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Abstract: In this article are presented the original results
obtained by the authors starting from classical works in the
field of energetics optimization of forage harvester combines.
The original models were corrected and developed in the first
article of this series, model in which it was considered a
single speed in the formulas that give the energy consumed
for performing the harvesting works. The model has led to an
original formula for the optimum working speed. Because of
certain objections related to the working process and of
consideration of restrictions, authors considered useful
extending to mathematical models of energy consumption
with two and three speeds. These models consider the
turning speed and the no load speed different from working
speed, but not mandatory. Practically the energy consumed,
depending on objective of the optimization process, becomes
a function of two or three variables. In this paper is presented
the model with two variables, the two-dimensional model. The
bidimensional model considers the consumed energy
dependent on the working speed and the no load speed, the
turning speed being equated with that in no load. This last
assumption will also be abandoned at the three dimensional
model that will be presented in the third article of the series.
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INTRODUCTION

The unidimensional model of consumed energy for
actuating the combine, although initially considered the
consumed energy as a function dependent on the working
speed and the no load speed, makes along the assumption
of equality of these speeds thus transforming a variant of a
two-dimensional model into an unidimensional model. This
hypothesis has inspired the authors the consideration of
models with two and three variables, by introducing firstly the
assumption that the speed in no load equal to that of turning
(the bidimensional model) may differ of the working speed
and then of the assumption that the three speeds could be
different every two between them (the three dimensional
model). In reality it is possible that the no load speed (hamely
move to error zones without that the working bodies to
operate) to be greater than that of working, and the speed of
turning to be somewhat smaller than the speed of working.
The sequence can be reversed in some cases, so that the
consideration of consumed energy cases as a function of two
or three variables is considered necessary [3, 4, 9, 10].

Another critical aspect of unidimensional model from [5] is
related to a restriction of equality type, which is a very
improbable working case and was converted into other
optimization variants in restriction expressed in inequality.
This inequality makes sense of limiting the speed in order not
to exceed a limit flow rate for processing of material into
combine. Thus appeared the use of mathematical
programming to optimize the energy as alternative to the path
proposed in [2], [5] and [6].

An interesting aspect to dimensional models 2 and 3 is
that the optimal speed in no load (at bidimesional models this
includes also the turning speed), respectively the optimal

15

Rezumat: in acest articol se expun rezultate originale
obfinute de autori pornind de la lucrdri clasice in domeniul
optimizdrii energeticii combinelor de recoltat furaje.
Modelele originale au fost corectate si dezvoltate in primul
articol din aceastd serie, model in care s-a considerat o
singurd vitezd in formulele ce dau energia consumata
pentru efectuarea lucrdrilor de recoltare. Modelul a condus
la o formuld originald pentru viteza optimald de lucru.
Datoritd unor obiectii legate de procesul de lucru gi de
considerarea restricfiilor, autorii au considerat utild
extinderea la modele matematice ale energiei consumate
cu doud si trei viteze. Aceste modele consider§ viteza de
intoarcere si viteza in gol diferite de viteza de lucru, nu
obligatoriu ns&. Practic energia consumatd, funcfie
obiectiv a procesului de optimizare, devine o functie de
doud sau trei variabile. Tn acest articol este expus modelul
cu doud variabile, modelul bidimensional. Modelul
bidimensional considerd energia consumatd dependentd
de viteza de lucru si viteza n gol, viteza de intoarcere fiind
asimilatd cu cea n gol. Aceastd ultima presupunere va fi
si ea abandonatd la modelul tridimensional care va fi
expus n al treilea articol al seriei.

Cuvinte cheie: combine, energetica, optimizare

INTRODUCERE

Modelul unidimensional al energiei consumate pentru
actionarea combinei, desi initial considera energia
consumata ca functie dependenta de viteza de lucru si
viteza Tn gol, face pe parcurs ipoteza egalitatii acestor
viteze si transforma astfel o varianta de model
bidimensional ntr-un de model unidimensional. Aceasta
ipoteza a inspirat autorilor considerarea modelelor cu
doua si trei variabile, prin introducerea mai intai a ipotezei
ca viteza n gol egalda cu cea de intoarcere (modelul
bidimensional) poate diferi de viteza in lucru si apoi, a
ipotezei ca cele trei viteze ar putea sa fie diferite fiecare
doua intre ele (modelul tridimensional). Tn realitate se
poate ca viteza n gol (adica deplasare spre zone de
gresuri fara ca organele de lucru sa opereze) sa fie mai
mare ca cea de lucru, iar viteza de intoarcere sa fie ceva
mai mica decét viteza de lucru. Ordinea se poate inversa
in unele cazuri, asa incat considerarea cazurilor energiei
consumate ca functie de doua sau trei variabile este
considerata necesara [3, 4, 9, 10].

