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Abstract: In this paper is developed a mathematical
model for mechanical energy evaluation in the soil tillage
process. A simple tool with plane cilindrical and
cylindroidal surfaces is used in order to describe the
mathematical model. The mathematical equations
developed include all the influence factors of the working
processes: constructive parameters of tools, functional
parameters of agricultural machine systems and soil
parameters. A PC expert program is elaborated using the
mathematical model. A numerical application is
presented for validation of the developed mathematical
model.
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INTRODUCTION

The soil tillage is a process with high — energy
consumption. The objective of mechanical manipulation
of the soil designed to agricultural production is to create
favourable soil conditions and environment to crop
growth by changing bulk density, soil granulometry size
distribution and other characteristics [5, 7].

The energy required to till the soil depends to a large
extent on the physical properties of soil, operating
conditions and the design parameters of the tillage tools.
Reducing the energy to change the physical properties of
the soil is an important consideration, since tillage tools
consume a large portion of the energy required to
produce the crop. Because of the large amount of energy
involved in the proces of soil cultivation, even small
economy, which might be developed in this process, may
have significant value [1, 2].

Tillage tools wusually produce several effects
simultaneously: movement, stretching, compression,
bending, torsion. Tillage tools are used to apply energy to
the soil to cause some desired effects such as cutting,
breaking, overturning or movement of the soil.
Considering the energy consumption diminishing to soil
tillage, our goal is to design an optimum tool that will
ensure an adequate quality of the soil, efficiency and
economy of the tillage process [3].

MATERIAL AND METHOD
Mathematical model

The tillage process consists of three major elements:
the soil initial physical properties (S)), the energy (W)
applied to the soil and the final soil physical properties
(Sy), [6]. The tillage process, as a system, may be
describe by the following abstract relation:

Sp=f(S.W).

The energy (W) may be expressed depending on soil
initial and final state (S)), (Sy), the geometry of tool (Gy),
the manner of soil manipulation and tool movement
parameters(M;), respectively:

W =¢(S;,Gt, My, Sr) .

Rezumat: In lucrare se dezvoltd un model matematic
pentru evaluarea necesarului de energie mecanica la
prelucrarea  solului.  Pentru  descrierea  modelului
matematic s-au utilizat trei scule simple cu suprafata
plana, cilindrica si cilindroidala. Ecuatiile matematice
dezvoltate includ totii factorii de influenta ai procesului de
lucru: parametrii constructivi ai organelor de lucru,
parametrii de exploatare ai agregatului si parametrii starii
initiale a solului. Se descrie programul PC elaborat pe
baza modelului matematic dezvoltat. Pentru validarea
modelului matematic se prezinta o aplicatie numerica.

Cuvinte cheie: model matematic, prelucrarea solului,
evaluarea necesarului de energie

INTRODUCERE

Prelucrarea mecanica a solului este un proces ce
implica un consum ridicat de energie. Obiectivul
prelucrérii solului consta in creerea conditiilor favorabile
si a unui mediu propice dezvoltarii plantelor de cultura
prin modificarea densitatii aparente, a compozitiei
granulometrice a agregatelor si a altor insusiri [5, 7].

Energia necesara prelucrarii solului este influentata in
mare masura de proprietatile fizice ale solului,
caracteristicile de exploatare ale agregatelor agricole si
de parametri geometrici ai organelor de lucru.
Reducerea consumului de energie la prelucrarea solului
prezinta o importanta deosebita, avand in vedere
ponderea insemnata pe care o are in consumul de
energie pentru obtinerea recoltelor. Datorita consumului
ridicat de energie implicat in pocesul de prelucrare a
solului, chiar o economie mica reprezinta o valoare
semnificativa [1, 2].

Organele de prelucrat solul realizeaza de obicei, mai
multe  procese  simultan:  deplasare, intindere,
compresiune, incovoiere, rasucire . Sculele de lucrat
solul au rolul de a transfera o cantitate de energie solului,
urmarindu-se unele efecte dorite, cum ar fi: taierea,
maruntirea, rasturnarea si deplasarea solului. Avand in
vedere reducerea consumului de energie la prelucrarea
solului, se urmareste proiectarea unor scule optime din
punct de vedere calitativ si economic al lucrarii [3].

