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Abstract: This paper presents the calculation of the
resistant forces that occur during the deep loosening
works in a machine with active organs driven by the
quadrilateral mechanism from the tractor PTO. By using
the relations for calculating the resistance forces
presented in the paper we determined the momentum
necessary to drive the plowshares and compare it with
the determined experimental values
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INTRODUCTION

Destruction of soil structure and compaction of the
arable layer in depth reduces the water storage capacity,
prevents soil aeration and spoils the aerohidric balance.
In our contry the area occupied by soils that require deep
loosening works represent approximately 19.8% of the
total agricultural area [1].

Removing these shortcomings and increasing the
efficiency of land works requires the application of
complex improvement measures, where the deep soil
loosening is very important.

The deep loosening soil machines with active organs
have plowshares which are operated by a quadrilateral
mechanism of the tractor PTO, cutting and loosening the
soil [4].

Resisting forces acting on the main bodies of deep
soil loosening machines driven by a quadrilateral
mechanism are shown in figure 1.

-the resistant force to the displacement of the
connecting rod (Fgrw);

-the resistant forces due to the breaking and
accelerating of the soil by the plowshare found in
oscillation(Qy);

-the drag force (FR).

Rezumat: Lucrarea prezinta calculul fortelor rezistente ce
apar in timpul lucrédrilor de afanare adancé a solului la
masinile cu organele de lucru acfionate de un mecanism
patrulater de la priza de putere a tractorului. Utilizand
relatiile de calcul al fortelor rezistente prezentate n
lucrare se determina forfa de tractiune si momentul
necesar acfiondrii brézdarului gi se compard cu valorile
determinate experimental.

Cuvinte cheie: masina de afanarea adéncéd a solului,
forfe rezistente,sol.

INTRODUCERE

Distrugerea structurii solului in stratul arabil si
compactarea lui in profunzime duce la reducerea
capacitatii de acumulare a apei, la impiedicarea aerarii
solului si stricarea echilibrului aerohidric. Suprafata
ocupata in tara noastra de solurile care necesita lucrari
de afanare adanca este de circa trei milioane hectare,
respectiv 19,8% din totalul suprafetei agricole [1].

Inlaturarea acestor neajunsuri si sporirea eficientei
lucrarilor de imbunatatiri funciare necesata aplicarea unui
complex de masuri agroameliorative, in cadrul carora
afanarea adanca a solului prezintd o importanta
deosebita.

Masinile de afénare adanca a solului cu organe de
lucru active au brazdare care actionate de un mecanism
patrulater de la prize de putere a tractorului produc
taierea solului si totodata afanarea acestiua [4].

Fortele rezistente care actioneazd asupra
principalelor organe ale masinilor de afanare adanca a
solului cu brazdarele actionate de un mecanism
patrulater sunt prezentate in figura 1.

-forta rezistenta la deplasarea bielei (Frn);

-fortele rezistente datorate ruperii si accelerarii
solului de catre brazdarul aflat in miscare de oscilatie(Qj);

-forta rezistenta la inaintare (Fg).

Fig. 1 - The resisting forces acting on deep soil loosening machine organs
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MATERIALS AND METHODS

To determine the resistant force to the displacement
of the connecting rod (Fgrw), it can be assimilated with a
double wedge (figure. 2) on which the normal forces Fy
and N, and the soil friction forces uN and uFn.

The normal forces of the rod on the inclined surface
Fn and on the side surface are [1 ]

FNZkl'Sl

where:
-k1 is the specific resistance of soil deformation in the
advancing direction
-k> is the specific resistance of soil deformation
perpendicular to the advancing direction [2, 5];
-S1, S, are the wedge surfaces, and the side surface of
the connecting rod.

The total rezistent force, on the machines movement
direction is :

F =

2-FN-sin(<p+%)

cos@
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Pentru determinarea fortei rezistente la deplasarea
bielei (Fru), aceasta poate fi asimilata cu o pana dubla
(figura 2) asupra careia actioneaza fortele normale Fy si
N si fortele de frecare uN si pFn.

