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ABSTRACT

The present paper concentrates the main attention to the description of the method of virtual
reality for creation a disk-ridging tool and to study its complex working process. The influ-
ence of the angular velocity of rotation of the disk—ridging tool and its adjustment angle to
the quality of virtual tillage and to the force system, applied to the blades of the virtual disk
ridging tool, is studied. The method of virtual reality is illustrated by the virtual projections of
a single blade, by the virtual projections of assembly of the blades of the disk-ridging tool
and by the processed virtual regions. The force systems, applied to a single blade and to the
assembly of the blades of the disk-ridging tool, are characterized by graphs of the dependen-
cies of the forces and moments on the angle of rotation of the disk—ridging tool. Substantial
dependence of the quality of the virtual processing a lateral surface of a virtual ridge on the
value of the adjustment angle and on the angular velocity of the disk—ridging tool is detected.
The results of this paper can be used by designers of potato field tillage machines with the
forced driven disk—ridging tools, by the agricultural engineers, using the features of computer
graphics, and by the users of modern computer package Mathcad.

1. INTRODUCTION

Low reproduction coefficient and high cost of seed potatoes have prompted the need for new
technologies. Sinijérv (1982) has made a proposal for a new technology of growing seed po-
tatoes, including the increasing the growing space of potatoes step by step. This technology,
as well as the idea of creating a new combined wide row potato field tillage machine, had
been described by Olt (2001) and Olt, Heinloo (2001c¢) in details. Thorough study of the
working process of the rotating free—active tools, driven only by soil, in the structure of this
machine had been made by Olt (2001) in the thesis for PhD in Agricultural Engineering. The
results of this thesis were published by Olt (1999), Heinloo, Olt (2000), Heinloo, OIt.
(2001a—c, 2002a) and reviewed by Heinloo, Olt (2002b—c).

Figure 1. The principal scheme (a) of the combined
wide row potato field processing machine and its
- working process (b), where

1- supporting wheel,

2 — S-tine,

3 — free-active circular links,

4 — duckfoot shear,

5 — free-active disk—ridging tool,

6 — ridge bottom former,

o — angle of attack,

Ac — shift of the S-tine,

vm — speed of the machine
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The principal scheme of a new combined wide row potato field tillage machine, described by
Olt (2001) and Olt, Heinloo (2001¢) in details, is seen in Fig. 1.

Fig. 2 shows the first combined wide row potato field tillage machine created, according to
the scheme in Fig. 1, for the experiments. The results of the experimental study on the ability
of disk—ridging tools in moulding ridges of a potato field are discussed by Olt (1999) in de-
tail.

Figure 2. The combined wide row potato field tillage machine for the experiments

Heinloo, Olt (2004a, 2004b, 2004c), differently from their previous papers, have presented
the results of study a forced driven disk-ridging tool, driven by transmission from tractor in
the structure combined wide row potato field tillage machine.

This paper concentrates the main attention to the description of the method of virtual reality
on creation a disk-ridging tool for the combined wide row potato field processing machine,
supporting the new technology of growing seed potatoes of Sinijarv (1982).

2. DESCRIPTION OF A DISK-RIDGING TOOL

In the present paper a disk-ridging tool is considered as a disk of radius ry with trapezoidal
o the radial direction of the disk.

Figure 3. The scheme of the disk—ridging Figure 4. The scheme of the ridging tool on a
tool lateral surface of a potato ridge

The trapezoidal blades of the disk—ridging tool have the width d and the angle of inclination ¢
to the plane of the disk of the disk—ridging tool. The disk—ridging tool has an angle of attack
a (Fig. 5) to the direction of its forward motion together with whole machine and the angle of
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inclination g (Figs. 4, 5) to the lateral surface of the ridge. The disk-ridging tool has the
complex motion in the structure of potato field tillage machine: it traversing together with the
whole machine and rotates relatively to the frame of the machine.