MATERIAL S| METODA
Model matematic

Procesul de prelucrare a solului cuprinde trei elemente
esentiale: starea initiala a solului caracterizata de insusirile
fizice (S)), cantitatea de energie transferata solului (W), si
starea finala a solului (Sy), [6]. Procesul de prelucrare, ca
sistem mecanic, este descris de relatia abstracta:

(1)

Energia (W) poate fi exprimata in functie de starea
initiala si finala a solului (S)), (Sy), de geometria sculei
(Gy), modul de prelucrare si paramerii de exploatare ai
agregatului agricol (M), respectiv:

)
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On the other hand, the total energy required by the
process may be expressed as a sum of the elementary
energy associated to each phagse of working
process[3],, namely:
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Pe de alta parte, necesarul de energie pentru
prelucrarea solului, se poate exprima ca suma a
energiilor elementare asociate fiecarei faze a procesului
de lucru [3], astfel:

W=W,+W,+W3+..+W,, 3)

where W;, W>, Ws,...,W,, represent the components of
the energy associated to different phenomena being
present in the process (e.g., cutting, breaking, moving,
friction, adhesion, cohesion etc.). The description of
these components of the energy by proper equations is a
major task in the soil tillage energy evaluation. One way
is to consider that energy is given by the sum of
elementary works done by the forces acting on a soll
particle during movement over the tool surface. In this
case, the following relation may be used:

W =Wr + X (Fgx + Fax + Fax + Fox + Fic + Fix) - dx +
Z(FGy +Fay +Fay +Foy +Fpy +Fﬁy)~dy+Z(FGZ+FaZ+FAZ+FCZ+FfZ+FﬁZ)~dz ’

where: F stands for forces; F5 - for accelerations; F¢ - for
gravity; Fa - for adhesion; Fc¢ - for cohesion; F;, Fq — for
external and internal friction; dx, dy, dz - for
displacement components; Wr— for cutting energy.

The energy required to the soil cuting (Wrs), is
expressed by the product of the specific resistance of soil
cutting (ki), working width (b) and the sum of movements
in the direction of motion of the aggregate (Zdx), with the
relationship:

unde: Wy, W, Ws ..., W, reprezinta componentele
energiei asociate diferitelor faze ale procesului (de ex:
taiere, maruntire, deplasare, frecare, adeziune, coeziune,
etc.). Descrierea acestor componente ale energiei prin
ecuatii corespunzatoare reprezintd o sarcina dificila in
evaluarea necesarului de energie la prelucrare solului.
Pentru simplificarea acestei probleme se considera ca
energia este data de suma lucrurilor mecanice
elementare date de foriele ce actioneaza asupra
particulelor de sol in timpul deplasarii acestora pe
suprafata sculelor. Astfel:

(4)

unde: F reperezintda componentele fortelor: F; - de
accelerare; F¢ - de greutate; F4 — de adeziune; F¢c — de
coeziune; Fr, Fr— de frecare externa si interna; dx, dy, dz
— componentele deplasarilor; Wr — energia necesara
taierii.

Energia necesara taierii solului (Wr), se exprima prin
produsul dintre rezistenta specifica la taierea solului (ki),
latimea de lucru (b) si suma deplasarilor dupa directia de
deplasare a agregatiului (£dx), cu relatia:

Wr =k¢-b-Y dx. ®)

To solve the relation (4) a mathematical description of all
components of the forces and their trajectories are
necessary to be established. In order to calculate these
elements we have made the following simplified
assumptions:

- The soil furrow is divided in elementary prisms of
dx-dy-dz=d dimensions (d — working depth) by section
of furrow with vertical planes (V. - parallel and V7 -
perpendicular to the direction of machine movement)
(Fig. 1);

- The prisms are moving in the reverse direction of
forward speed (with the speed v, = v») and rotate in
the transversal plane, being in contact with the tool
surface, without breaking;

Az

Pentru rezolvarea ecuatiei (4) se impune descrierea
matematica a tuturor componentelor acestor forte si a
traiectoriilor particulelor de sol. Pentru dezvoltarea
relatilor analitice se impun urmatoarele ipoteze
simplificatoare:

- brazda de sol se divide in prisme elementare de
dimensiuni dx, dy, dz=d (d - adancimea de lucru) prin
sectionarea brazdei cu plane verticale (V. - paralele si
V1 - perpendiculare pe directia de deplasare a
agregatului) (Fig. 1);

- prismele de sol se deplaseaza in sens invers
deplasarii agregatului (cu viteza v, = vp) si se rotesc
in planul transversal, fiind in contact permanent cu
scula, fara a se fragmenta;

VL (x=ct.)

