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Abstract: The researches whose results are presented in
this article aim to theoretically optimize the agricultural
machines designed to prepare the germinating bed. For
ploughing machinery, an optimization method has been
known since 1970-1980.

The movement resistance force of ploughing machines
was expressed in relation with the forward speed by a
formula known since the middle of past century.

By means of this formula, the method of optimizing the
working regime of ploughing machines was achieved. For
the machines designed to preparing the germinating bed,
the formula giving the calculation of movement resistance
does not depend explicitely on speed, and the constant
expressing the soil action in contact with working parts is a
global one- a resistance density per machine working width.

This constant should be experimentally determined.
Our researches have aimed to modify this formula of
calculation of movement resistance similarly with that of
plowing machines and solve the optimizing problem taking
into account the method already used.

The researches frame within a scientific unifying
current in the field of agricultural mechanics, which
purpose is to reduce the diversity of expression by other
procedures and generalization.

Renouncing to use special formulae lead to large
opportunities in conceiving, designing and testing
agricultural machines, the agricultural mechanics formulae
taking their roots in modern science base.
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INTRODUCTION

In order to calculate the resistance force to movement
of machines designed to prepare the germinating bed
(harrows,cultivators, etc.), most specialty literature
proposes a simple formula, e.g. [12], [10], [11], [3]:

R=KB

where R is machine resistance force to forward
movement, K is soil specific resistance against
aggregate working parts , and B is the aggregate
working width.

This formula has two important disadvantages related
to working regime optimization of machines of preparing
the germinating bed.

First of all, the formula does not express the
dependence of the working speed (one of the most
important working parameters).

The second disadvantage is related to constant K,
specific to each machine and which is experimentally
calculated (so, it also depends on natural conditions in
which tests are performed).

Therefore, the formula is, at least theoretically,
useless, in designing process of such a machine. In order
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Rezumat: Cercetdrile ale cdror rezultate sunt prezentate
n acest articol au ca subiect optimizarea teoreticd a
maginilor agricole destinate pregatirii patului germinativ.
Pentru masinile de arat, o metodad de optimizare era
cunoscutd din anii 1970-1980.

Forfa de rezistenta la Tnaintare a masinilor de arat era
exprimatd functie de viteza de finaintare printro formuld
cunoscutd inca de la mijlocul secolului trecut.

Cu ajutorul acestei formule a fost posibild crearea
metodei de optimizarea a regimului de lucru a masinilor de
arat. Pentru masinile de pregaétit patul germinativ, formula
de calcul a rezistenfei la Tnaintare nu prezintd dependenta
explicitd de vitezd, iar constanta care exprima acfiunea
solului Tn contact cu organele de lucru este una globala, o
densitate de rezisten{a pe lafimea de lucrua maginii.

Aceastd constantd trebuie determinatd experimental.
Cercetdrile noastre au vizat modificarea acestei formulei
de calcul a rezistentei la Tnaintare, la o formé& similard cu
cea a maginilor de arat si rezolvarea problemei de
optimizare dupd metoda deja utilizata.

Cerecetdrile se fincadreazd intr-un curent gtiinfific
unificator Tn domeniul mecanicii agricole, al cdarui scop
este reducerea diversitafii exprimdrilor prin generalizare gi
alte procedee.

Reducerea utilizarii unor formule particulare conduce
la perspective largi in concepfia, proiectareagi testarea
maginilor agricole, ancorand formularistica din domeniul
mecanicii agricole adanc in fundamentele stiinfei moderne.
optimizare,

Cuvinte cheie: magini, germinati,

pregadtire, rezistenfa.

pat

INTRODUCERE

Pentru calculul fortei de rezistenta la Tnaintare in cazul
masinilor destinate pregatirii patului germinativ (grape,
cultivatoare, etc.), majoritatea literaturii de specialitate
propune o formula simpla, de exemplu [12], [10], [11], [3]:

@

in care R este forta de rezistentd a masinii la inaintare, K
este rezistenta specifica a solului la actiunea organelor de
lucru ale agregatului, iar B este latimea de lucru a
agregatului.

Aceasta formula are doua dezavantaje importante in
Tncercarea de a optimiza regimul de lucru al masinilor de
pregatit patul germinativ.

Mai Tnt&i, formula nu exprima dependenta de viteza
de lucru (unul dintre cei mai importanti parametri de
lucru).

Al doilea dezavantaj este legat de constanta K,
specifica fecarei masini in parte si care se calculeaza
experimental (deci depinde si de conditiile naturale in care
se fac incercarile).