Fig. 4 shows the disk-ridging tool in a working position on the lateral surface of a ridge of a
potato field. According to the agricultural engineering requirements the tolerance between the
upper edges of the lateral surface of the potato ridge is ¢ and the distance between the centre
of disk and the lateral surface is H.

3. DETERMINATION OF POSITIONS OF A DISK-RIDGING TOOL

The positions of the disk-ridging tool can be determined by the co-ordinate systems, shown
in Fig. 5. The axes of the motionless observation system Oxyz are directed as follows. Axis
Oz is perpendicular to the lateral surface of the ridge. Axis Oy is perpendicular to the axis Oz
and shows the direction of traversing of the machine, carrying the disk—ridging tool. Axis Ox
is perpendicular to the axes Oz and Oy and forms together with these axes the rectangular
right hand co-ordinate system. The auxiliary co-ordinate system O;x,y»z> was supposed to be
in forward motion together with the whole machine. Its position at the initial position is
Oxyy2z2. The position of rigidly connected to the tool co—ordinate system O;x3y;z, deter-
mines the position of the disk—ridging tool relative to the system Oxyz by the angle of attack
a, by the angle of inclination £, by the angle of rotation ¢ and by the co-ordinates of the ori-
gin O.

=

TR s
T J %

PNy

Figure 5. Used co—ordinate systems

The co—ordinates X, Y, Z of a point P (Fig. 5) in the co—ordinate system Oxyz are deter-
mined by the transformation

X(a. B.p.1.v.2,) )] [0 |
Y. ooty 2,.1) [ = A@)B(B)C(p) v, (rw) |+ | ot |2 (1
2(a, B0, 1,2, H) z, H

where X,(r,y)=rcos(y), y,(r,w)=rsin(y), vim — the velocity of forward motion of the ma-

chine (origin Oy); H — the distance between the lateral surface of the ridge and origin Oy; r
and y — polar radius and polar angle of a point P (Fig. 5) of the disk—ridging tool in the co—
ordinate system Ox3y3z; and

1 0 0 cos(8) 0 sin(p) cos(p) sin(p) 0
Al@)=]0 cos(a) —sin(e)|, B(B)= 0 1 0 |, C(p)=|-sin(p) cos(p) 0
0 sin(e) cos(a) —sin(f) 0 cos(B) 0 0 1

During computations the values of the initial values of parameters of the disk-ridging tool
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were specified and have in the present paper the following final values (Figs. 1-3): o=
0.015m; h=0.05m;d=0.2m; £=20°(-20°); a=8" f=4°H=0.043m; {=7.8°, T=
0.5s; N=1000; M=8; w=16 (8, 12) 1/s; z=3.1416; r, =0.325 m.

4. DELVING PROCESS OF A BLADE INTO A SOIL

For study hereafter the forces, applied to the underground part of the blades of the disk—
ridging tool, the detail know-how of the delving process of the blades into the soil of the
ridge is needed.

2 2
6
4 5 1 4 5

(a) (b)
Figure 6. The delving process of a blade into the ridge

Let us suppose that the process of delving a blade into a soil of a ridge is the following.
Firstly delves into a soil of a ridge the corner point 3 of a blade. Then, during some time, the
underground part of a blade has the triangular form (hatched region 2 in Fig. 6a). After delv-
ing the corner point 1 of the blade into a soil of a ridge the underground part of the blade
changes to the tetragonal form (hatched regions 1 and 2 in Fig. 6b). Finally, after delving the
point 6 of the blade into a soil the underground part of a blade changes to the pentagon form
(hatched regions 1, 2 and 3 in Fig. 6¢). The blade leaves the soil of the ridge on the opposite
order

5. VIRTUAL PROJECTIONS OF A BLADE

Lety; = % + ?\/I_ﬂ J is the polar angle of the end of a j-th blade (Fig. 3), ¢; = @t; — the angle of

rotation (Fig. 5) at the i-th (i=0, 1, 2, ..., N) position of the disk-ridging tool, M — the num-
ber of the blades, w— the angular velocity of the disk-ridging tool and tj — the moment of the
time at the i-th position. The co-ordinates of the corner points 1, 2, 3, 6 (Fig. 6) of the j-th
blade at the i-th position of the disk-ridging tool are

