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ABSTRACT

A holistic analytical model of a concave disk, which is arranged in a three-dimensional coordinate system
with a given direction of unit motion along OY-axis, has been developed. It includes the design parameters
of a disk and the depth of soil tillage. An interrelation between an incidence angle and a roll angle of a disk
under a set value of a back angle at field surface level has been determined.

PE3IOME

Po3pobneHo uinicHy aHanmimu4Hy mMolesib cghepuyHo20 OUCKa, po3mauwiogaHo20 8 Mpocmoposil cucmemi
KoopOQuHam 3 3adaHumM HarpsMom pyxy aspezamy 830oex oci OY. [Jo Hei 8x005imb KOHCMPYKMUBHI
napamempu Oucka ma enubuHa obpobimky rpyHmy. BcmaHoerneHO 83a€MO38’s130K MK Kymamu amaku i
KpeHy Oucka 0s1s1 3a0aH020 3Ha4YeHHS 3amuiibHO20 Kyma Ha pieHi mo8epxHi noss.

INTRODUCTION

The design parameters of a disk and the angles of its installation influence the technological process
of unit operation (turning and breaking up soil, cutting nutrient residues and their mixing up with soil, disk
width etc.). Each parameter has its specific influence on the technological process flow. For example, an
incidence angle increase results in the improvement of mixing up soil with nutrient residues and a disk
width increase, however, angular velocity of rotation can be decreased due to disk drawing and, as a result,
clogging of space between disks with soil and nutrient residues. If disks are installed upright, soil takes up
mainly tearing and shearing strains, the height of its lift is small and as a result it does not mix well with
nutrient residues. If there is a deflection in the upright direction of a disk blade through the so called roll
angle, the moving is improved, but it is the case only to a certain increase in the value of this angle.

Main geometrical characteristics of a disk of specified dimensions and setting angles, which
determine its operating capacity at a certain depth of tilling, are the following: a back angle and a slope
angle of generators of a cone of grinding (Zaika P.M., 2001). A back angle is changed according to the
depth of soil tillage: it is a maximum at a furrow bottom and its value decreases as field surface is
approached. At field surface level its value must range from 3%1to 5° in some cases it may equal to zero
(zaika P.M., 2001). In upper sections, that is above the field surface, this angle will decrease still further
and its smallest value will be reached in diametric section, but all these sections are outside the soil and are
inactive. Under a negative value of this angle in the operating area, a disk, leaning with its back on a furrow
bottom, rolls out to the field surface, thus the depth of soil tillage decreases. Disk setting angles (incidence
angle and roll angle) influence the value of a back angle. It is important to choose their correct combination
in order to provide a specified value of a back angle at field surface level.

Designing of disk soil tillage implements has been considered in the paper (Zaika P.M., 2001) and
other research works (Sineokov G.N. and Panov .M., 1977; Hevko R.B. et. al., 2012; Hevko R.B. and
Klendiy O.M., 2014; Hevko R.B. et. al., 2014; Hevko R.B. et. al., 2015). There are scientific works fully
devoted to this subject (Strelbitskii V.F., 1978; Tsimmerman M.Z., 1978; Blednyx V.V., 2010;
Posmetyev V.I. et. al.. 2013; Demydenko A.l. et. al., 2009). More specified works investigate different
aspects of the improvement of the quality of soil tillage by means of such implements (Hrynenko O. and
Lebedev S., 2011; Haponenko O.l., 2012; Soxt K.A., 2014). Prospects of further improvement of disk and
other sail tillage implements have been considered in the paper (Heruk S.M. and Petrychenko E.A., 2014).