Prin urmare formula este, cel putin teoretic, inutila in
procesul de proiectare al unei astfel de masini. Pentru a
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to eliminate these shortcomings, a forward resistance
calculation formula has been introduced similar to that
used in case of tillage machines.

This way, the calculation of movement resistance
of machines working in soil can be considered as a
whole.

At international level, we are not the only ones
chosing a unitary description of working parts-soil
relation [5].

MATERIAL S$I METHOD

A second formula widely used in specialty literature for
agricultural machines of preparing the germinating bed has
been introduced.

According to [12], the working capacity of these
machines is calculated by the formula

W =Ko7BY

where W is the working capacity, Ko7 is the coefficient
of using the working time, and V is theoretical working
speed (real), and 0O is the skidding. All the values are
expressed in measuring units framing within the
international metric system, Sl.

An important mesure for estimating the performance of
a certain solution in case of tillage agricultural machines is
the hourly specific fuel consumption per working capacity,
defined as in [12], using the formula:

Cw

where Cy, is the fuel consumption specific to working
capacity unit, and C is the hourly fuel consumption.
Examining the dimensional formula of this value, it is
concluded it is the fuel consumption appropriate to worked
surface.

By means of this formula, the theoretical optimization is
niether possible, nor approachable. Experimental
optimization would be approchable without having the
certitude of solving the problem (finding the optimum
strictly speaking about the function extremum, or only for
determining a wrong working regime).

We need a more complex formula which should also
comprise the working speed. The easiest way to introduce
this important parameter of working regime is to introduce
a more complex formula of calculating the forward
resistance.

We had as inspiration source Goreacikin, [7] formula.
Thus, for the forward resistance of a machine designed to
prepare the germinating bed the following formula is
proposed:

n
R=1G+(k+e9)D 5

where:
R is resistance force to traction;
F is a global friction -coefficient
aggregate parts which contact the soil;
k is a coefficient characterizing the soil specific
resistance to strain;
€is a coefficient depending on the shape of working
parts active surfaces and soil properties (especially
density and humidity, [7]);
si is the size of working surface projection of part of

between the

=Kg7BV(1-9),

slo
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elimina aceste dezavantaje, am introdus o formula de
calcul pentru rezistenta la haintare similara cu cea folosita in
cazul maginilor de arat.

Tn acest fel se realizeaza si o viziune unitaré n ceea ce
priveste calculul rezistentei la Tnaintere a unor magini care au
acelasi subiect de lucru: solul.

Pe plan international nu suntem singurii care
optam pentru o descriere unitara a relatiei organe de
lucru-sol [5].

MATERIAL S| METODA

Se introduce o0 a doua formula larg utilizata in literatura
de specialitate pentru masinile agricole destinate pregatirii
patului germinativ.

Dupa [12], capacitatea de lucru a acestor masini se
calculeaza cu ajutorul formulei:

@

n care W este capacitatea de lucru, Ko7 este coeficientul de
folosire al timpului de lucru, iar V este viteza teoretica de lucru,
V) este viteza de lucru (efectiva), iar 6 este patinarea. Toate
mérimile cu care se lucreaza se considera exprimate in unitati
de masura din sistemul metric international, Sl.

O masura importanta pentru estimarea performantei unei solutii,
n cazul regimului de lucru al maginilor agricole destinate lucrarilor
solului si nu numai, este consumul orar specific de combustibil
pe unitatea de capacitate de lucru, definit ca si in [12], dupa formula:

: ©)

in care Cy, este consumul de combustibil specific
unitatii de capacitate de lucru, iar C este consumul orar de
combustibil. Examinand formula dimensionala a acestei
marimi, se constatda ea este tocmai consumul de
compustibil specific unitatii de suprafata lucrata.

Cu aceste formule, optimizarea teoretica nu este
posibila si nici abordabila. Abordabila ar fi optimizarea pe
cai experimentale, fara a avea certitudinea rezolvarii
problemei (gasirii unui optimum in sens strict de extremum
al unei functii, sau macar de determinare a unui regim de
lucru de compromis).

Avem nevoie de o formuld mai complexa n care sa
apara si viteza de lucru. Calea cea mai usoara pentru
introducerea acestui parametru important al regimului de
lucru, este introducerea unei formule de calcul a
rezistentei la Tnaintare mai complexa.