Un alt aspect critic la adresa modelului unidimensional
din [5] este legat de o restrictie de tip egalitate, care este
un caz de lucru foarte improbabil si I-am convertit in alte
variante de optimizare in restrictie exprimata in inegalitate.
Aceasta inegalitate are sens de limitare a vitezei pentru a
nu depasi un debit limita de prelucrare a materialului in
combina. Astfel a aparut utilizarea programarii matematice
pentru optimizarea energiei ca alternativa la calea propusa
n [2], [5] sau [6].

Un aspect interesant la modelele 2 si 3 dimensionale
este acela ca viteza optimala in gol (la modelele
bidimesionale aceasta include si viteza de fintoarcere),
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speed in no load and the optimal turning speed are higher
than the optimal working speed (harvesting). It demonstrates
that the choice of speeds in no load or in turning smaller than
the optimal working speed, leads to energy losses smaller
than 2%.

MATERIAL AND METHOD
The first example of optimization by the method of
mathematical programming uses the model (1) of the energy

E= ( fgsByr + fvgsBVr2 + pBpvy + szerZ + Ing)

2C ( 5 ) Ls
+——| fgsBvg + fy0gBvg + P i +—=B
Bug gsbVg + Ty9sbVg * Fpg [I C

completed with the relations (2)

AzR(T—T+2j+e,
2

and (5.58):

Iy :R(H+ZJ+B+e.
2 2

It is obtained the energy expression as a function of
working speed and no load speed and is searching for the
existence of a point of minimum of the energy, with the only
restriction that the two speeds to be positives, otherwise not
having physical sense. This problem is written symbolically in
the form:
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respectiv viteza optimala n gol si viteza optimala de
intoarcere sunt mai mari decéat viteza optimala in lucru
(recoltare). Se demonstreaza ca alegerea unor viteze n
gol sau in Tntoarcere mai mici decat viteza optimala n
lucru, conduce la pierderi energetice mici, sub 2 %.

MATERIAL S| METODA
Primul exemplu de optimizare prin metoda programarii
matematice foloseste modelul (1) al energiei

CL
—+
Bv,

: 1)

completat cu relatiile (2)
)

si (5.58):
®3)

Se obtine expresia energiei ca o functie de viteza in
lucru si viteza Tn gol si se cauta existenta unui punct de
minim al energiei, cu singura restrictie ca cele doua viteze
sa fie pozitive, altfel neavand sens fizic. Aceasta problema
se scrie simbolic sub forma:

vy >0

vg>0

(4)

E(vr,vg) - min

Generally, mathematical programming means a subdomain
of optimization, whose aim is to minimize or maximize a
function, under the conditions of achieving of a number of
conditions (restrictions). If the function and restrictions are
expressed by linear relations in the optimization variables then
the discipline is called linear programming, while otherwise,
nonlinear programming [11]. According to [1], the mathematical
programming is a branch of applied mathematics including the
theoretical principles and numerical methods for solving of
optimization problems (for determining the extremes) of some
functions called function objective or purpose, whose variables
satisfy a system of restrictive relations (expressing the link
between them and the conditions imposed by the possibilities
of the studied process). The quadratic or polynomial
programming elements can be found, for example, in [7].

RESULTS

The numerical methods used in this field of
mathematics are very different, from very simple to very
complexe. These were developed in tens of years of
intense researches, and after the development of electronic
computers, the developed algorithms and programs
allowed the engineers to work with instruments calculating
the optimal points very simple and quickly. One of these
programs is Mathcad 2001 Professional, that we used in
this paper.

Numerically, the Mathcad 2001 Professional software,
usind as starting point vr = 0.5 and vg = 2, obtain for the
optimal speeds working and in no load, the values: vr =
3.234 m/s, vg = 7.655 m/s.