13



Vol.49, No.2 /2016 INMATEH —Agricubtusal Engineeting

MATERIAL AND METHOD

A disk is characterized by the following design parameters (Fig.1, a): diameter D, radius of a sphere
R, angle o of slope of generators to a cone axis with its vertex in the middle of a sphere and which leans
against the cutting edge of a disk, angle & of slope of generators of a cone of grinding to cutting edge area
and a cutting-point angle i. There are relations between them:

D =2Rsingc; o=i+o. (1)
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Fig.1 - Picture of a soil tillage disk: a) crosscut; b) axonometry

If OY-axis is taken as a direction of unit motion, taking into consideration an incidence angle a and a
roll angle B in a three-dimensional coordinate system OXYZ, concave disk parametric equations can be
written down as follows (Pylypaka S.F. and Klendii M.B., 2016):

X = R(cosucosa cos S —sinusinvsina +sinucosvcosasin f);
Y = R(cosusina cos S +sinusinvcosa +sinucosvsinasin f); @

Z = R(—cosusin S+sinucosvcos ),

where v and u — independent variables of the surface; v being an angle of rotation of a variable point of a

sphere about OX-axis along the parallel (v=0...2m); u being an angular coordinate of this point along the

meridian, the reading of which begins at the cross point of OX-axis and the surface of a sphere (u=0...0).
Analogically, the equations of the surface of a cone of grinding can be written down as follows

(Pylypaka S.F. and Klendii M.B., 2016):
X =r[utgscosa cos S —(1—u)sinvsina + (1—u)cosvcosasin B;

Y =r[utgdsinacos S+ (1-u)sinvcosa + (1—u) cosvsin asin S; 3)

Z =r[-utgssin B+ (1—u)cosvcos 4],
where v and u — independent variables of the surface; v being an angle of rotation of a variable point of a
cone about OX-axis (v=0...2m); u being a rectilinear coordinate of this point along the generator of a cone,
the reading of which begins at its base; r -radius of the base of a cone.

Fig.1b shows the back surface of a concave disk, constructed from the equations (2), and the surface
of a cone of grinding under a=8=0, constructed from the equations (3). In this case a cutting edge is in the
plane of ZOY. For better visualization, the surface of a cone of grinding is darkened. If a disk is arranged in
such a way, it does not perform its task when moving along OY-axis; it will only rotate and leave a mark in
the soil. In order to make it cut and turn the sall, it is necessary to select an incidence angle by rotating the
cutting edge plane about OZ-axis in such a way as to build the angle a between it and the plane of ZOY.
This angle has its limits, because as it increases, there is a point at which the angular velocity of disk
rotation can decrease due to its drawing. In order to have better visualization of disk installation, taking into
consideration the back angle, a nonworking incidence angle is selected to be a=90° such that the disk

does not rotate.
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If the cutting edge plane is positioned at a right angle to the direction of unit motion along OY-axis
(a=90°, Fig. 2), soil undergoes deformation due to its simple shearing away from the direction of unit motion
without disk rotation. In this case the back angle is invariable at a specified depth of soil tillage. In case of a
disk that is deepened into the soil at the depth of the radius r=D/2, the back angle ¢ on the field surface will
be equal to (90° -6) on both sides of a disk (Fig.2, side view). It is built as a result of the section of a cone
by the field surface plane, which in this case passes through the vertex of a cone. The back angle
increases as the cutting plane approaches a furrow bottom. For example, at distance a from a furrow
bottom it accounts for €, and is built by a tangent to a hyperbola — a correspondent horizontal plane section
of a cone — with the direction of unit motion. Thus, if the depth of soil tillage is specified by a, the least value
of the back angle from top to bottom of a furrow will be at field surface level and will account for ¢,.
Difference with the angle 90° -6 will be A¢ (Fig.2).
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Fig.2 — Three projections of a cone of grinding under the nonworking incidence angle a=90°

Now, an operating incidence angle is selected to be equal to the angle of disk grinding: a=6. In this
case, the outside generator of a cone coincides with the direction of unit motion, which can be seen in the
side view (Fig.3). If a disk is deepened to a half of its height, in other words if a field surface plane passes
through its vertex, the back angle at field level will be equal to zero, that is to say there might be friction of
soil against the surface of a cone of grinding. But if a disk tills the soil at a depth of a under the same
incidence angle a=0, the back angle at field surface level will be equal to A¢ (Fig. 3).