Fortele normale pe suprafetele inclinate ale bielei Fy
si pe suprafetele laterale N sunt [1]:

N=k2‘SZ

Unde:
-ky este rezistenta specifica la deformarea solului pe
directia de Tnaintare;
-k2 este rezistenta specificd la deformarea solului
perpendiculara pe directia de Tnaintare [2, 5];
-S1, Sz suprafata penei, respectiv suprafata laterala a
bielei.

Forta rezistenta totala, pe directia de deplasare a
masinii este:

@)

+2-u-N 2)

Fig. 2 - The forces acting on plowshares support [1]

The normal resistance force on the connecting rod
Fun, the soil friction forte with the connecting rod Fune and
the resultant force Fgry (figure 1) is determined by
relations:

The deep soil loosening machine has two working
organs that dislocate the soil on a much larger width than
the width of the plowshares. If dislocate soil is removed
by a plowshare on a section perpendicular to the
direction of movement, you optain a small isosceles
trapezium base located at a depth approximately equal
the width of plowshares |, (figure 4). For working depth of
50 cm, the long side of the trapezoid located at ground
level is 70 cm resulting in an tilt angle of the lateral
aspect of the trapezium to the horizon B; = 1.03 rad =
59.036° (figure 3).

Fup =4 - Fyy

22

Forta rezistentd normald pe biela Fun, forta de
frecare a solului cu biela Fyr si forta rezultantd Fry (figura
1) se determina cu relatiile:

FRH=VF13N+F13F

Masina de afanare adanca a solului are doua
organe de lucru care disloca solul pe o latime mult mai
mare decét latimea brazdarelor. Daca se inlatura solul
dislocat de un brazdar, pe o portiune perpendiculara pe
directia de deplasare, se obtine un trapez isoscel cu baza
mica aflata la adancimea de lucru aproximativ egala cu
latimea brazdarului Ip (figura 4). Pentru adancimea de
lucru de 50 cm, latura mare a trapezului, aflata la nivelul
solului, este de 70 cm rezultand un unghi de inclinare a
laturilor laterale ale trapezului fatd de planul orizontal B8y =
1.03 rad = 59.036° (figura 3).

A

@)
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The volume of soil displaced is shown in figure 4 [3].
In longitudinal section, the plowshare EF breaks the soil
after a plan whose result, the median longitudinal vertical
plane is inclined at an angle y = 45° [6]

The volume of soil displaced is :

V =

aq-(S+s+VSs)  EF?:1p-coStmeq Sinmed

INMATEH:-- dqucuftu 1al c\§n44nwtmq

Volumul de sol dislocat de brazdar este prezentat in
figura 4 [3]. In sectiune longitudinala, brazdarul EF rupe
solul dupa un plan a carui urma, in planul Iongitudinal
vertical median, este inclinata cu un unghi @ = 45" [6].

Volumul de sol dislocat este:

3
Where:
-amed IS the average angle of inclination from the
horizontal plowshares

2
S =L - (EF - coSmeq + EO) +";

-s =1, - EF - cosa,.q is the large base
respectively the lower base of the soil displacement;

-EO = a, - ctgy — %

- ag — working depth;
- L - maximum working width of a plowshare.

When the plowshare rotates around the joint D with
the angular velocity ws > 0 EF = DT (figure 1) and when
w3z < 0, FE =CD then the working depth is (ag —
CD-sin0med).

The lateral area of the soil volume driven by the
plowshare found in oscillation motion is calculated by the
relationship.

area,

. @

Unde:
-Gmed - Unghiul mediu de Tnclinare a brazdarului fata de
orizontala;

2
-S =1L - (EF - coSQeq + EO) + 7=

-s =1, - EF - cosa,,.q este suprafata bazei
respective a bazei mici a solului dislocat;

-EO = a4 - ctgy — %

- aqg — adancimea de lucru;
- L — latimea maxima de lucru a unui brazdar.