V<

x
ct.)

VT (y

Fig. 1 - The idealization of tillage process / Idealizarea procesului de prelucrare a solului
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- Based on these considerations, the soil speed (v) is
determined by the components (v,=ct ) parallel to the
direction of the advancement of aggregate Oy and
transversal (v,) and vertical (v;) components -
contained in the plan xOz (Fig. 2);
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- In baza acestor considerente, viteza de deplasare a
solului (v) este determinata de componetele (v,=ct )
paralela cu directia de Tnaintare a agregatului Oy si
componentele transversala (vx) si verticala (v;) —
continute in planul xOz (Fig. 2);
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Fig. 2 - Representation of forces and soil movement path over the tool surface.
Reprezentarea fortelor si deplasarilor particulelor de sol pe suprafata sculelor.
- The soil prisms are undeformable. Thus, their

trajectory can be treated as trajectory of the center of

symmetry of the surface dx-dy, that is in contact with

the tool surface (point P);

- Also, it is considered that the soil-tool interaction
forces have the origin in the P point;

- The system of coordinating axes xOyz is considered
fixed in relation to the tool;

- The tool is composed of many plane surfaces ABC.
Each of these planes is tangent in an arbitrary
chosed point M(x, y, z) on tool surface,
characterized by the geometrical parameters of the
tool ¢, B, ¥ (Table 1).

- ais the angle between the straight line AB (the intersection
of the tangent plane ABC in the point M (x, y, z) on the
tool surface with the plane yOz) and the direction Oy;

- pB - angle between the line BC (intersection the
surface ABC with plane xOy) and Ox;

- y-angle between the line AC (intersection the surface
ABC with the horizontal plane xOy) and Oy;

- 0- angle between the plane ABC and horizontal plane
xOy.

The functions of variation of the geometrical
parameters «, S y and the surface equations that
characterize the three types of tools (plane, cylindrical
and cylindroidal) are developed and previously published
in the literature [3].

The parametric equations of the soil particle trajectories
over the tool surface are obtained by integration of
equations of speed. Considering that soil prisms perform
a the movement of the furrow in the direction Oy and the
rotation in the xOz plane,we obtain: respectively:

- prismele de sol sunt nedeformabile. Astfel, traiectoria
acestora poate fi asimilata cu traiectoria centrului de
simetrie al suprafetei dx-dy, care este in contact
permanent cu suprafata sculei (punctul P);

- de asemenea, se considera ca fortele de interactiune
sol-scula au originea in punctul P;

- sistemul de axe de coordonate xOyz se considera fix
in raport cu scula;

- scula se considera ca fiind compusa dintr-un numar
de suprafete plane ABC. Fiecare dintre acestea este
tangenta la suprafata sculei intr-un punct arbitrar
M(x,z,y), caracterizat de parametrii sculei o, B y
(tabelul 1):

-« este unghiul dintre dreapta AB (intersectia planului
tangent ABC la suprafata sculei in punctul M(x,y,z) cu
planul yOz) si directia Oy;

- B - unghiul format de dreapta BC (intersectia planului
ABC cu planul xOy) si axa Ox;

- y-unghiul dintre dreapta AC (intersectia planului ABC
cu planul orizontal de proiectie xOy) si directia Oy;

- @ - unghiul dintre planul ABC si planul orizontal de
proiectie xOy.

Legile de variatie ale parametrilor geometrici «, 5, ¥
si ecuatiile suprafetelor ce caracterizeaza cele trei tipuri
de scule (plana, cilindrica si cilindroidala) sunt
dezvoltate si publicate anterior in literatura de
specialitate [3].