X, = X(aaﬂa(oiarma‘//ja_h)a Vi, = Y(aeﬁa(l’iarm#/ja_hati)’
Z,, :Z(a,ﬂ,goi,rm,l//j,—h,H),
X, =xXle.B.0.pw +1,0). V. =Vla.B.0. o0 +v,.0.8),
2, =1a.B.0.p.v,+v,.0.H),
X, =Xa.B.0.ow; +v,0). s =Yl g pw v, L),
2, =20, p; +v,~h,H),

Xé i :X(a,ﬁ,¢i,rm,lﬂj,0), yéi,] :X(aaﬂ’¢i’rm=Wjaoﬂti)a
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2, =12la, B¢t w ;0. H).

ij

Let us compose the following vectors of corner’s co-ordinates of the j-th blade at the i-th po-
sition

X(a»ﬁa¢’iarm»‘//j»_h) Y(aaﬂ:¢i:rmaWj’_h»ti)
X(“sﬂa@i’rms'//jso) Y(aaﬂa(Piarma‘//jaoati)
s.(i,§)=| X B.onpv, +v,.0) > s,(i,0)=| VieB.o.ow+w,08) |
X(a,ﬂ,(/)i,p,t//,- +t//p,—h1) y(a,ﬂ,%p,w,» +t//p,—hpti)
X(a»ﬂa(oiarm#/j»_h) y(a’ﬂ9¢i9rm’Wj7_h’ti)

Z(a,ﬂ:¢i:rm,Wj’_h)
Z(aaﬂa(Piarma‘//jao)
s, (i, j)= Z(a,ﬂ,¢>i,p,l//,-+t//p’0) ’ (2)
2(a, B0, w7+ )
Z(a:ﬁ’(oi,rm#’j:_h

T . . (dsin(¢) 2 T 2r .
where g, = —1, = arcsin| ——=* |, =,Jd*+r *—2r dcos(&), =420,
o=y ¥, ( p p=y &), vy =T+
ol . T. . X
h, =h+dtan(§), o, :WI , b :WI' Herei=0,1,2,...,N;j=0, 1, 2,..., M; @— angular

velocity, T — given interval of time, N — number of positions in the computations, M — number
of blades of the disk-ridging tool. In the environment of computer package Mathcad the vec-
tors (2) can be used for drawing virtual projections of j-th blade at i-th position. Fig. 7 shows
the virtual projections of the 0—th blade on the co-ordinate planes Oxy (Fig. 7a), Oyz (Fig.
7b), Ozx (Fig. 7¢) of the motionless observation system Oxyz (Fig. 5) at the 0-th position,
created in the environment of computer package Mathcad. In Fig. 7 the hatching denotes the
region to be processed by the blades of the virtual disk-ridging tool.
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Figure 7. Virtual projections of the 0—th blade on the co-ordinate planes Oxy (a), Oyz (b),
Ozx (c) of the motionless observation system Oxyz (Fig. 5) at the 0-th position

By animation, the motion of the blade in Fig. 7 one can confirm the assumption made in Fig.
6.

6. VIRTUAL PROJECTION OF ASSEMBLY OF BLADES

Let us compose new vectors Sx(j), Sy(j), S:(J) by putting the vectors Sx(i, j), Sy(i, j), sz(i, j)
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above the vectors Sx(i, J +1), Sy(i, J +1), Sz(i, J +1) 1i=0,1,2,...,N;j=0,1, 2,..., M), ac-
cordingly. The Mathcad programs

for jel. M for jel. M

Sy < stack(Sy,sx(i,J)) Sy < stack(Sy,Sy(i ,J')) ,

Sx(l) = SX A SX(I aO)
for jel. M
Sy < stack(S,sx(i )

do this procedure. In the environment of computer package Mathcad vectors S(i), Sy(i), Sy(i)
imagine the virtual projections of assembly of M blades at the i-th position on the co-ordinate
planes of the motionless observation system Oxyz (Fig. 5). This assembly of M blades is
named below as virtual disk-ridging tool.