Am avut ca sursa de inspiratie formula lui Goreacikin,
[7]. Prin urmare, se propune pentru rezistenta la Thaintare
a unei masini destinate pregatirii patului germinativ,
formula:

4

i=1

unde:
R este forta de rezistenta la tractiune;
f este un coeficient de frecare global intre partile
agregatului care vin in contact cu solul;
k este un coeficient care caracterizeaza rezistenta
specifica la deformare a soluluil;
€ este un coeficient care depinde de forma suprafetelor
active ale organelor de lucru si de proprietatile solului
(in special de densitate si umiditate, [7]);
s; este marimea proiectiei suprafetei de lucru a

*in [4] is named specific resistance to soil deformation, not tillage, so a much more general notion, available also for working parts of machines preparing
the germinating bed, and generally for all the machines which parts contact the soil/ In [4] este numit& rezistenta specific & la deformarea solului, nu la arat,
deci o nofiune mult mai generald, aplicabild si in cazul organelor de lucru ale maginilor agricole de prgatit patul germinativ gi, in general, tuturor maginilor

care au organe de lucru in contact cu solul.

22
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index i of the machine in the normal plan to forward
direction;

i is the regularity index of machine designed to
prepare the germinating bed;

n is the total number of machine working parts.

For the dependence of characteristic constants, k and
€ on soil humidity and density, one may inform from [13]
and [14]. One must not negelect the fact that estimates of
soil resistance to deformation under the machines working
parts action can be also made starting from pedological
term. [8].

Some authors, [12], [9], [6], [11], [3], neglect the term
on which the forward speed depends, hypothesis justified
for small working speeds, but annul the chances of finding
an optimum working regime with working speed as
parameter.

The connection with formula (1) can be made easily,
therefore the calculation formula of the resistance specific
to the machine of preparing the germinating bed results:

K:E
B

The resistance force to traction generated by complex
machines of preparing the germinating bed can have more
complex forms than (4), because the working parts
surfaces and their coefficients €, depending also on the
shape of working part may be different.

Thus, a more complex formula of traction resistance
would be:
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organului de indice i al masinii pe planul normal la

directia de Tnaintare;

i este indicele de ordine al organului masinii de pregatit

patul germinativ;

n este numarul total al organelor de lucru ale masinii.

Pentru dependenta constantelor caracteristice, k si &
de umiditatea solului si de densitatea acestuia, se pot
consulta [13] si [14]. Nu trebuie neglijat faptul ca estimari
ale rezistentei la deformare a solului supus actiunii
organelor de lucru ale masinilor agricole se pot face si
plecand de la fundamente de natura pedologica, [8].

Unii autori, [12], [9], [6], [11], [3], neglijeaza termenul
care depinde de viteza de Tnaintare, ipoteza motivata
pentru viteze mici de lucru, dar anuleaza sansele de cautare
a unui regim optim de lucru avand ca parametru viteza de
lucru.

Legatura cu formula (1) se poate face usor, de unde
rezulta formula de calcul a rezistentei specifice a maginii
de pregatit patul germinativ in sensul clasic:

®)

Forta de rezistenta la tractiune generatd de masinile
complexe de pregatit patul germinativ, poate avea forme mai
complexe decét (4), datorita faptului ca nu numai suprafetele
unora dintre organele de lucru diferd, ci si coeficientii €, care
depind si de forma suprafetei organului de lucru.

in acest caz, o formuld mai completa de rezistenta la
tractiune, ar avea forma:

n n
R=fG+kIZIZs1 +V|2|ZI28is1- (6)
< <

where coefficients & characterize each working part
surface. For a more general form of resistance force of an
agricultural machine designed to tillage works, are
recommended [2] or [5].

One of the classical methods of optimizing the working
regime for tillage equipment is that of finding the optimum
working speed for which the working capacity is set at a
certain value.

This type of problem is explicitely found in
specialty literature, but only for classical plowing
aggregates, [12], [4].

Due to model (4) or (6) of resistance force to
movement, the optimization calculus comprises also the
machines preparing the germinating bed.

Let us suppose that the hypothesis of an established
capacity of work, Wyis accepted.

Furthermore, it is accepted the hypothesis that the factor
containing the area of surface of impact between the working
parts and soil allow to be expressed as a product of machine
working width, B and another factor, A:

unde coeficientii § caracterizeaza fiecare suprafata a fiecarui
organ sau tip de organ lucru in parte. Pentru o forma ceva
mai generala a fortei de rezistentd a unei magini agricole
destinata lucrarilor solului, se recomanda [2] sau [5].

Una dintre metodele clasice de optimizare a regimului de
lucru pentru utilajele de lucrat solul este aceea de a gasi
viteza de lucru optima pentru care capacitatea de lucru este
fixata la o valoare data.