The existence of the minimum point of this surface was
anticipated also graphically, as shown in Fig. 1 and 2.
Minimum is included in the indigo area of the lowest value. To
determine more precisely the point, the chart can be detailed,
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n general, prin programare matematica se intelege un
subdomeniu al optimizarii, al carui scop este minimizarea
sau maximizarea unei functii, Tn conditiile realizarii unei
serii de conditii (restrictii). Daca functia si restrictile se
exprima prin relatii liniare in variabilele de optimizare atunci
disciplina se numeste programare liniara, iar in caz contrar,
programare neliniara [11]. Conform [1], programarea
matematica este o ramura a matematicilor aplicate
cuprinzand principiile teoretice si metodele numerice de
rezolvare a problemelor de optimizare (de determinare a
extremurilor) a unor functii numite functii obiectiv sau scop,
ale caror variabile satisfac un sistem de relatii restrictive
(care exprima legatura dintre ele si conditiile impuse de
posibilitatile procesului studiat). Elemente de programare
patratica sau pozinomiala se gasesc, de exemplu, in [7].

REZULTATE

Metodele numerice folosite in acest domeniu al
matematicii sunt foarte variate, de la foarte simple la foarte
complexe. Acestea au fost dezvoltate in zeci de ani de
cercetari intense, iar dupa dezvoltarea -calculatoarelor
electronice, algoritmii si programele dezvoltate au pus la
indemana inginerilor instrumente de lucru care calculeaza
punctele optimale foarte simplu si rapid. Unul dintre aceste
programe este Mathcad 2001 Professional, pe care I-am
folosit Th aceasta lucrare.

Numeric, programul Mathcad 2001 Professional,
folosind ca punct de start vr = 0,5 si vg = 2, obtine pentru
vitezele optimale n lucru si in gol, valorile: vr = 3,234 m/s,
vg = 7,655 m/s.

Existenta punctului de minim al acestei suprafete era
anticipabila si grafic, dupa cum se vede in fig. 1 si 2.
Minimumul se afla inclus in zona indigo de cea mai mica
valoare. Pentru a determina mai exact punctul, graficul se
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as shown in Fig. 1 and 2, where there were taken larger areas
of speeds to clearly delimit the entire area of minimum.

But the surprise is greater if without other hypotheses it
develops a little the formula (1), without using other
hypotheses. is obtained for energy the shape:

Energy, kWh

speed in working, m’s 27N
viteza in fucru 41

mis

viteza in gol

speed in ne load, m/s

@

2 3
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poate detalia, ca n fig. 1 si 2, unde s-au luat zone mai mari
de viteze pentru a delimita clar Tntrega zona de minimum.

Surpriza este Tnsa mai mare daca fara alte ipoteze se
dezvolta putin formula (1), fara a folosi alte ipoteze. Se
obtine pentru energie forma:

speed inno load, m/s
viteza in gol

Fig. 1 - The surface that represents graphically the function energy which minimizes (in this subchapter) /
Suprafata care reprezinta grafic funcfia energie care se minimizeaza (in acest subcapitol)

H 5

speed in working, m's mfs
veieza in lucru

Fig. 2 - Representation by planar contours of the surface representing graphically the function energy which minimizes in this subchapter /
Reprezentare prin contururi plane a suprafefei ce reprezintg grafic funcfia energie care se minimizeaza n acest subcapitol

Pog -1
E(%,Vg) = gs fCL + ppCL +( fygsCL + popCL) v, +— G- +[2AC+B(C+2Lg) | fgs +
Vi

Q)

Pog [2Ac +B(C+ 2Ls)] =y

+[2AC+B(C+2Lg) | fygsvg +

The surprise consists in that this form of energy is with
separate variables (with regard to the speeds, and the
point of extreme is obtained easy by solving the system of
equations obtained by the annulment of partial derivatives
of the first order in relation to the two speeds:

B Vg

Surpriza consta Tn aceea ca aceata forma a energiei
este cu variabile separate (in ceea ce priveste vitezele, iar
punctul de extrem se obtine usor prin rezolvarea sistemului
de ecuatii obtinut prin anularea derivatelor partiale de
ordinul intai Tn raport cu cele doua viteze:

17
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Solving the system (6) are obtained the speeds which
perform the minimum energy:
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_:0’
ovy

(6)

Rezolvand sistemul (6) se obtin vitezele care realizeaza
energia minima:

Ve = [—/————m—m———,
"\ B(fygs + p2p)
5 (7
vy =, |
Bfyds

A first essential observation is that the optimal solution
(7) no longer depends on the geometry of plot (dimensions
C and L), only the energy (5.85) depends on them. The
independence of optimal speeds of the geometry of the
plot is a useful property and given that generally the plots
are not rectangulars, many of them having quite varied
forms. The independence of optimal speeds of the plot
geometry obtained in the formulas (7), gives the hope that
things are happen as such also for plots of any shape. But
this should be rigorously demonstrated, being a problem
that will remain from this study. But the optimal energy
obviously depends on the geometry of the plot. the optimal
solution (7) depends essentially on the power to the PTO
in no load, parameter introduced following the calibration
necessity of models. Certainly, there are still many aspects
to comment. We limit ourselves to point out that the exact
values of optimal speeds on the data from Table 5.6 are: vr
= 3.234 m/s, vg = 7.651 m/s, consistent with the numerical
calculation. The corresponding minimum energy has the
value of 73.983 kWh. We also underline that this problem
is the pure problem of energy minimization without
imposing also the restriction:

Bvwp-qgq=0

If to the optimization problem (4) is added the condition
(restriction) (8) then is obtained the mathematical
programming problem:

O prima observatie esentiala este aceea ca solutia
optimala (7) nu mai depinde de geometria parcelei
(dimensiunile C si L), numai energia (5.85) depinde de
acestea. Independenta vitezelor optimale de geometria
parcelei este o proprietate utila si avand in vedere faptul ca
in general parcelele nu sunt dreptunghiulare, multe avand
forme destul de variate. Independenta vitezelor optimale
de geometria parcelei obtinuta in formulele (7), da
speranta ca lucrurile se petrac astfel si pentru parcele de
forma oarecare. Acest fapt trebuie Thsa demonstrat riguros,
find o problema ce va raméne in urma acestui studiu.
Energia optimala Tnsa, depinde evident de geometria
parcelei. Solutia optimala (7) depinde Tn mod esential de
puterea la priza in gol, parametru pe care I-am introdus n
urma necesitatii calibrarii modelelor. Sigur ca sunt de
comentat inca multe aspecte. Ne marginim sa subliniem ca
valorile exacte ale vitezelor optimale pe datele din tabelul
5.6 sunt: vr = 3,234 m/s, vg = 7,651 m/s, Tn concordanta cu
calculul numeric. Energia minima corespunzatoare are
valoarea de 73,983 kWh. Mai subliniem ca aceasta
problema este problema pura a minimizarii energiei fara a
impune si restrictia:
®)

Daca problemei de optimizare (4) i se adauga conditia
(restrictia) (8) atunci se obtine problema de programare
matematica:

vy >0

vg>0

: 9)

Bpvr =q

which has a very interesting solution: v, = 1.819 m/s, vy =
7.651 m/s, with the corresponding energy E = 77.29 kWh.
It is noted that the value of the speed in working is the
same as that used in the experiments described in [8] and
very close to the optimal working speed given by the
dimensional model 1 described in the first article of this
series. The solution remains the same also if the restriction
is put in the wider sense, Bpv, < g. This restriction is more
correctly implemented which can be interpreted as a
limitation of speed for the purpose of not to exceed a
maximal flow which may cause clogging or improper
cutting and from here an inadequate quality of harvest.

At this chapter one still has to remark an important
aspect of the problem, namely that around the point of
minimum, area that represents graphically the function of
two variables (5) varies slightly, especially on the direction of
no load speeds axis. This behavior has as a consequence
the fact that, if it can not go practically with the optimal no
load speed, it can be chosen a lower no load speed, without
losing too much energy. This aspect can be seen in the
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care are o solutie foarte interesanta: v, = 1,819 m/s, vg =
7,651 m/s, cu energia corespunzatoare E = 77,29 kWh. Se
observa ca valoarea vitezei in lucru este aceeasi cu cea
folosita in experientele descrise in [8] si foarte apropiata de
viteza de lucru optimala data de modelul 1 dimensional
descris Tn primul articol din aceasta serie. Solutia raméane
aceeasi si daca restrictia se pune in sensul mai larg, Bpv, <
g. Aceasta resrictie este mai corect pusa putédndu-se
interpreta ca o limitare a vitezei In scopul de a nu depasi un
debit maximal care poate produce infundarea sau taierea
necorespunzatoare si de aici o calitate necorespunzatoare
a recoltarii.