Fig. 8 shows the virtual projections at the 0-th position of the virtual disk-ridging tool with 8
blades on the co—ordinate planes Oxy (Fig. 8a), Oyz (Fig. 8b), Ozx (Fig. 8c) of the system
Oxyz. These projections were obtained in the environment of computer package Mathcad by
using the vectors Sy(0), Sy(0), S,(0). In Fig. 2.5 the blades of the virtual disk-ridging tool are
connected together with an auxiliary line.
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Figure 8. Virtual projections of the 0—th disk-ridging tool on the co-ordinate planes
Oxy (a), Oyz (b), Ozx (c) of the system Oxyz at the 0-th position
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Fig. 8 was used for making a video clip with the motion of the virtual disk-ridging tool.

7. DETERMINATION OF THE UNDERGROUND PART OF
A BLADE OF THE DISK-RIDGING TOOL

The co-ordinates X4 | and Ya, | of the point 4 (Fig. 6) were found out form condi-
tionsz, =0, zs, =0 and are
1] 1]

Xzi,j _Xai,j Y2-,
=X, +ﬁzsu > Yoy =5, F
3”— 2,7J

X, .
ij ) Z

The point 5 may be located on three sides of a blade, thus its co-ordinates Xs. j and ys ,are

X, =X +—Xl” — 5, z y. =Y +—yl"" BREY z
. o Z3i,j N Zli,j T v Z3i,j - Z‘i,i e
if z;, ; >0 (Fig. 6a) and
X, =X +—X6i’j Y z y. =Yy +—y6” ~h, z
. " Zli,j - Zﬁi,i R " Zlij - Zéi.i o
if Z,. <0 and Zg, . >0 (Fig. 6b),
X. =X. + Xsi‘j _Xzi,j 7 y. =y y6i‘1 - yzi,j 7
E ) Zzi.i N Zf’ij T 2” Zzij B Zf’i,j Y
if Zg, <0 (Fig.6¢).
Let us compose now the following vectors
X3i.j y3i,j Z3i,j
Xy . Ys Z
sL(i, i)=] " |, s, 0)=] ™ [, sk §)=| " |,
XSi’j ySi’j ZSi,j
X3i.j y3i,j Z3i,j
X3i'j y3i,j ZSi'j
X4”_ y4i'j 24”
Szx(lﬂj): X5i,j ’ Szy(lﬂj): y5i,j > SZZ(I’J): Z5i,1 >
Xli'j yli,j Zli'j
X3i'j y3i,j ZSi'j
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if

if

if

if

if

if

10

X3i,J y3i,J Z3|,j
X4i,J y4i,i Z4|7J
XS . y5 25, .

3., 0)=| " .83, 0)=| . [, s3,(,0)=| . |,
Xéi,j yé..j Zﬁi,]
Xll,] yli,J le.j
X3' y3 23

z, 20 and
s' (i, )=s10,j), s, (i, i) =s1,(i, §), s\, (i, }) = s1,(i, ),
Z;, <0,
s (i,5)=s(i.1), 8", (i, §)=+s, G, i), s", (i, )= (i, }),
z, 20 and
s (i, §)=52,(,]), s", (i, J)=52,0, ), s", (i, ) =52,(i, J),
Z, <0,
s (0,5)=s"(§), s", (i, i)=s", (i, §), s, (i, ) =", (i, J),
Z,, 20 and

z, <0.