Atunci cand brazdarul se roteste in jurul articulatiei
D cu viteza unghiulard ws > 0 EF = DT (figura 1) iar
atunci cand wsz < 0, FE =CD iar adancimea de lucru este
(ad - CD'SinGmed).

Aria laterala a volumului de sol actionat de
brazdarul aflat Tn miscare de oscilatie se calculeaza cu
relatia.

mari,

2
A=m % /L: +a%+ (2-aq— EF - sin@eq) - EF - €OSAmeq (5)

For tearing the soil under the forces exerted by the
plowshare, it is necessary to overcome the forces of
cohesion that manifests between soil particles. These
can be calculated using the equation:

Pentru ruperea solului, sub actiunea fortelor
exercitate de brazdar, este necesara nvingerea fortelor
de coeziune ce se manifesta intre particulele de sol.
Acestea se pot calcula cu relatia:

Froez = A (C + o - tg(pO) (6)

Where:
-c is the cohesion coefficient

-0y, =10-60 kPa is the normal tension (compresion) [7];

~Uo = tgp, = 0.35 + 0.9 [7] is the coefficient of internal
friction of the soil.

EF cosomed

ad clgy

Unde:

-C - este coeficientul de coeziune;

-0, = 10-60 kPa este tensiunea normala (de
compresiune) [7];

-Uo = tgp, = 0.35 + 0.9 [7] este coeficientul de frecare
interna a particulelor de sol.

dd

Fig. 4 - Section through the soil displaced by plowshare
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The normal cohesive force of the plowshare is
calculatet using the equation:

Feoezn = Feoezi = SInP * €OS Xy

Where the inclined angle of the lateral side walls of the
furrow is:

B

Because the aggregate is moving with the working
speed v, , the speeds of the extreme points of the
plowshare C and T (Figure 5), on the direction of
movement, are :

Veix = Vex T U1

The speeds of the extreme points of the plowshare is

— / 2 2
Ve1 = Uclx + vcy

determined by the relationship:

INMATEH:-- dquc«itu 2al cgnqenwtmq

Forta de coeziune normalda pe brazdar
calculeaza cu relatia:

se

)
Unde unghiul de inclinare al peretilor laterali ai brazdei
este:
2.
arctg = ®)
L-1p

Deoarece agregatul se deplaseaza cu viteza de
lucru v,, vitezele punctelor extreme ale brazdarului C si T
(figura 5), pe directia de deplasare, sunt:

Veix = Vpix T Uy )

Fig.5 - The speeds of the extreme points of the plowshare

The normal speeds on the surface odthe plowshare in
its extreme points are :

Vein = Vex * SIN(O; + Aeq)

ey, 0, = arctg Zty.
Veix Vtix

Given that rotation speeds of the plowshore points
are maximum in extreme and zero points in joint D,
average speeds of rotation are applied at the point P for
ws > 0 and P’ for w3 < 0, located at a distances d, and

have the values:

Where : 6, = arctg

2
Uppn = 3" Ucin

The plowshare forces acting on soil Q, whose support
through the point P if ws > 0 and the point P 'if wz < 0
causing its acceleration. To determine these forces we
applied the kinetic energy theory [8].

dL =
Where :
-dL is the variation of mechanical work forces Qv;
-dE is the variation of the kinetic energy of the soil
dislodged plowshare.