La acest capitol mai trebuie remarcat un aspect important
al problemei, anume acela ca n jurul punctului de minim,
suprafata care reprezinta grafic functia de doua variabile
(5), variaza putin, in special pe directia axei vitezelor in gol.
Acest comportament are drept consecinta faptul ca, daca
nu se poate merge practic cu viteza in gol optimala, se
poate alege o viteza in gol mai mica, fara a pierde foarte
multd energie. Acest aspect se poate observa in
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graphical representation in Fig. 3. For example if it takes the
optimal solution (4) or (7) and it can not work with no load
speed higher to the speed in working, then, energy
consumption will be higher than in the optimal point with only
0.16%, that is from the optimal value 73.985 kWh, increases
to 74.106 kWh, which is insignificant. This aspect
characterizes all the models that have been developed from
model built by calibration (described in the first article in the
series). Due to this property it can work with speeds in no
load, conveniently chosen, without having significant losses
of energy. In other words, this family of mathematical models
is characterized by a high tolerance in relation to the
compliance with the optimal speed in no load.
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reprezentarea grafica din fig. 3. De exemplu daca se ia solutia
optimala (4) sau (7), si nu se poate lucra cu viteza n gol
superioara vitezei 1n lucru, atunci, consumul de energie va
fi mai mare decat in punctul optimal cu numai 0,16 %,
adica de la valoarea optima 73,985 kWh, creste la 74,106
kWh, ceea ce este nesemnificativ. Acest aspect
caracterizeaza toate modelele ce au fost dezvoltate din
modelul construit prin calibrare (descrisa in primul articol
din serie). Datoritd acestei proprietati se poate lucra cu
viteze Tn gol convenabil alese, fara a avea pierderi
insemnate de energie. Altfel spus, aceasta familie de
modele matematice este caracterizata de o toleranta mare
n raport cu repectarea vitezei in gol optimale.

kWh 742

741
FE
74

739 .
3 3

7 ] 11

v m's
g

Fig. 3 - Energy variation around the point of minimum, on the the direction of speed in no load /
Variafia energiei in jurul punctului de minim, pe direcfia vitezei in gol

For the speed in working the models are no longer so
tolerant. If it works with a speed equal to half of the optimal
working speed, then results an energetic consumption with
over 6.5% greater than the optimal one.

A bidimensional model of the energy consumed for
harvesting a plot

A more general model for the energy consumed can be
obtained starting from the model 1 - dimensionally described in
the first of the three articles, but considering that there is no a
relation between the speed in working (harvesting) and the no load
speed. Besides the relation which gives the energy consumed by
tractor on a plot at the harvesting with the forage combine wiill
also be considered the relations expressing the length of a
turning and the restriction in the form of equality (all described in
the first article). With these relations and with the notations:

Pentru viteza Tn lucru modelele nu mai sunt atat de
tolerante. Daca se lucreaza cu o viteza egala cu jumatate
din viteza de lucru optimala, atunci rezultd cu consum
energetic cu peste 6,5 % mai mare decét cel optimal.

Un model bidimensional al energiei consumate pentru
recoltarea unei parcele

Un model mai general pentru energia consumata se
poate obtine plecand de la modelul 1-dimensional descris
in primul dintre cele trei articole, dar considerand ca nu
exista o relatie Tntre viteza Tn lucru (recoltare) si viteza in
gol. in afara relatiei care da energia consumata de tractor
pe o parcela la recoltarea cu combina de furaje se vor mai
considera relatile ce exprima lungimea unei intoarceri i
restrictiasub forma de egalitate (toate descrise in primul
articol). Cu aceste relatii si cu notatiile:

PpgPCL
M = fgsCL + ppCL + ——— + 2AfgC (10)
q
N = fy,9sCL + p2pCL (11)
Q =2Af,gsC (12)
U= fgsa(C +2Ls) 13)
S=Ppg (C+2Ls) (14)
2pACP,
T= P oy (15)
q
7 = vasQ((C"'z'-s) (16)

the expression of energy becomes:

expresia energiei devine:
S

v,
E(Vr,Vg) =M + Nv; +Qvg +£+—+Tv—r+2—9I a7

obviously, for v, >0 and v4 >0.

