degree. In accordance with the scheme (fig.3a), we will write the
relation of the angles between the tangent to the profile of the blade ), and the establishment of the
strengthening element:

H=&—) (14)
then
yn=E— U (15)
&= —H (16)
In its turn, the angle between the generatrix {J. and the guide is equal to:
& =&Y,
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where Y, =€E—8&; a7
and taking into account (16)
Vo =V —H—& (18)
Laboratory and field experiments have determined that the angle ﬂlin the established mode is
equal to the difference in the angle of the local reinforcement element installation &, with the inclination
angle y, of the tangent tE at the point E.is equal to:
B=n-7,=1°
Therefore, in order to substantiate the inclination angle of the guide y_, it is necessary first of all to
determine a limiting value ¥, that ensures movement of plant remains, plant roots or soil on the tooth profile.
The justification of the angle y, must be divided into two stages: a) initial work of the sweep when the tooth is
not formed yet. In this case g =0 and y; =y, . The angle y, is chosen from the condition of weeds cutting,
thus y =90° — ¢, , where @, - the angle of weed friction by metal, degree; b) the second stage of the work is
that the tooth profile begins to form, the tangent at the point £ being at an angle }, different from the
inclination angle of the guide to the motion direction. As the tooth profile forms, the angle ¥, increases and
reaches in the established mode, the value equal to the angle &, of the determination of the strengthening

elements. To determine the limit value of the angle y;, we take the following assumptions: weed or part of

the soil is in a homogeneous moving of soil flow, the mass of the weed or a part of the soil is concentrated at
the point.

If you move the sweeps in the soil to any part, whether it is plant residue, plant root or soil aggregate,
the following forces will act on the sweep profile: force of a dynamic push, N.

D=psv? (19)
which is decomposed into a tangent component
D, = psv®cos’ y,, (20)
and normal component: D, = pSV2 sin’ 71
Friction force: T=f.D,=fpsv’sin®y,, (21)

where p - soil density, kg / m %S - cross - section of a particle, m% VvV - speed of the working body

movement, m/s; f - friction coefficient.

The condition of the particle movement on the tooth profile will look as follows, when the force of the
tangent component of the dynamic push is higher than the friction 7' force

D; 2T, or, having substituted the values of forces, we have:
osvicos® y, = fosv?sin® y,.

By reducing on pSVz, we get a relation, in which there is only the inclination angle , and the

friction coefficient
cos? y, = f sin® »,
After conversion, we turn to the expression

tgy, < \/% : (22)

Choosing friction coefficient fis quite important. To make this choice, we consider the motion of

two particles M, and M, on the tooth profile KE in accordance with the scheme (fig. 3, b).
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Let the particle M, moving in front of the particle M, be a vegetative remain or the plant root with a
friction angle on the steel ¢,and, accordingly, the friction coefficient f3. Then the second part M, , the

proportion of the soil - with the angle of friction on the steel ¢, and, respectively, the friction coefficient f1 .
There are two possible case studies.
Case 1. The friction angle of the plant remains or the plant root on the metal ¢, and, accordingly, the

friction coefficient f3, bigger than the friction angle of the soil on the metal @, .

Then@,> @, and f3> @, , which leads to an excess of frictional force of the weed on a steel over the

friction force of the ground on the steel. At the same time, the force of the dynamic pressure will influence on
the weeds, determined by the formula (20). In this case, the force of the dynamic push Dtl must be higher

than the strength of the soil friction on the steel Dtl >T,. Therefore, to ensure weed movement, condition
(22) should look like:

7, <arctg( ) (23)

3max

where f3max - maximum friction coefficient of weeds on metal.

Case 2. The angle of weed friction on metal ¢,and, accordingly, the friction coefficient f3 is smaller
than the friction angle of the soil on the metal @, . In this case, @,<@, and f3<(p1 and, accordingly, the soll

friction strength on the steel exceeds the friction force of the plant remain on the steeIT1 >T3. Such values of
the friction angles lead to the fact that the force of the dynamic push will perceive the proportion of the sail,
while Dtl > Tl. In this case, the condition that ensures the movement of the weed and the soil, should look

like:

1
y, <arctg( [—) (24)
Imax
where flmax - the maximum friction coefficient of the soil on the metal.
For a general-purpose cultivator sweep it is necessary to take friction coefficient with highest
meaning.
Defining the angle } by the expression

7/0 = 7/1 - 70 (25)
find the inclination angle of the guide.

The values of the friction angles of the soil on steel are presented in Table. 1
Table 1
The boundaries of changing the friction angle of the soil on the steel

) The friction angle of the soil | The coefficient of soil
Soil texture on asteel, ¢, [degree] friction on a steel, fl
Sandy 26°30'...35° 0,499...0,7
Light and medium loam 19°30'...26°30' 0,354...0,499
Heavy loam and clay 31°...42° 0,601...0,9

Heavy loam and clay have the largest angle of friction ¢, =42°. The maximum friction angle of the

plant roots on the steel is ¢, = 44°40'. The values of the inclination angles are determined based on the data

given and in accordance with formula (25).

The results are shown in Table. 2. As it can be seen from Table 2, the minimum inclination angle of
the guide is 27°, which was taken into account when designing the sweep construction.

The experimental samples of the sweeps installed KPS-4, which were aggregated with a tractor DT-
75M, are shown in fig. 4.
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Table 2
The variation range of the inclination angle of the generatrix depending on the soil texture
The friction angle of the | Maximum friction Inclilnation ¢
. . angle of crop residues angle 0
Soil texture soil on a steel, @, eneratrix
on steel, (), [degree] 9 Yo
[degree] [degree]
Sandy 26°30...35° 37° 27°
Light and medium loam 19°30'...26°30 37° 27°
Heavy loam and clay 31°...42° 37° 31°

Fig. 4 - Experimental samples of sweeps

Conditions of conducting experiments: speed up to 2.3 m / s, soil — ordinary molisol, soil texture —
medium loam, relief - smooth, microrelief - levelled, background on the field - remains of corn stalks with
length from 4 ... 7 cm to 24 cm, in quantities from 1-2 to 3-6 p /m?. The soil moister is 19.1% and the
hardness of the soil is 529 kPa.

CONCLUSIONS

1. A geometric model and substantiated parameters of the surface of the cultivator sweep, equipped
with elements of local strengthening, have been developed.

2. The method of designing the surface of the cultivator sweep, including the formation of the guide
curve, the construction of the frame surface, the determination of horizontal, frontal, profile sections and the
construction of the scan, has been developed.

3. The following limits for changing the parameters of the cultivator sweep with local reinforcement
elements are determined: the width of the capture b = 230, 270, 330 mm,; radius of sweep point I = 20...40
mm; angle of deflection of wings 2y = 70...73% angle of deflection & = 27...30° angle of application of

reinforcement elements to the blade & = 20 ... 30°; step of reinforcing elements along the blade he: 30...40
mm; reinforcement elements length |e= 40...50 mm; reinforcement elements overlap Aé= 10...15 mm,;

reinforcement elements width S, = 3...5 mm; reinforcement elements thickness S =1...2 mm.
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