It is necessary to determine the value of this angle, since the specified value of a back angle must be
3°-5°, otherwise as the back angle increases, the incidence angle a and the cutting angle y (y=¢+i) will
increase as well. The determination of the angle As does not depend on the value of the incidence angle a.
But in order to simplify analytical calculation, it is to the purpose to select a=90°, which corresponds to Fig.
2. Under the value of a=90° and B=0 (roll angle is nonexistent), parametric equations of the surface of a
cone of grinding (3) can be written down as follows:

X =-r[@-u)sinv];
Y =urtgo, 4)
Z =r[(d-u)cosv] ,

Where: r=D/2=R sin ¢ according to (1).
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Fig.3 — Side view of a cone of grinding under roll angle a=6

We shall find the curve of the surface section of a cone of grinding (4) by the horizontal plane of a
field under the specified depth a of soil tillage. In this case a coordinate Z of a field surface level will be
equal to Z=-a+r — const. We shall equate this value to the last equation (4) and we obtain:

r[@d—u)cosv]=-r+a )

The equation (5) is an intrinsic equation of a hyperbola — a cone section, which establishes
interdependence between variables u and v of the surface of a cone. It can be solved as u=u(v) or v=v(u).
Both variants are given below:

. r(1+cosv) a; ’ =ArccosL_ ©
I cosv r(l-u)

The substitution of one of the expressions (6) in the equation (4) gives parametric equations of
hyperbola —section of a cone of grinding at a height of a from a furrow bottom. In order to build it, it is better
to use the first expression (6), which gives two half-hyperbolas, whereas the second one gives one. But it is
to the purpose to use the second one when determining the angle Ag, which has one side that is tangent to
a hyperbola at its tie point with a blade, that is to say under the value of u=0, whereas in the first expression
the value of variable v for this point must have been determined. If we substitute the second expression (6)
in the cone equation (4), we obtain the equation of its section by field level plane under the specified depth
of tillage a:

x:\/rz(l—u)z—(a—r)z; y=urtgs. @)

The direction of a tangent line can be determined by the differentiation of the expressions (7) in
variable u:

r’(1-u)

X! — .
Jri(a-uy —(a-ry
We determine the angle between OY-axis and the tangent (Fig. 2) from the expression:

' r(l—u)ctgo
&, :Arctg£,=Arct ( ) 9

y g\/rz(l—u)z—(a—r)2 |

The expression (9) under u=0 provides the value of the angle of the tangent to a hyperbola at its tie
point with a blade. The angle A¢ is determined as the difference between the angles (Fig. 2): As=ea—(90°-6).
Taking into consideration the above mentioned, we can write down the following:

y': rtgé (8)

©)
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rctgo T
Aa‘:ga—(900—5):Arctg%—(z—5j. (10)
r*—(a-r)