Ecuatiile parametrice ale traiectoriilor particulelor de
sol pe suprafata sculei se obtin prin integrarea ecuatiilor
vitezelor. Considerand ca prismele de sol realizeaza o
miscare de translatie dupa directia Oy si de rotatie in
planul xOz, se obtine:
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Table 1/ Tabelul 1
Tool geometry / Geometria sculei, (Gy)

Plane tool / Scula plana Surface equation / Ecuatia suprafetei:
z x-tgp+y-tga+z-h=0
“A for pentru: x <[0,b] and/si z [0,h].
< Geometrical parameters of the tool / a(x,y,z) =arctg(siny - tg 6,), (18)
OB )| Parametrii geometrici ai sculei: B(x,y,z) = arctg (cos y-tgg,) , (19)
Z r(x,y,z)=yg=ct. (20)
X % @ Surface height / inéitimea suprafetei, h, [mm]. 100
T | Initial value of the angle y (for z=0) / 45
T | Valoarea initiald a unghiului y (pentru z=0), yo, [O].
E Initial value of the angle 6 (for z=0) / 45
Valoarea initiald a unghiului 6 (pentru z=0), 6, [*].
Cylindrical tool / Surface equation / Ecuatia suprafetei:
Scula cilindrica
(z-h)2—2-p y + -x | =0,
9 7o
for/ pentru x €[0,b] and/si z €[0,h].
z
\ Geometrical parameters of the tool /  p = h-tg gg-siny,,
M(x.y.z) A o
1 Parametrii geometrici ai sculei: a(x,y,z)=arctg —, (21)
B - z-h
! [l
/ \
a\\\ /,O\\ v Y p(x,y,z) =arc tg [t ph tLj (22)
Y B Yo B z - 970
S y(x,y,z)=yg=ct . (23)
/ 0o
C @ | Surface height / Inéitimea suprafetei, h, [mm]. 100
X <,‘§ Initial value of the angle y (for z=0) / 45
© | Valoarea initiald a unghiului y (pentru z=0), y, [O].
E Initial value of the angle 6 (for z=0) / 30
Valoarea initiald a unghiului 6 (pentru z=0), 6, ['].
Cylindroid tool / Surface equation / Ecuatia suprafetei:
Scula cilindroidala )
tg}/.[u_y}_x— 0’
2:p
for/pentru x e€[0,b] and/si ze[0,h].
. Geometrical parameters of the tool /  p = h-tg gy-siny,,
i
M(x,y,z) A . Parametrii geometrici ai sculei: a(x,y,z)=arctg Lh , (24)
Z -
I < 1
v p y P(x,y,z)=arctg |+ p_. T , (25)
AN Y z-h tgy
o \\ o) ‘\ V
Y s Yo B 22 h2
., p X,y,Z)=yyg+——=ct,for/pentru r= . 26
o ¢ Y%y2)=ro +— p 2.4, (26)
0
C Surface height / inéitimea suprafetei, h, [mm]. 100
X ﬁ Initial value of the angle y (for z=0) / 45
3 | Valoarea initiald a unghiului y (pentru z=0), s, [O].
S | Initial value of the angle ¢ (for z=0) / 30
'€ | Valoarea initiald a unghiului 6 (pentru z=0), 6y, .
Increasing angles / Cresterea unghiurilor, ymax - vo, [']- 15
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1

y=-[1 cos’y +sin’y -

x=[siny-cosy| 1-

z=]| siny-

RESULTS

The elementary displacement components dx, dy, dz,
of the soil particles are calculated by using the equations
6, 7 and 8.

Thus, in the proposed mathematical model the effect
of the soil elastic deformation is neglected.

The forces of adhesion Fs4 and cohesion Fc and
friction forces act along the direction of tangent to soil
particle trajectory (it).

Based on the above considerations the components
of elementary forces of the soil — tool interaction systems
are calculated. The particular relations include
parameters that characterize the initial soil condition
(e.g., u - coefficient of soil — to — metal friction; & —
coefficient of soil — to - soil friction; p - soil bulk density,
and shearing stress). For example, the friction force is
expressed by the relation:

Vsin? v +tg% a

sV - dt=—=[v,-dt, (6)
J sin? 7+ tg? a
Sy Lyt @)
y siny + tg’ a
sin y- tga v . dt @)

REZULTATE

Ecuatiile 6, 7 si 8 permit determinarea componentelor
deplasarilor elementare ale prismelor de sol pe suprafata
sculei.

in modelul matematic propus se neglijeaza efectul
fortelor de deformare elastica a solului.