i

In the environment of the computer package Mathcad vectorss™ (i, j),s" (i, j), s (i, ])

can be used for imagination of virtual projections of the underground part of j-th blade at i-th
position on the co-ordinate planes of the observation system Oxyz. Fig. 9 shows the virtual
projections (hatching denote the region to be processed) of the underground part of the 0-th
blade in 0-th position blade on the co-ordinate planes Oxy (Fig. 7a), Oyz (Fig. 7b), Ozx (Fig.
7c¢) of the system Oxyz (Fig. 5).
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Figure 9. Virtual projections of the ungerground part of the 0—th blade on the

co-ordinate planes Oxy (a), Oyz (b), Ozx (c) of the motionless
observation system Oxyz (Fig. 5) at the 0-th position
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8. IMAGINATION OF PROCESSED AREA

Let us compose now vectors S'x(j), S’y(j), S’2(j) by putting the vectors s (i, j), S'”y(i, i),
s, (i, j) above the vectors s'"', (i +1, j), s", (i +1, j), s (i +1, j) i=0,1,2,....,N;j=0,
1, 2,..., M), accordingly. The Mathcad programs

Sx()) = [S'x < s"x(0,])) Sy(i) =[Sy« s"y(0,])
for iel..N for iel..N
S'x < stack(S'x,s"'x(i,J)) S'y « stack(S'y,s"y(i,]) ,

2

S,(j)= |S,«<s",(0,]))
for iel..N
S'; < stack(S';,8"(i, }))

do this procedure. In the environment of computer package Mathcad vectors S’«(j), S’y(j),
S’4(j) can be used for presentation the virtual projections at all positions of the underground
part of j-th blade on the co-ordinate planes of the system Oxyz (Fig. 5). The set of these pro-
jections determine the lateral space region on of the virtual ridge, processed by j-th blade. All
N virtual projections of all M blades form the space layer, processed by assembly of M
blades. Figs. 10 — 12 show the virtual projections of this layer on the co-ordinate plane Oxy,
when &= 20° (Fig. 3) and the combined wide row potato field tillage machine together with
disk—ridging tool moves in the direction of y-axis of the system Oxyz (Fig. 3) with the trav-
ersing velocity Vi, = 2.6 m/s and the disk—ridging tool rotates with the angular velocities @ =
8 1/s (Fig. 10), =12 1/s (Fig. 11), ®= 16 1/s (Fig. 12).
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X (m)

y (m)
Figure 10. Virtual projection of the processed part of the lateral layer on the
co-ordinate plane Oxy (o = 8 1/s, & = 20°).

From Figs. 10 — 12 one can turn out that the quality of processing depends substantially from
the angular velocity of rotation of the disk—ridging tool. Fig. 12 shows that the disk-ridging
tool with M = 8 blades, working with forced angular velocity @ = 16 1/s and traversing with
velocity Vi = 2.6 m/s gives sufficient quality of processing of the space lateral layer of a ridge
in direction of co-ordinate plane Oxy, when &= 20°.

X (m)

y (m)

Figure 11. Virtual projection of the processed part of the lateral layer on the
co-ordinate plane Oxy (o = 12 1/s, § = 20°).
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X (m)
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Figure 12. Virtual projection of the processed part of the lateral layer on the
co-ordinate plane Oxy (o = 16 1/s, & = 20°).

Figs. 13 and 14 show the virtual projections of the processed space layer to the co-ordinate
planes Oyz (Fig. 13) and Oxz (Fig. 14). It follows from Figs. 13 and 14 that the disk-ridging
tool with given in this paper parameters is able process a soil up to depth 5.6 cm, but no uni-
formly.
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Figure 13. Virtual projection of the processed part of the lateral layer on the

co-ordinate plane Oyz (o = 16 1/s, £ = 20°).

-0.04
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Figure 14. Virtual projection of the processed part of the lateral layer on the
co-ordinate plane Oxz (@ = 16 1/s, & =20°).