For example, we shall take a disk with the specified design parameters of a cone of grinding and the
depth of soll tillage (taken from the scientific work (Zaika P.M., 2001): 5=39,2% r=225 mm; a=80 mm. The
substitution of these data into the expression (10) results in (the value of the angle é must be substituted in
radians): Ae=0.13 rad = 7.2°. Thus, if a disk is arranged under the incidence angle a=5 (Fig. 3), the back
angle at field surface level is €,=A¢=7.2°. Accordingly, the incidence angle can be adjusted in such a way
that the back angle obtains a specified value (for instance £,=3°). If we reduce the incident angle by Ae, the
back angle ¢, at field surface level will be equal to zero. Thus, in order to obtain a specified value of the
back angle, the incidence angle must be reduced by the value of Ae-¢,. In his case the incidence angle is
obtained from the expression: 6-(A¢-¢,), since the initial incidence angle is a=6 according to Fig.3. In our
case the incidence angle reaches a=5-A¢+¢,=39.2%-7.2°+3°=35°. The same result is given in the paper [1],
but it has been obtained not on the basis of a holistic three-dimensional model, but on the basis of
projections. The analyzed procedure of obtaining the incidence angle a under the specified parameters of
a cone of grinding, the depth of soil tillage a and the back angle ¢, is demonstrative but long. It would be
easier to obtain the angle between the tangent to a hyperbola — the section of a cone of grinding turned
though the incidence angle by horizontal plane of field level — and the direction of unit motion. It should be
obtained similarly to the analyzed case, in which we took a=90°, B=0 in the equations (3). Under the
specified value of the angles a and =0 we obtain the equation that is similar to the equation (9), which
includes the angle a, that is to say one can find the back angle ¢, under the specified a, or vice versa, one
can find the incidence angle a at vertical mounting of a disk under the specified back angle ..

The developed three-dimensional model gives the opportunity to determine not only the incidence
angle a, but also the roll angle B of a disk, under which the availability of the specified back angle ¢, is
provided, since if there is an additional vertical deviation of the blade plane of a disk through the angle S,
the back angle ¢, will change. Thus, using the analogical approach, one can determine the dependence (9),
which interrelates the angles a, 8 and ¢, (that is to say under 8#0). This expression will certainly be more
cumbersome than (9). Its closed form (at u=0) is the following:

B \/a(Zr cos S —a) cosa tgd —sin a[r cos ffseco cos(f+0) + asinﬂtg&]
\/a(Zr cosﬁ—a)sin atg5+003a[r cos fFsec o cos(f +0) +asinﬂtg§] '

tge,

11)

RESULTS

The expression (11) determines a dependence of the design parameters of a cone of grinding (r and
0) and the angles a, B and ¢, at the specified depth of soil tillage a. On substituting the values of the disk
angles a=35°, B=0°, the parameters of a cone of grinding r=225 mm, 6=39.2° and the depth of soil tillage
a=80 mm into it, we get the value of the back angle £,~3", that is to say the result, which was previously
obtained. By the expression (11) one can determine a dependence a=a(f) with the known design
parameters and the specified back angle ¢, and the depth of tillage a. Fig.4 graphically illustrates such a
dependence.

50
&, deg

45}

40t

35

B deg
30 . : . .
0 5 10 15 20 25 30

a)

Fig.4 — Graphic illustration of disk installation with design parameters r=225 mm, 5=39.2°,
depth of soil tillage a=80 mm and specified back angle £.=3"
a) graph a=a(B) of incidence angle versus roll angle;
b) horizontal plane section lines at field level under different disk angles
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As the graph suggests, vertical deviation of a disk plane results in the increase of the incidence angle
a. If the roll of a disk is nonexistent (,8=0°), the minimum value of the incidence angle, which provides the
specified back angle £,=3°, must be a=35". If we set the roll angle of a disk f=15°, the back angle must be
increased by 5° (Fig. 4.a). We can determine the precise value of the incidence angle in this case - a=40.2°.
Accordingly, if 8=30°, the incidence angle is a=49.4°. For better visualization horizontal plane sections of a
cone of grinding at field level for all three cases have been prepared. Fig. 5 illustrates such a section for
disk installation under angles 8=30°, a=49.4°.
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Fig.5 — Rectangular projections of a cone of grinding:
a) front projection and side view;
b) additional view in direction A, when a blade plane is projected on a straight line

The symbols are the following: V — direction of speed motion of a unit, d —grip of a disk at field level
(front projection of an intercept of soil entry points of a blade). If the incidence angle § is present, the angle
between the lower generator of a cone and a furrow bottom decreases by its value. In our case it is equal to
90°-(30°+39.2%=20.8°. The back angle at the lower point of a disk depends on it.