Fortele de adeziune Fa, de coeziune F¢ si fortele de
frecare actioneaza dupa directia tangentei la traiectoria
prismelor de sol (tt).

Pe baza considerentelor de mai sus, se determina
componentele fortelor elementare de interactiune sol —
scula. Relatile dezvoltate includ parametrii ce
caracterizeaza starea inifiala a solului (de ex: u -
coeficientul de frecare sol — ofel; w — coeficientul de
frecare sol — sol; p - densitatea aparenta a solului, si
rezistenta la rupere). De exemplu, forta de frecare este
descrisa de relatia:

Fe=u-N, ©)

where: the component of normal force (N) is calculated
by using the equilibrium equation of soil — tool interaction
forces along the normal direction (nn):

- Fen *N -

Mathematical model for determining of the soil-tool
interaction forces (F5 - acceleration forces, Fg - weight ,
Fa - adhesion, F¢ - cohesion, and external friction (soil-
steel) and internal (soil-soil) - F;, Fgr is shown in the
literature [4].

The projections of the interaction forces upon the
axis, of a Cartesian coordinate system xOyz, are
calculated by using the directional cosines of the normal
and tangent, that are defined according to figure 1.

Considering the normal to the tool surface at the
point M as being perpendicular to the ABC plane
(tangent to the tool surface), the directional cosines
are:

unde: componenta normala a fortelor (N), se calculeaza
folosind ecuatjile de echilibru ale fortelor de interactiune
sol — sculd, dupa directia normalei (nn):

Fan=0, (10)

Modelul matematic pentru determinarea fortelor de
interactiune sol-scula (fortele de accelerare F, de
greutate Fg, de adeziune Fa, coeziune F¢, si de frecare
externa (sol-otel) si interna (sol-sol) — F;, Fp, este
prezentat in literatura de specialitate [4].

Proiectiile fortelor de interactiune dupa directiile
axelor sistemului cartezian de coordonate xOyz, se
determina folosind ecuatiile cosinusilor directori ai
normalei si tangentei la traiectorie, descrise in figura 1.

Considerand ca normala la suprafata sculei in punctul
M este perependiculara pe suprafata plana ABC
(tangenta la suprafata sculei), cosinusii directori sunt de
forma:

1

cost, = , (11)
\/1+(tany)2 +(tan;/-tano:)2
tany
cosz, = - = (12)
\/1+(tan7) +(tany -tana)
cosz, = —tany -tana (13)

The directional cosines are expressed as a function of
surface geometrical parameters at the arbitrary point M.

The direction of the tangent (tt) to trajectory is defined
by derivating the parametric equation of the soil path (eq.
6, 7 and 8), thus:

\/1+ (tan;/)2 +(tany - tana)2

Cosinusii directori sunt exprimati in functie de
parametrii geometrici ai suprafetei in punctul arbitrar M.

Directia tangentei la traiectorie (tt) este definita prin
derivarea  ecuatiilor parametrice ale traiectoriei
particulelor de sol (ecuatiile 6, 7 si 8), astfel:
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X
costy =—I/

ax

oo

ECECE

(14)

2
cosvy = d_y/ x
dt dat

2 2
RCANEDS
dt dt

dz dx
cos Ay =—/ .|| —
& dt \/[ dt

Based on the mathematical relation of form (8), we
calculate the elementary force components and their
projections on axes of Cartesian coordinate system
xOyz, by using the relations (11 - 16).

By substituting these values in the relation (4), we
obtain the equation that permit to calculate the required
mechanical energy for soil cultivation.

The proposed model includes also the equations for
the calculation of mechanical energy associated to each
phase of the process. For example, the energy required
to overcome the friction forces may be calculated by the
following relation:

W; =X Ry -dx; +XFp - dy; +XF, - dz;

PC program
A PC program based on the previous mathematical

model has been developed for soil tillage energy

evaluation. In order to compile the program, the user
has to know the following: initial soil parameters,
geometrical parameters of tool surface and working

parameters. The parameters are listed in tables 1, 2

and 3.