It turned out that the value of the adjustment angle & (Fig. 2.1) of the disk—ridging tool con-

siderable affect the quality of processing. Fig. 15 shows that in the case, when w =16 1/s, but
&= -20° the layer has several regions, not processed.
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Figure 15. Virtual projection of the processed part of the lateral layer on the
co-ordinate plane Oxy (o = 16 1/s, & =-20°).

Fig. 10 — 15 was used for making video clips with simulation the working process of the vir-
tual disk-ridging tool.

9. AREA OF THE UNDERGROUND PART OF A BLADE

The area of the underground part of a blade is S
nXi,j = (ysi,j - y3i,j )(Z4i.j - Z3i
nYLj = (Zsi.j o Z3i,j )(X4i‘j - X3i.j

nzi.j = (Xsi‘j - X3i,j )(y“i,j - y3i

2 2 2
. __\/nxi,; v TN , where

N — —  — —
|
P
N -
|
_UJ
—
N
_-J>
|
_UJ
N —
3

ifz, >0 (Fig. 4a), S, ; =n"h; +n®h;, where

M) 2, .0 2, ,0) 2 0 2.0 2.0 2
n®. | = \/n xij TNy N NEI \/n i, TNy TNy
’ 2 s i ,

Xij = (yli,j - ySU )(24” - ZSi,j )_ (Zli,j - Z5i,j )(y4i,j N y5i,j )’
Yij = (Z]Lj - ZSLj )(XM - X5i.j )_ (Xli,j N X5i,1 )(Z‘H,j N Z5i,j )’

Zi; = (Xli‘j - Xsi‘j )(y%j - YSU )_ (yh,j - YSLj )(X4U - Xsiﬁj )9
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n(z)xu = (th - 3/3i,j )(24”- - 23”- )_ (Zli,j - 23”. )(ym - Y3U );
n(Z)yi-i = (Zli.j - Z3i.j )(X4i,j - X3i.j )_ (Xli,j - X3i,j ) Z4i,j N Z3i,j )’
n(Z)Zi,j = (Xli,j - X3i‘j )(y%j - y3i‘j )_ (yli,j - Y3i,j )(X4U - X3Lj )

if 2, <0and z, >0 (Fig.4b)and S_ =n";+n®;+n®;, where

if Z6; | <0 (Fig. 4c¢).

Fig. 16 shows the dependence of the area of the underground part of the j-th blade (j = 0) on
angle ¢ of rotation of the disk—ridging tool

0.015

0.01
Si,o0
0.005

0 50 100 150 200 250 300 350
Pi
Figure 16. The dependence of the underground area of the 0-th blade, on angle
of rotation ¢ of the disk-ridging tool, when & = 20°.

10. CENTRE OF MASS OF THE UNDERGROUND PART OF A BLADE

The co-ordinates of the centre of mass of the underground part of a blade are

Xy X X Vs, ot Y Y I
XMi.j - 3 s yMi’j - 3 D ZMi,j - 3 s
ilei’j >0 (Fig. 6a),
1 2 1 2 1 2
« xlun( )i,j + szn( )i,j y yll_jn( )i,j + yzi’jn( )i,j , zlmn( )i,j + zzl_jn( )i,j
M n(l)i,j + n(z)i,j > M n(l)i,j + n(z)i,j M n(l)i,j + n(z)i,j ’
where
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th +'Xﬁj +'Xxj yh, yﬁj ysij Zhj +Z4ij Z5ij
X = - - - H y = - ; : ! Z = ’ 7 )
1 3 i 3 iy 3
X :&U+MH+&U y :%u+hu %u . :%U §”+HJ
2i 3 v )2 3 T2 3
if z, <0 and zg 20 (Fig. 6b) and
« B X(l)lhjnmi,j + Xzi’jn(z)i,j + X3i’jn(4)i,j y B y(‘)liﬁjn(”i,j + yzi’jn(z)i,j + y3i’jl’l(4)i,j
M n®h +n@j+nt; P oM N +n® 5+t
Z(l)h‘j ﬂ(3)i,j +2Z, ,- ﬂ(z)i,j +Z, ,- n(4)i,j
Z B — 1, 1,
Mis n® i +n ;40
where
X(l)1 o Xli,j + X4i,i + X6i,i y(l)1 _ yli,j + y4i,j + y6i,i 2(1)1, _ Zli,j + Z4i,j + Z6i,i
ij 3 b i 3 b ij 3
Ko X, XS, Vo, Ve, s, Zo, 2y, T
3 3 3 3 3 3 >

if Z6; | <0 (Fig. 6¢).