Fig.4.b combines three sections of a cone of grinding for three values of the roll angle (8=0°, B=15"
and B=30°) with the corresponding incidence angles and under the specified value of a back angle €,=3°. It
shows, that the distance d increases with the increase of the roll angle (and the correspondent increase of
the incidence angle), which results in the increase in the grip of a disk. However, this is inferred based only
on providing the value of the back angle, which does not prevent a disk from being deepened into the soll
without taking into consideration the requirements for cutting and mixing crop residues with soil.
Uncontrolled increase of the incidence angle under the increase of the roll angle may cause disk drawing.
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CONCLUSIONS

Due to the developed holistic three-dimensional model of disk arrangement one can calculate all the

necessary data of disk installation for soil tillage with the specified design parameters. It allows getting the
values of an incidence angle and a roll angle under which a specified back angle is provided and vice
versa, it allows determining the value of a back angle under specified values of an incidence angle and a
roll angle. Besides, one can get the curves of horizontal plane section of a cone of grinding at any level of
tillable soil. The indicated parameters are merely geometrical and are not connected with the technological
process flow. In order to interrelate geometrical and technological parameters it is necessary to use the
developed model when investigating the interaction between a disk and soil.

REFERENCES

[1]

(2]

(3]

[4]

[5]

[6]

[7]
(8]

9]

[10]

[11]

Blednyx V.V., (2010), Arrangement, design and engineering of soil tillage tools. Tutorial (YcTtponcrso,
pacyeT U MNpOEeKTUpoBaHWe novsoobpabaTbiBaOWMX opyaun. YdyebHoe nocobue). CGAA, p.160,
Chelyabinsk;

Demydenko A.l., Snigerev D.S., Vaymer E.Y., (2009), On the development of the working body of the
milling for cutting slits (K Bonpocy cosgaHuna dpesepHoro paboyero opraHa Ansi Hapesku Lenen).
Materials of the 63rd Scientific and Technical Conference "SibADI” GOU (Mamepuaribi 63-0 Hay4HO-
mexHu4eckol koHgpepeHyuu FOY "CubAN"), Book 1, pp. 240-243, Omsk;

Haponenko O.l., (2012), Programming of the uniformity of tillage by disk operating elements with
spring tines ([NporpamyBaHHs PiBHOMIPHOCTi 06pOBITKY AUCKOBUMU POBOYMMM OpraHaMm Ha NpPYXHUX
ctivikax), Collection of scientific papers of Vinnytsia National Agrarian University. Part: Technical
Sciences (36ipHuUK Haykosux npaub BiHHUUbKO20 HauioOHafibHO20 agpapHo20 yHisepcumemy. Cepisi:
TexHiynHi Hayku.), Ne 11, Vol. 2 (66), pp.135-141, Vinnitsa;

Heruk S.M., Petrychenko E.A., (2014), Development trends in designing sowing units (TeHaeHuii
pPO3BUTKY KOHCTPYKUiA nociBHuX arperatiB), Technical Servicing of agroindustrial, forestry and
transportation complexes (TexHi4HUU cepeic a2pornpomMucio8oeo, rlico8020 mMa MmpaHCropmHoO20
komrinekcig), Ne 1, pp.31-45, Klyiv;

Hevko R.B., Dzyura V.O., Romanovsky R.M., (2014), Mathematical model of the pneumatic-screw
conveyor screw mechanism operation, INMATEH-Agricultural Engineering Journal, vol.44, no.3,
pp.103-110, Bucharest/Romania;

Hevko R.B., Synii S.V., Osuhovskyi V.M., (2012), The new compact potato harvester (Hosui
mManorabaputHun kombarH gna 36upanHs kaptonni), Journal of Engineering Academy of Ukraine
(BicHuk iHxXeHepHoi akademii YkpaiHu), Ne 3-4, pp.72-76, Kyiv;