The surface which is the geometrical image of the
function (17), is a surface area that has a point of minimum
in the field of positive speeds. For an easier viewing we

evident, pentru v; >0 si vg >0.

Suprafata care este imaginea geometrica a functiei (17),
este o suprafata care are un punct de minim in domeniul
vitezelor pozitive. Pentru o vizualizare moi ugoara am luat
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took a very broad range of speeds for fig. 4.

The speed range considered is intentionally exaggerated
(working speed between 0.5 and 15 m / s and the speed in
no load between 0.5 and 60 m / s, as well as the length of
the traveled path for the repair of mistakes (45% of the
length of the traveled path in working, at harvest).

It is noticed the dark blue spot of color containing the
point of minimum. The point coordinates of minimum have
the values: v; = 2.708 m/s, vq = 9.334 m/s. These were
obtained by numerical way.

Energy, kWh
Energia
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un domeniu foarte larg de viteze pentru fig 4.

Intervalul de viteze considerat este intentionat exagerat
(viteza n lucru intre 0,5 si 15 m/s, iar viteza in gol intre 0,5
si 60 m/s, precum si lungimea traseului parcurs pentru
repararea gresurillor (45% din lungimea traseului parcurs
n lucru (recoltare).

Se observa pata de culoare albastru inchis care
contine punctul de minim. Coordonatele punctului de
minim au valorile: v, = 2,708 m/s, vg = 9,334 m/s. Acestea
au fost obtinute pe cale numerica.

{
{ .
§ speed in no load. m/s

v f—g  vitezain gol
o0

speed in working, m/s
viteza in fucru

Fig. 4 - The area that is the graphical representation of the function /
Suprafatfa care este reprezentarea graficd a functiei E = E(v,vg)

-------
...........
-----
aan

tmfs 10
I IFTUUPRT TTTI LA ak I
6 e e
SPeed; I
viteza 1
2 .
Du 5 10 T L
BLs
CL

—  speed inworking {
viteza in fucru

25 30 35 40 45
)
100
***** speedinnoload [
vitoza fr gof

Fig. 5 - The increase of optimal speed, in working and in no load, in relation to increasing of the length of traveled path for correcting the
mistakes, expressed as a percentage of the length of the total path traveled in working (harvesting) on the entire plot, for the datas of the
calibration table (given in the first article of this series) / Cresterea vitezelor optimale, in lucru si Tn gol, in raport cu cresterea lungimii
drumului parcurs pentru repararea gresurilor, exprimata ca procent din lungimea drumului total parcurs n lucru (recoltare) pe intreaga
parceld, pentru datele din tabelul de calibrare (dat Tn primul articol al acestei serii)

The graphical representation from fig. 5 shows the way in
which the optimal speeds in working and in no load provided by
this model, varies when it grows the length of the traveled path
for repairing the mistakes. The fact that optimal speed grows,
therefore the point of minimum of the surface E = E(v,vg) is
moving on the vertical in positive sense, is not surprising, being
in agreement with one-dimensional optimization model. The
important aspect highlighted by this representation is that the
speed in no load has higher values than the speed in working
and more, the speed in no load has even much higher values
than the one in working. Thus, it appears also a possible
dependence of some calibration results, especially since is quite
possible that the calibration values not to be unique. This topic is
however a completely different topic concerning models and
calibration, related to the wunivocity of calibration or
consequences of non-uniqueness of calibration. Under the
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Reprezentarea grafica din fig. 5 aratda modul in care
vitezele optimale n lucru si in gol, furnizate de acest
model, variaza atunci cand creste lungimea drumului
parcurs pentru repararea gresurilor. Faptul ca vitezele
optimale cresc, deci punctul de minim al suprafetei E =
E(vi,vg) se deplaseaza pe verticala In sens pozitiv, nu este
surprinzator, este Tn acord cu modelul de optimizare 1-
dimensional. Aspectul important scos in evidenta de
aceasta reprezentare este acela ca viteza in gol are valori
mai mari decat viteza in lucru si mai mult, viteza in gol are
valori chiar cu mult mai mari decét cea in lucru. Apare
astfel si o posibilda dependentd a unor rezultate de
calibrare, mai ales ca este foarte posibil ca valorile de
calibrare sa nu fie unice. Acest subiect este Tnsa un cu totul
alt subiect referitor la modele si calibrare, la univocitatea
calibrarii sau consecintele neunicitatii calibrarii. In aceleasi