Acest tip de problema se gaseste in mod explicit Tn
literatura de specialitate, dar numai pentru cazul clasic al
agregatelor de arat, [12], [4].

Gratie modelului (4) sau (6) al fortei de rezistenta la
Tnaintare, calculul de optimizare se extinde asupra maginilor
destinate pregatirii patului germinativ.

Sa presupunem ca se accepta ipoteza lucrului cu o
capacitate de lucru fixata, Wo.

in plus se accepta ipoteza ca factorul care contine aria
suprafetei de impact intre organele de lucru si sol, admite
0 exprimare ca produs intre latimea de lucru a masginii, B si
un alt factor, A:

n
ZS' =BIA. ™
i=1

Using (7) and explaining the working width from (2),
taking into account the hypotheses above, we obtain the
following form of forward resistance of machine of
preparing the germinating bed:

Folosind (7) si explicitand latimea de lucru din (2),
tinind seama de ipotezele de mai sus, se obtine
urmatoarea forma a rezistentei la Thaintare a masinii de
pregatit patul germinativ:

R= G+ A | AW, ®)

KoV

RESULTS
If we consider R as a function of a single argument, V,,
the rest being considered as constant, the extremum

Koz

REZULTATE
Daca privim pe R ca functie de un singur argument, V,,
restul fiind considerati constanti, se pot cauta punctele de
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points (eventual optimum points) can be searched among
the first derivative zeros.

AR _ AWy
dvi Koz

Solving the equation (9), it is obtained the solution:
value of the unique positive extremum point (domain of
definition of R as function of V,, is included within the real
positive number system). The expression of critical speed is:

k
Mmin :\/;

As for solving the optimum point problem of plowing
machines, the critical speed has not only the same
expression, but it is also a minimum point for forward
resistance, as it is shown by figures of the first derivative.
The expression of minimum value of resistance force to
movement is the following:

Rrin = RVimin) = 1G + 20 fig
Koz

An exemple of calculation demonstrates the model
utility. Let's take the case of a tractor A-1800 -harrow GDU
with roller aggregate.

The harrow is equipped with 32 discs of 610 mm
diameter and 610mm radius of curvature.

The tilting angle of plan of discs to the forward direction
is of 15°, and the working depth is 15 cm.

According to [1], in this case, the area of contact
surface with soil is 0.009 m? for each disc, totally for all the

3
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extremum (eventuale puncte de optimum) printre zerourile
derivatei intai.

0 9

Rezolvand ecuatia (9), se obtine solutia: valoarea
unicului punct de extremum pozitiv (domeniul de defintie al
lui R ca functie de V), este inclus in multimea numerelor
reale pozitive). Expresia vitezei critice este:

(10)

Ca si In cazul rezolvarii problemei de optimum pentru
masinile de arat, viteza criticd nu numai ca are aceeasi
expresie, dar este tot un punct de minimum pentru
rezistenta la Tnaintare, dupa cum aratd alternanta de
semne a primei derivate. Expresia valorii minime a fortei
de rezistenta la Tnaintare este urmatoarea:

11)

Un exemplu de calcul demonstreaza utilitatea
modelului. Fie cazul unui agregat tractor A-1800 — grapa
GDU echipata cu tavalug.

Grapa este echipata cu 32 de discuri de diametru 610
mm si raza de curbura tot 610 mm.

Unghiul de inclinare al planului discurilor fata de directia de
Tnaintare este de 15°, iar adancimea de lucru este 15 cm.

Conform [1], in acest caz aria suprafetei de contact cu
solul este 0,009 m? pentru fiecare disc, in total, pentru toate

n n
discs ZS =0.289 m?. The machine working width is B=4 discurile Z s =0,289 m’. Latimea de lucru a maginii este B=4

i=1
m. Therefore, starting from formula (7) it is got A= 0.072 m.
For harrow weight together with the roller equal to 36030
N, coefficient of friction f=0.4, &1500 kg/ms, k= 10000
N/m?, working speed 2.45 m/s with skidding of 15.9 %
(stubble), the traction force of 19618 N is obtained. If a
working capacity of 3.235 ha/hour 8.986 m2/s) is required,
then the optimum working speed would be of 2.582 m/s,
while the traction force would be 19906 N.

CONCLUSIONS

The working process of machine of preparing the
germinating bed can be improved at the working capacity
required, W,, chosing the working speed (10),
characterized exclusively by soil features and properties of
working parts contacting the soil.

This way, a minimum value for the resistance force of
the machine is obtained, given by the expression (11) and
implicitely the fuel consumption and other environment and
technico-economic parameters are diminished.