11. MODELLING THE FORCE SYSTEM

The projections of the vector N , normal to the j-th blade on the i-th position, on axes Ox, Oy,
Oz of co-ordinate system Oxyz are

in,j = (yli,j - y3i,j )(Zzi.j - Z3i,j )_ (yzi,j - y3i‘j )(Zli,j - Z3i,j )’
NYi,j = (Zli,j o Z3i,j )(Xzi,j o X3i,j )_ (Zzi,j o Z3i,j )(Xli,j o X3i,j )’
NZi,j = (Xli,j - X3i,j )(yzi,j - y3i,j )_ (Xzi,j - X3i,j )(yli,j - y3i,j )

The transformation

XMLJ XM”
Yus, |=Cle) BB) Al@)”| Yu,, =Vl
Zy, Zy

transforms the co-ordinates of the centres of mass of the underground parts of the blades, in
the system Oxyz into the correspondent co-ordinates in the system O;x3y3z; (Fig. 5) rigidly
connected to the disk—ridging tool. The velocity of the centre of mass of j-th blade at the i-th
position in the system Oxyz is determined by the following formulas

Vi = a)cos(ﬂ)[yM 3. COS(%)_ SYEN Sin((pi ):Ia
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vy, {Sin(a sin(/3) [YM3 COS(%) M Sin((ol)]_}"rv

- cos a)[x - Ccos go, T Yms, Sm((Pi )]
)si

= w{coS(Of sin ( )[XM% Sin((/’i)— Yms,, COS(q)i )]}

- sm(a)[XM 5 cos(@, )+ Yy 3 sin(g, )]

which are derived from transformation (1) after its expanding, substitution X3(r,1//): Xp3 s
A (r, w) = Yu; and differentiation by time t.

The projection of the area S;j of the underground part of a j-th blade at i-th position on the
plane, perpendicular to the direction of the velocity v;; of the blade in the system Oxyz, is

N v +N, v, +N, v, ‘
|Y nyIJ I] Ij

SV” IJ‘\/N + N ? 4 N \/ Vi, TVy,, +VZ”_2 |

Force, applied to the centre of mass of underground part of j-th blade at the i-th position, can
be determined by the formula Goryachkin (1968)

\VA
_ 2 i,
= _(ka + PCV, )SVLj 5

Vi,j

where K, is the initial resistivity of soil, p — density of a soil, ¢ — shape coefficient of a blade,
V,; - velocity of the centre of mass of the underground part of the j-th blade at the i-th posi-

tion in the system Oxyz (Fig. 5),V; ;— modulus of the velocity V, ;. The projections on axes

Ox, Oy, Oz of the forces If'i, ; are

' — y' g
i Jin,j s F Yi,j - kElSVIJ Vi pCS
i.j i

Vi, 'JY|J

Vv,
' _ 1]
F A —kaSVLj F_pcsvi,jviajvzi,j .
The computations show that for & = 20° and & = -20°, the disk-ridging tool has the same
working depth. Let us compare below the parameters of the force systems, applied to the
disk-ridging tool for &= 20° and &= -20°, when ka = 50000 Pa; p = 1300 kg/m’; ¢ = 0.6,
=16 1/s.

Fig. 17 shows the dependence of F', (N),F', (N),F', (N) on angle of rotation ¢ (deg),
when &= 20° (Fig. 17a) and &= - 20° (Flg. 17b).
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Figure 17. The dependence the projections of the force If'i, ;on the angle of
rotation ¢, when & = 20° (a) and & = -20° (b).