The program structure (Fig. 3) is:

- Equation for the calculation of the (x, y, z) coordinates
of a number of (m.n) arbitrary points M, obtained by
the intersections of vertical planes, parallel to the
direction of travel (m) and transversal planes (n) to
the furrow. The variables m and n are imposed by the
user;

- Calculation of geometrical parameters «, 5, and @ in
accord with each plane surfaces ABC;

- Calculation of soil travel speed components (vx, Vy
and v;) and elementary displacements of soil particles
(dx, dy and dz) using the relations (5, 6, and 7);

- Calculation the elementary forces of soil — tool
interaction (eq. 8 and 9);

- Calculation of the directional cosines of normal and
tangent to soil particle path (eq. 10 — 15) and
directional cosine of soil — tool interaction projection
of forces upon the axes of xOyz coordinate system;

- Calculation the energy components required for each
phase of soil working process by using the relation of
form (17);

- Calculation of the specific energy required to a
surface unit tillage, in MJ/ha.

Numerical application

In order to validate the method proposed for
evaluating the mechanical energy consumption, a
numerical application has been developed to determine
tillage mechanical energy consumption for two types of
soil, characterized by the soil initial parameters (Table 2).

In application are used surfaces tools equationsfor
determining the forces of soil - tool interaction, sail
particles displacement on tools surfaces and for soil

EHECR

10

(16)

Pe baza relatjilor de forma ecuatiei (8), se pot calcula
componentele fortelor elementare si proiecijile acestora
pe axele sistemului cartezian de coordonate xOyz
utilizand expresiile (11 — 16).

Substituind valorile acestora in ecuatia (4), se vor
obtine ecuatiile ce permit calculul necesarului de energie
mecanica pentru prelucrarea solului.

De asemenea, modelul matematic propus include
ecuatjile pentru calculul componentelor energiei asociate
fiecarei faze a procesului. De exemplu, energia necesara
invingerii fortelor de frecare poate fi calculata folosind
expresia de forma:

(7

Programul PC
A fost elaborat un program — PC pentru evaluarea

necesarului de energie la prelucrarea solului pe baza

modelului matematic descris anterior. Pentru compilarea
programului, utilizatorul trebuie sa cunoasca: parametrii
starii inifiale a solului parametrii geometrici ai sculei si
parametrii de exploatare. Acesti parametrii sun prezentati
intab. 1, 2, 3.
Structura programului (Fig. 3) este urmatoarea:

- ecuatile pentru calculul unui numar de (m.n)
coordonate (x, y, z) ale punctelor M, obtinute prin
sectionarea brazdei cu (m) plane verticale paralele cu
directia de deplasare si (n) plane perpendiculare pe
directia de deplasare. Variabilele m si n vor fi impuse
de utilizator;

- calculul parametrilor geometrici « g
caracterizeaza fiecare suprafata plana ABC;

- calculul componentelor vitezelor de deplasare (v, vy
si v;) si a deplasarilor elementare ale prismelor de sol
(dx, dy si dz) utilizand relatiile (5, 6 si 7);

- calculul fortelor elementare ale sistemului
interactiune sol — scula (ecuatiile 8 si 9);

- calculul cosinusgilor directori ai normalei si tangentei la
traiectoriile particulelor de sol (ecuatjile 10 — 15) si
cosinugii directori ai proiectiilor fortelor de interactiune
dupa axele sistemului cartezian de coordonate xOyz;

- calculul componentelor energiei necesare fiecarei
faze a procesului de prelucrare utilizand epresiile de
forma ecuatiei (17);

- calculul energiei specifice, necesare prelucrarii unitatii
de suprafata, in MJ/ha.

si y ce

de

Aplicatie numerica

Pentru validarea metodei propuse pentru evaluarea
necesarului de energie la prelucrarea solului se prezinta
o aplicatie numerica pentru calculul consumului de
energie mecanica Tn doua tipuri de sol, caracterizate de
parametrii starii initiale descrigi in tabelul 2.

in aplicatie se utilizeaza ecuatiile suprafetelor sculelor
pentru determinarea fortelor de interactiune, a
deplasarilor particulelor de sol si ale componentelor
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tillage energetic system components.
The obtained results indicate the total energy
consumption W (Table 4) as well as its components

INMATEH — Agricultural Engineering

sistemului energetic.

Rezultatele obtinute indica consumul total de energie
W (Tabelul 4), precum si componentele sale (pierderile
de energie W, si energia utila W,)).