Vitezele punctelor extreme ale brazdarului se
determina cu relatiile :
— / 2 2
Vitezele normale pe suprafata brazdarului in
punctele extreme ale acestuia sunt:
Vein = Vgy - SIN(O; + Apeq) (11)

17i; 0, = arctgvi
Veix Vtix
Avand Tn vedere ca vitezele de rotatie ale punctelor
brazdarului au valoarea maxima in punctele extreme si
zero in articulatia D, vitezele medii de rotatie sunt
aplicate In punctul P pentru ws > 0, respectiv P pentru
ws3< 0, aflate la distantele d, si au valorile:
2
=3 Utin

Unde : 6, = arctg

Upn
Brazdarul actioneaza asupra solului cu fortele Q, a

caror suport trece prin punctul P dacd ws > 0 si prin

punctul P daca ws; < 0 determinand accelerarea acestuia.

Pentru determinarea acestor forte se aplica teoria energii

cinetice [8].

dE

Unde:

-dL este variatia lucrului mecanic al fortelor Qv ;

(12)

(13)

2
_ V-psol' Vhax—Vmin)
Qv - d=

Where :

Psol is the soil density;

Vmax = Vpnmax ; Vmin = Vpnmin; d = DP = 2/3 DT if ws > 0;
Vmax = Vppnmax ; Vmin = Vppnmin; d = DP’ = 2/3 DC if w3 < 0;

The plowshare normal force which causes the
accelerated soil is calculated using the equation:

24

-dE este variatia energie cinetice a solului dislocat de
brazdar.
14
. (14)
Unde:

Psol €Ste densitatea solului;

Vmax = Vpnmax y Vmin = Vpnmin; d = DP = 2/3 DT daca W3 > 0,

Vmax :Vppnmax ;Vmin = Vppnmin; d = DP’ = 2/3 DC daca (1)3 < O,
Forta normald pe brazdar, care determina

accelerarea solului, se calculeaza cu relatia:
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2
Q — V'Psol'(vrznax_vmin)
v 2-d

The normal resultant force on the plowshare, which
causes tearing and the accelerated soil will be:

Qr = @y

RESULTS

These forces acting in point P for w3 >0 and P’ for
w3 <0 causing the load the tractor PTO shaft.

The normal force on the plowshare Q, and the
rezultant force Q; depends on the machines working
depth aq with values between 50 — 70 cm, on the working
speed v; and the angular velocity of the crank driven
quadrangle mechanism. For the deep soil loosening
machine EAA — 220 the normal force on a plowshare and
the resultant angular speed of the plowshare ws > 0 and
for wz < 0 were calculated for a working depth of ag = 0.5
— 0.7m, work speeds of vi = 0.2 — 1.5 m/s and angular
velocity of the crank w = 57.56 rad/s, the data are
presented in table 1.

(15)

Forta rezultanta normala pe suprafata brazdarului,
care determina ruperea si accelerarea solului, va fi:

Froezn (16)

REZULTATE

Aceste forte actioneaza in punctul P pentru ws> 0 si
P’ pentru w3 < 0 determinand Tncarcarea arborelui prizei
de putere a tractorului.

Forta normald pe brazdar Qy si forta rezultantad Q;
depind de adancimea de lucru a masinii aq cuprinsa intre
50 — 70 cm, de viteza de lucru v, si viteza unghiulara a
manivelei mecanismului patrulater de actionare. Pentru
masina de afanare adanca a solului EAA — 220 s-a
calculat forta normald pe un brazdar si forta normala
rezultantd pentru viteza unghiulara a brazdarului ws > 0
si pentru wsz < 0, pentru adancimea de lucru ag = 0.5 —
0.7m, viteza de lucru vi = 0.2 — 1.5 m/s si viteza

unghiulara a manivelei w =
prezentate Tn tabelul 1.