The projections of the resultant force F. of the force system, applied to the disk—ridging tool

at the i-th position are
7 7 7
FXi :ZOF'XL] ? FXi :Z(;F'Xi'j ’ I:Xi = ZF'Xi,j
i= I= j=0

Fig. 18 shows the dependence of F, (N), F, (N), F, (N) on the angle of rotation ¢ (deg), when &
=20° (Fig. 18a) and &= - 20° (Fig. 18b).
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Figure 18. The dependence the projections of the resultant force F on the angle
of rotation ¢, when & = 20° (a) and & = -20° (b).
The moments M by MYy MY

J_ of the force F

i » applied to the centre of mass of the un-

derground part of the j-th blade in the i-th position, relative to the axes Ox, Oy, Oz (Fig. 5)
accordingly, are determined by formulas

M 'Xi,j = F'Zi,j (yMi,j _thi)_ Fin.j (ZMi,j
MYy =—F' Xy +F'. (ZMH - H)

M 'zi,; = F'yiﬁj XMH - F'xiﬁj (yMiﬁj _thi)

—H)

Fig. 19 shows the dependence the moments M', (Nm), M', (Nm), M', (Nm) on the an-
gle of rotation ¢, when &= 20° (Fig. 19a) and £= - 20° (Fig. 19b).
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Figure 19. The dependence of the moments M', ', M', ', M', on the angle
of rotation ¢, when & = 20° (a) and & = -20° (b)

The resultant moments relative to the axes Ox, Oy, Oz (Fig. 5), applied to the disk—ridging
tool in the i-th position, are determined by formulas

7
MXi :ZM'Xi,j > MXi :ZM'Xi,j > MXi = ZM'Xi,j ?
j=0

j=0 ]=0
accordingly.

Fig. 20 shows the dependence the moments M, (Nm), My (Nm), M, (Nm) on the angle of
rotation ¢ (deg), when &= 20° (Fig. 20a) and &= - 20° (Fig. 20b).
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Figure 20. The dependence of the moments M, ,M,, M, on the angle
of rotation ¢ , when § = 20° (a) and & = -20° (b).

The following transformation

X3 M X;
M, |=Cle) 'B(B) Ala)'| M,
M 72 M z

transforms the moments M,, M, , M into the corresponding moments M,,, M

M,, relative to the axes Oix3, O1ys, O12 (Fig. 5).

y3i’

Fig. 21 shows the dependence the moments M, (Nm), My (Nm), M, (Nm) on angle of
rotation ¢ (deg), when &= 20° (Fig. 21a) and when &= - 20° (Fig. 21b).
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Figure 21. The dependence the moments M, ,M, ,M, on the angle
of rotation ¢ , when & = 20° (a) and & = -20° (b).

It follows from Figs. 17 — 21 that the force system, applied to a blade and to the virtual disk—
ridging tool substantially depends from value of the adjustment angle & (Fig. 3). In the case of
the value £=20° the values of forces and moments are approximately twice greater than in
the case &= —20°. It means that the disk-ridging tool, which blades have the adjustment angle
&=20°, has better ability for moving soil from the lateral surface of the ridge to its top.

12. CONCLUSIONS

The method of virtual reality, considered in this paper, can be used to predict useful informa-
tion for experimental study of the working process of machine elements. By application of
this method to the analysis of a virtual working process of a virtual disk-ridging tool the suit-
able values of it parameters are found out. One can conclude now that for the fixed working
depth, velocity of forward motion and number of blades of the disk-ridging tool the quality
of processing a soil in the ridge and the force system, applied to the disk-ridging tool are sub-
stantially depend on the value of the adjustment angle &£ and on the angular velocity @ of the
disk-ridging tool. The ability to move soil from the bottom of the ridge to its top depends to a
large extent on the value of the adjustment angle &
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