(energy losses W, and useful energy W,).

BEGIN

)

'

Read-initial-dates:-Surface-equation.
m, 1,0 B0 W, ps [k Te Te VN0

Planeq]
toolf]
Cylindrical
toolf]
Cylindroidal
toolf]

o,

Computes:q
3,-and-g-(eq.-18.-19,-20)

a, "

—
]

Computes:q
3,-and-6-(eq.-21.-22,-23)

o,

Computes:q
3,-and-g-(eq.-24,-25,-26)

|

Computes:q
Elementary- displacements- of-soil-particles-dx, -dy-and-dz-(eq.-6,-7.-and-8)q]

'

Computes:q
Elementary- forces-of-soil-—tool-interaction-(eq.-9-and-10)q

'

Computes:q
Directional- cosine-of-normal-and-tangent-at- soil-particle-path- (eq.-11-—16)

'

Computes:|
Wi, - W, - W, - Wa, - We,- W - W, - W, - W (eq.-17)-and-W-(eq.-4)]

'

Write-Results: |
W, - W - W

'

C

ENDY|

)

Fig. 3 — Bloc diagram of the PC Program /
Schema logicé a programului de calcul

Components that determine the energy losses are
due to the forces of gravity, friction forces of soil - tool ,
friction of the soil - soil and soil adhesion.

It is considered that the energy required to soil
accelerating, lifting and moving is transmitted to soil,
ensuring its shredding.

Componentele care determina pierderile de energie
se datoreaza fortelor de greutate, fortelor de frecare sol —
scula, a frecarii sol — sol si adeziunii solului.

Se considera ca energia necesara accelerarii solului,
ridicarii si deplasarii, se transmite solului asigurand
maruntirea acestuia.

Table 2/ Tabelul 2

Soil initial parameters / Parametrii starii initiale a solului, (S))

Soil Texture / Textura solului Cla?/‘tlli\nfgilé Cla;%'ffgilé
Moisture / Umiditatea, w [%] 14.67 11.98
Density / Densitatea, pa [t/m3] 1.75 1.85
Friction coefficient / Coeficientul de frecare, u 0.428 0.372
Internal friction coefficient / Coeficientul de frecare internd, u; 0.418 0.398
Adhesion coefficient / Coeficientul de adeziune, z, [KN/m?] 3.90 3.04
Cohesion coefficient / Coeficientul de coeziune, z, [kN/m2] 47.84 39.62

Table 3/ Tabelul 3

Working parameters / Parametrii de exploatare, (M)

Speed / Viteza masginii v, [M/s] 2
Working depth / Addncimea de lucru d, [cm] 15
Working width / Latimea de lucru b, [cm] 25
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Table 4 / Tabelul 4
Mechanical energy required to till the surface unit/
Necesarul de energie mecanica pentru o suprafata unitara [MJ/ha]

Tool type / Soil type / w Wy= Wc+W,, Wp= WrW5+W,,

Tipul sculei Tip sol [MJ/ha] [MJ/ha] [MJ/ha]
Plane / 44.60 % clay 539.45 490.12 49.33
Plana 19.20 % clay 522.37 479.51 42.86
Cylindrical / 44.60 % clay 676.23 611.80 64.43
Cilindrica 19.20% clay 647.83 586.92 60.91
Cylindroid / 44.60 % clay 698.74 628.63 70.11
Cilindroidala 19.20 % clay 686.55 618.18 68.37

CONCLUSION CONCLUzII

Evaluation of the energy in the tillage process is an
important objective that may be solved, in a proper way
starting from the mathematical description of the process.
In this paper a mathematical model for mechanical
energy evaluation is presented. Based on this model a
computer program was developed. The program is
structured in three subprograms designed to the
calculation of displacements dx, dy, dz, the forces and
the energy (W) within the process.

The results have shown that plane tools involves a
minimum energy consumption. Increase the energy
requirements by 15-25%, for cylindrical and cilindroid
tools is due to increment of soil acceleration forces
and trajectory length of soil particles on the tools
surface.

Analyzing the results, as compared to the previous
research results, it has found that the higher consumption
of the mechanical energy for the cylindrical and cylindroid
tools, is justified by increasing the soil shredding.
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Evaluarea necesarului de energie in procesul de
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