Vol. 38, No. 3/2012

same conditions (data from the calibration table), for a journey
without mistakes, is obtained the optimal speed in working with
the value of 0.124 m / s and the optimal speed in no load with
the value of 1.997 m / s. Also, with these observations can be
made one remark on the refining of the model. It is normal that
the speed in no load to be higher than the speed in working, but
this when the machine goes straight or almost on a straight
trajectory, not to the turnings, for example. In order to avoid this
kind of situation, the model could be reformulated with three
speeds: the speed in working, the speed in no load — aiming at
equipment displacements in no load on the sides of the plot or
for the repairing of mistakes and the speed at turnings.

INMATEH — Agricubtusal Engineering

conditii (datele din tabelul de calibrare), pentru un parcurs
fara gresuri, se obtine viteza optimala in lucru cu valoarea
0,124 m/s si viteza n gol optimala cu valoarea 1,997 m/s.
De asemenea, odata cu aceste observatii se poate face
una referitoare si la rafinarea modelului. Este normal ca
viteza Tn gol sa fie mai mare ca viteza in lucru, dar aceasta
atunci cand utilajul merge pe traiectorie dreapta sau
aproape dreapta, nu si la intoarceri, de exemplu. Pentru
evitarea unor situatii de acest tip, modelul ar putea fi
reformulat cu trei viteze: viteza in lucru, viteza in gol — care
vizeaza deplasarile utilajului in gol pe laturile parcelei sau
pentru repararea gresurilor si viteza la intoarceri.
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Fig. 6 - Optimal speeds variation with increasing of vegetal production in the case of a route without mistakes /
Variafia vitezelor optimale cu cregterea productiei vegetale in cazul unui parcurs féré gresuri.

The optimal speeds variation with plant production and
the effect of mistakes appear in Fig. 6 and 7. It is noted
that for routes without mistakesi the speeds varies within a
lower range (Fig. 6), increasing of the length of the road for
mending of mistakes leading to variation in superior
intervals of speed (Fig. 7).

Variatia vitezelor optimale cu productia vegetala efectul
gresurilor apare in fig. 6 si 7. Se observa ca pentru
parcursurile fara gresuri vitezele variaza intr-un interval
inferior (fig. 6), cresterea lungimii drumului pentru
repararea gresurilor conducand la variatia in intervale
superioare de viteza (fig. 7).
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Fig. 7 - Optimal speeds variation with increasing of vegetal production in the case of a route with the length for repairing of mistakes of
15% of length of the road traveled in working / Variafia vitezelor optimale cu cresterea producfiei vegetale in cazul unui parcurs cu
lungimea pentru repararea gresurilor de 15 % din lungimea drumului parcurs in lucru

CONCLUSIONS

Theoretical and numerical results demonstrate that, at
least for the case of calibration studied, the two-dimensional
model is superior to the one-dimensional not only in terms of
fidelity as against reality.

The optimal speeds indicated by theoretical way do not depend
on the dimensions of parcels. Also, it is shown by numerical and
graphical studies that the considerable failure to comply of the
movement speed in no load does not have significant implications
for the energetic consumption (substantial deviation of speed in
no load from the optimal one produces increasing of energetic
consumption compared to the optimal one with negligible
amounts), while relatively small deviations of the working speed
in relation to the optimal one, produces appreciable deviations
of energetic consumption compared to the optimal one.
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CONcCLuzIl

Rezultatele teoretice si numerice demonstreaza ca, cel
putin pentru cazul de calibrare studiat, modelul 2-
dimensional este superior celui 1-dimensional nu numai din
punctul de vedere al fidelitatii fatade realitate.
Vitezele optimale indicate pe cale teoretica nu depind de
dimensiunile parceleor. De asemenea, se arata prin studii
numerice si grafice ca nerespectarea apreciabila a vitezei
de deplasare in gol nu are implicatii semnificative la
consumul energetic (abaterea semnificativa a vitezei in gol
de la cea optimala produce cresterea consumului energetic
fata de cel optimal cu cantitati neglijabile), pe cand abateri
relativ mici ale vitezei de lucru in raport cu cea optimala,
produce abateri apreciabile ale consumului energetic fata
de cel optimal.
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