The calculated values for the normal force on the plowshare Qy and Q

Nr Depth/ Work speed/ | Qv [daN] Qv [daN] Qr [daN] Q:r [daN]
’ [cm] [km/h] ws:;>0 ws<0 w:;>0 ws3<0
1 50 5.4 991 504 2025 1330
2 70 54 2284 1409 3929 2842

3 50 0.72 298 152 1333 979

4 70 0.72 687 426 2333 1859
5 70 4.32 1831 1122 3477 2554
6 50 4.32 795 401 1829 1228
7 60 4.32 1243 704 2571 1822
8 60 1.8 576 318 1904 1436
9 50 2.52 468 232 1502 1058
10 70 2.52 1077 648 2723 2080
11 60 5.4 1550 884 2879 2002
12 60 0.72 467 267 1795 1385
13 60 2.52 732 407 2060 1524

With the values in Table 1 we determined the
multivariate function for calculating the normal forces on
the plowshare when ws > 0 equation 17 and for ws < 0
equation prezented in figure 6 and figure 7.

57.56 rad/s, datele fiind

Tabel 1

Cu valorile din tabelul 1 s-au determinat functiile
multivariabile pentru calculul fortei normale pe brazdar
pentru wz > 0 relatia 17 si ws < 0 relatia 18 n figura 6 si
figura 7 sunt reprezentate grafic aceste functii.

0, = 1964 — 63.251 - az — 505.435 - v + 0.609 - a% + 9.814 - ay - v + 26.542 - v2 (17)
Q, = 1571 —52.165 a4 — 375.7 v + 0.491 - a3 + 6.864 - a4 - v + 17.389 - v? (18)
6
5
Work
speed 4
2000+ (kmi) 218348 | 540939
2
10004
6 1
%y |] A0 N
0 20 40 60 80 0 10 20 30 40 50 60 70 80
Qv Qv Depth (cm)

Fig.6 - The normal forces on the plowshare for ws > 0
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1500
100104
500
%" l NG N457
QT 0 10 20 30 40 50 60 70 &0
Qv Depth (cm)
Fig.7 - The normal forces on the plowshare for. ws<0
The resultant normal force on the plowshare for ws > Forta rezultantd normala pe brazdar pentru ws > 0

0 can be calculated using the equation19 and for wz < 0 se poate calcula cu relatia 19 iar pentru ws < 0 cu relatia
using the equation 20. The graphical representation is 20. Reprezentarea grafica a acestor functii este

shown in figure 8 and figure 9. prezentata in figura 8 si figura 9.
Q, = 1883 — 46.845 - a4 — 505.819 - v + 0.727 - a3 + 9.816 - a4 - v + 26.581 - v? (19)
Q, =1293 —35.885-a; —376.709 - v + 0.607 - aé +6.868-a, v+ 17.507- v? (20)
[
204 303
5
400 4
Waork
300 speed .
200 (kmin)
100 1
0
il 20 40 60 a0 Qr 0 10 20 30 40 50 60 TFO B0
Qr Depth (cm)
Fig.8. The normal forces on the plowshare for ws; >0
EDGELI
2000k
10004
QT Qr 0 10 20 30 40 50 60 70 80
Depth (cm)
Fig.9 - The normal forces on the plowshare for ws; <0
The plowshare friction force Qs and the resultant force Forta de frecare pe brazdar Qs si forta rezultanta Q
Q are determined by the relations: se determina cu relatiile:
Qr=p - Qr Q= |QF+0QF (21)
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The drag force of the deep soil loosening machine
can be calculated using the formula developed by
V.P.Goreacikin. This force is considered proportional to
loosened soil section:

Fi=k'

Where : k is the plowing resistance coefficient;

The drag force for normal movment on the surface of
the plowshare is:

Fin

Where :

-@ is the angle of friction between soil and plowshare
surface;

-aiis the angle of inclination to the horizontal plan

The average drag force and the friction force on the
surface of the plowshare is calculated using the
equations:

— 2? Fin
Finmed - n
The resulting resistance force is:

FR:

For the deep soil loosening machine EAA 220, for two
working deeps, working speed v = 0.76 — 1.4 m/s , a soil
density of 1500 kg/m3 and plowing resistance coefficient
k 0.46 daN/cm’® we calculated with the equations
presented the strength and fracture resistance due to
ground acceleration Q, the resistant force of the
connection rods movement Fgry, the drag force Fr, the
values calculated and the experimentally determined
traction force F; and the momentum necessary for
operating the plowshare Mg,

The data are shown in Table 2.