It is noticeable that the optimum speed, (10), depends
only on soil features and on the properties of working parts
of respective machine (by means of coefficient &).But, the
optimum force, (11), depends on several parameters.

For form (6) of forward resistance force function, the
calculation becomes more complex and the conclusion
may not be as simple as in the above case. It is possible
that optimization can be performed only by numerical
method.

In [5], the traction efficiency is suggerated as a possible
function or target functional during the optimization process.
This is another possible way of optimization.

The utilization of new calculation formulae proposed in

24

i=1
m. Prin urmare, din formula (7) se obtine A= 0,072 m.
Pentru greutatea grapei Tmpreuna cu tavalugul egala cu
36030 N, coeficientul de frecare f=0,4, &=1500 kg/ms, k=
10000 N/mz, viteza de lucru 2,45 m/s cu patinarea de 15,9
% (mirigte), se obtine forta de tractiune cu valoarea 19618
N. Daca se cere o capacitate de lucru de 3,235 ha/ora (8,986
m2/s), viteza optima de lucru ar fi 2,582 m/s, caz in care forta
de tractiune ar lua valoarea 19906 N.

CONCLUZII

Procesul de lucru al masinii de pregatit patul germinativ
poate fi optimizat la capacitatea de lucru necesara, Wo,
alegadnd viteza de lucru (10), caracterizata exclusiv de
proprietatle solului gi ale organelor de lucru aflate n
contact cu solul.

Se obtine astfel o valoare minima pentru forta de
rezistentd opusa de masina, datd de expresia (11) si
implicit se minimizeaza consumul de combustibil precum si
alti parametri tehnico - economici si de mediu.

Se observa ca viteza optima, (10), nu depinde decét de
proprietatile solului si proprietatile suprafetelor organelor de lucru
ale masginii de pregatit patul germinativ (prin intermediul coeficientului
§. Forta optima, (11), depinde Tnsa de mai multi parametri.

Pentru forma (6) a functiei forta de rezistenta la
Tnaintare, calculul se complica si nu se stie daca conduce
la 0 concluzie la fel de simpla ca in cazul de mai sus. Este
posibil ca optimizarea sa se poata face numai pe cale
numerica.

n [5] se sugereaza ca posibila functie sau functionala
obiectiv in procesul de optimizare, eficienta tractiunii.
Aceasta este 0 alta cale posibila de optimizare.

Folosirea noilor formule de calcul, propuse Tn acest articol,
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this article, (4) or (6), is more laboroius, but has a few
advantages. First of all, the calculation is in compliance
with modern science basis, being expressed in classical
terms of mechanics of continous media mechanics (forces,
voltage, mass densities, speed), the most appropriate
domain for mechanically modeling the soil.

Secondly, within the formulae appear the geometrical
characteristics of working parts and the physical features
of tillage machines working regime, particularly those of
machines designed to prepare the germinating bed.

In formulae, other parameters presently not appearing
explicitely may be intoduced, such as soil humidity, soil
non-uniform structure in depth and others.

In the third place, the formulae, the calculation method
and the results obtained allow objective comparisons
between the same type of machines among the tillage
machines, possibly for chosing certain optimum variants in
terms of agro-climate conditions.

Solving the problem of improving the working regime of
aggregates designed to prepare the germinating bed
should be done taking into consideration the whole
phenomenon, which besides the economic aspect tackled
in this article has to include the limits generated by the
working speed negative effects on quality of operations
performed (breakage degree, laterally soil throwing, etc.).
These are aspects taken in view within our on-going
researches.
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(4) sau (6), este mai laborioasa, dar are cateva avantaje. In
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stiintei moderne, exprimarea fiind in termeni clasici ai mecanicii
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cele pentru pregatirea patului germinativ.

In formule se pot introduce inca si alti parametri care,
deocamdata, nu apar Th mod explicit, cum ar fi umiditatea
solului, structura neuniforma a solului in adancime si altii.

in al treilea rand, formulele si metoda de calcul, ca si rezultatele
obtinute permit comparatii obiective ntre masini de acelasi tip dintre
cele destinate lucrarilor solului, eventual in scopul alegerii unor
variante optime functie de conditile agrometeorologice medii
care caracterizeaza o zona de uz agricol.

Rezolvarea problemei de optimizare a regimului dee
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agricole efectuate (gradul de maruntire, aruncarea laterala
a solului, etc.). Acestea sunt aspecte avute in vedere n
continuarea cercetarilor noastre.
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