Hevko R.B., Klendiy O.M., (2014), The investigation of the process of a screw conveyer safety device
actuation, INMATEH-Agricultural Engineering Journal, vol.42, no.1, pp.55-60, Bucharest;

Hevko R.B., Zalutskyi S.Z., Tkachenko I.G., Klendiy O.M., (2015), Development and investigation of
reciprocating screw with flexible helical surface, INMATEH-Agricultural Engineering Journal, vol.46,
no.2, pp.133-138, Bucharest/Romania;

Hrynenko O., Lebedev S., (2011), Investigation of the vibration of disk soil tillage equipment
(OocnigpkeHHs1 konvMBaHb ANCKOBUX I'PYHTO06pOo6HMX 3Hapsiab), Technical and technological aspects
of the development and testing of new machinery and technologies in agriculture of Ukraine:
collection of scientific papers L. Pohorilyi UNDIPVT (TexHiko-mexHOo2iyHi acriekmu po3sumky ma
8urnpobysaHHs1 HOBOI MeXHIKU i mexHonoail 055l Cinbcbko20 eocrnofapcmea YkpaiHu: 36. Hayk. npaub
YkpHAIMNBT im. J1.Moaopinoezo), Investigative, Issuel5 (29), pp.50-53;

Pylypaka S.F., Klendii M.B., (2016), Analytical model of concave disk mounting for soil tillage for the
determination of geometrical and technological characteristics (AHaniTuyHa mogenb YCTaHOBKM
rPYHTOOOPOOHUX  CEpPUYHMX OWCKIB AN BU3HAYEHHS TEOMETPUYHMX Ta  TEXHOSOTYHUX
xapaktepucTuk), Scientific Bulletin of NULES of Ukraine. Part; Technology and Power Engineering in
AIC (Haykosul esicHuk HYBIll YkpaiHu: Cepis “TexHika ma eHepeemuka AlIK”), Vol. 241, Part.1,
(ISSN 2222 - 8594), pp.104-115, Kyiv;

Posmetyev V.1., Zelikov V.A., Latysheva M.A., (2013), Condition and ways of solution of the problem
zaglublyaemosti of the spherical disk working organs of tillers forest (CoctosiHue n nytu pelueHus
npobnembl 3arnyonsemocTu cchepmryecknx ONCKOBbIX pabounx OopraHoB NeCHbIX

19



Vol.49, No.2 /2016 INMATEH —Agricubtusal Engineeting

[12]
[13]
[14]
[15]

[16]

noysoobpabaTbiBatoLLmx opyaun), Voronezh Scientific and Technical Gazette (BopoHexckul Hay4HO-
mexHu4eckul eecmHukK), p.218, Voronezh;

Sineokov G.N., Panov I.M., (1977), Theory and design of soil tillage machinery (Teopusa n pacdet
noysoobpabaTbiBatoLmx MawmvH), Mechanical Engineering (MawuHocmpoeHue), p.311, Moskow;
Soxt K.A., (2014), Disk harrows and disk stubble ploughs. Tutorial (Juckoebie 60poHbI U
NywunbHUKU. Y4ebHoe nocobue), KGAU, 2014, p.164, Krasnodar;

Strelbitskii V.F., (1978), Disk soil tillage machinery (Quckosble noyBoobpabaTbiBatoime MaLlnHbI),
Mechanical Engineering (MawuHocmpoeHue), p.218, Moskow;

Tsimmerman M.Z., (1978), Operating elements of soil tillage machinery (Paboune opraHbi
noysoobpabaTtbiBatowmx MawuH). Mechanical Engineering (MawuHocmpoerue), p. 162 pg. Moskow;
Zaika P.M., (2001), Theory of agricultural machinery (Teopis cinbcbkorocnogapcbkux matumt), Vol. |
(Part 1), Machinery and tools for soil tillage (Mawu+Hu ma 3Hapsidds dns o6pobimky rpyHmy), Oko,
p.444, Kharkiv.

20