INMATEH:-- dquc«itu 2al cgnqenwtmq

Forta rezistentd la Tnaintare a masinii de afanare
adanca a solului F; se poate calcula folosind formula
elaborata de V.P.Goreacikin. Aceasta forta se considera
proportionala cu sectiunea solului afanat:

“(L+1
aq (2 b) 22)
Unde: k — este coeficentul de rezistenta la arat;

Forta rezistentd la naintare normalad la suprafata

brazdarului este:
Fi-cosg

_— 23
sin(a;+¢@) (23)
Unde:

-@ este unghiul de frecare dintre sol si suprafata
brazdarului;

-a; este unghiul de Tnclinare al brazdarului fata de planul
orizontal.

Forta rezistenta la inaintare normald medie gi forta de
frecare pe suprafata brazdarului se calculeaza cu

relatiile:
Ff = U Finmea (24)
Forta rezistenta rezultanta este:
2 2
Finmed + Ff (25)

Pentru masina de aféanare adanca a solului EAA —
220, pentru doua adancimi de lucru, viteza de lucru v =
0.76 — 1.4 m/s si un sol cu densitatea de 1500 kg/m® si
coeficentul de rezistenta la arat k = 0.46 daN/cm? s-au
calculat, cu relatiile prezentate, forta rezistenta datorata
ruperii si accelerarii solului Q, forta rezistenta la
deplasarea bielei Frn, forta rezistenta la Tnaintare Fg
precum si valorile calculate si cele determinate
experimental pentru forta de tractiune F; si momentul
necesar actionarii brazdarului Me .

Datele sunt prezentate Tn tabelul 2.

Tabel 2
Theoretical and experimental forces and resistant moments
Nr. Depth Speed Q [daN] Fri Fr Fi [daN] Me [Nm]
crt. [m] [m/s] w:>0 | ws3<0 | [daN] [daN] Calc. Exp. Calc. Exp.
1 0.76 2175 1620 3603 3589 133 139
2 0.6 1.25 2924 1992 629 1447 3980 4027 158 133
3 0.86 3246 2371 4931 4003 188 150
4 0.7 1.4 | 4338 | 3043 | oo | 1908 5565 [ sar2 | 230 | 223
CONCLUSIONS CONcCLuzIl

From the data presented in Table 2 it results that the
resistance forces were correctly determined considering
that between the calculated and experimental values of
traction and momentum required to operate the
plowshare there are very small differences

Also:

-the resistant force to movement of the connecting
rods Fry and drag force Fr is independent of the work
speed but it depends only on the working depth and soil
characteristics;

-the resistant force due to the tear and accelerating
soil has different values depending on the angle of
rotation of the crank handles operating mechanism ws;

-the small difference between the calculated and
experimentally determined values for traction force and
momentum required to operate the plowshare enables us
to say that the assumptions considered in calculating the
resistant forces are correct.

27

Din datele prezentate in tabelul 2 rezulta ca fortele
rezistente au fost corect determinate avand in vedere ca
intre valorile calculate si cele experimentale ale fortei de
tractiune si momentul necesar actionarii brazdarului
diferentele sunt foarte mici.

De asemenea:

-fortele rezistente la deplasarea bielei Fry si forta
rezistenta la Tnaintare Fr nu depind de viteza de lucru ci
numai de adancimea de lucru si caracteristicile solului;

-forta rezistenta datorata ruperii si accelerarii solului
are valori diferite in functie de unghiul de rotatie al
manivelei mecanismului de actionare ws;

-diferenta mica dintre valorile calculate si cele
determinate experimental pentru forta de tractiune si
momentul necesar actionarii unui brazdar ne permite sa
afirmam ca ipotezele avute in vedere la calculul fortelor
rezistente sunt corecte.
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