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STUDIES AND RESEARCHES ON ENERGETIC OPTIMIZATION OF FODDER HARVESTING
COMBINES-UNIDIMENSIONAL MODELS

/

STUDII §I CERCETARI ASUPRA OPTIMIZARII ENERGETICII COMBINELOR DE RECOLTAT
FURAJE — MODELE UNIDIMENSIONALE

Math. Cardei P. ¥, Eng. Sfiru R. ), PhD. Stud.

Abstract: This article is the first among a series of three
articles describing mathematical models of fodder
harvesting combines energegetics, in order to optimize
their working regimes. Starting from scientific literature of
1970-1980s, the classical models have been improved
and adjusted, obtaining new models and results. The
calibrating method of mathematical models is shown in
order to determine the model constants which are not
given by specialty literature. There are made references to
manner of validating the results and possible applications
in a wider domain of technique and science. The three
articles are structured according to complexity of
mathematical models elaborated and used for
optimization. The first article deals with generalities and
unidimentional model, namely that model considering a
uniqgue speed for working regime, idle speed and at
turnings. The second contains models that consider the
working speed and turning speed equal to idle speed, and
the third one will describe the models containing the three
speeds as independent variables.
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INTRODUCTION

Optimization of agricultural machines and equipment
energetics is a continous concern, especially in this era
marked not only by fossile fuel crisis, being generally an
energetic crisis, but also by the negative change of planet
climate determined by the increased consumption of
fossile fuels and power.

As a general rule, this theme, focused on agricultural
machines and equipment has not been widely tackled in
specialty literature, being rather difficult to solve, unless
optimum combinations of parameters are obtained, as the
energetic terms structure is in such a way that optimum
points strictly speaking (local extremum points of aim or
objective functions) almost do not exist, without
introducing additional terms, or calculation special
restrictions.. There are theoretical approaches but also
experimental approaches of optimization or energetic
efficiency increment of agricultural machinery. Among the
few relevant references, we started from Romanian
specialty literature, [1], [3], [4], where we could find articles
treating about the cereal and fodder harvesting combines
energetics optimization. The manner in which the problem
is dealt with is clear and simple. Nevertheless, in some
formulae, mistakes appeared, which should be corrected.
Therefore, none of mathematical models elaborated within
the paper is similar to those given in [1], [3] and [4].
Mathematical models developed within this paper have
started from criticisms addressed to models elaborated in
[1], [3] and [4]. Another reason for which the models built
in this paper differ from those in [1], [3] and [4], is that
new terms beside the above authors, have been
introduced. On the one hand, these terms have been
introduced for enabling the calibration of the model on
basis of experimental data, and on the other hand new
variables have been introduced, because it is natural that
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Rezumat: Acest articol este primul dintr-o serie de trei
articole dedicate descrierii unor modele matematice ale
energeticii combinelor de recoltat furaje, modele folosite
pentru optimizarea regimurilor de lucru ale acestor utilaje
agricole. Pornind de la literatura stiinfificd a anilor 1970-
1980, modelele clasice au fost imbunatéatite si corectate,
obfinandu-se modele si rezultate noi. Se ilustreazd modul
de calibrare a modelelor matematice in scopul determindrii
constantelor de model care nu sunt date in literatura de
specialitate. Se fac referiri la modul de validare a rezultatelor
si la aplicafiile posibile Tntr-un domeniu mult mai larg n cadrul
tehnicii gi stiinfei. Cele trei articole sunt structurate dupd
complexitatea modelelor matematice elaborate si folosite
pentru optimizare. Primul se ocupd de generalitdfi si de
modelul unidimensional, adicad cel care considerd o singura
viteza pentru regimul in lucru, in gol si la intoarcere. Al doilea
articol confine modele care considerd viteza in lucru si viteza
de intoarcere egald cu cea in gol, iar al treilea articol va
descrie modelele care confin cele trei viteze ca variabile
independente.

Cuvinte cheie: combind, energeticd, optimizare

INTRODUCERE

Optimizarea energeticii masginilor si echipamentelor
agricole este o preocupare permanenta, mai ales in
aceasta epoca marcata nu numai de criza combustibililor
fosili si in general energetica, ci si de modificarile negative
ale climatului planetar datorate cresterii masive a
consumului de combustibili fosili si de energie.

n general, tema, centrata pe masini si utilaje agricole,
nu este foarte mult abordata in literatura de specialitate,
fiind destul de greu rezolvabild pana la obtinerea unor
combinatii optimale de parametri, deoarece structura
termenilor energetici ai acestora este de asa natura incat
puncte optimale in sens strict (de puncte de extremum
locale ale unor functii scop sau obiectiv) aproape ca nu
exista, fara introducerea unor termeni suplimentari sau a
unor restrictii speciale in calcul. Exista abordari teoretice,
dar si experimentale ale problemei optimizarii sau cresterii
eficientei energetice a maginilor si utilajelor egricole. Din
putinul material bibliografic, am pornit de la literatura
romaneasca de specialitate, [1], [3], [4], unde am gasit o
abordare a optimizarii energeticii combinelor de recoltat
cereale sau furaje. Metoda de abordare a problemei este
clara si simpla. Totusi in unele formule s-au strecurat
greseli care au trebuit indreptate. Pentru acest motiv,
niciunul dintre modelele matematice elaborate n lucrare
nu este similar celor date in [1], [3] si [4]. Modelele
matematice dezvoltate in lucrare au plecat de la criticile
aduse modelelor elaborate in [1], [3] si [4]. Un alt motiv
pentru care modelele construite in lucrare difera de cele
din [1], [3] si [4], este acela ca s-au introdus termeni noi
fata de lucrarile autorilor susmentionati. Pe de-o parte s-
au introdus acesti termeni pentru a putea calibra modelul
cu date experimentale, iar pe de alta parte s-au introdus
variabile noi Tntrucét ni se pare natural ca viteza in gol, la
deplasarea spre 0 zona de gres, sau viteza de intoarcere,
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the idle speed when moving to a dislevelment area, or the
reverse rate should not be equal or simple relations
between them should not exist. During the modeling activity,
starting from power needed to idle driving of combine
working parts, it was considered as interesting to model
and estimate the existance of optimum points, and, at idle
driving and turning, the power supply from PTO is stopped
(either by the tractor driver or by means of an automated
device based on sensors which are able to perceive the
absence of vegetal matter in front of cutting device).

In this article we will present the classical model obtained
from correcting and completing the model from [1], [3] and [4],
model with a single variable, a unique speed 6, 7, 8].

MATERIAL AND METHOD

In order to optimize the energetics of the tractor-
trailed fodder harvesting combine aggregate, we will
follow a way similar to that from [1], [3] and [4], where
such a calculation is made for self-carried combines.
Method used in [1], [3], [4] is clear, consisting of the
following stages: writting down the power balance of
cereal harvesting combine; obtaining the energetic
balance out of power balance by multiplying each power term
by the suitable working time; replacing the time according to
plot characteristics and working speed (real speed, idle
speed,at turnings); optimization of energetic consumption
simultaneously with improving the working capacity.

In table 1 is presented the list comprising the model
parameters, so that their explanation should not be
necessary for each formula.
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sa nu fie egale intre ele, sau, sa nu existe relatii simple
intre acestea. Pe parcursul activitatii de modelare, pornind
de la puterea necesara actionarii in gol a organelor de
lucru ale combinei, s-a considerat interesant sa se
modeleze si sa estimeze existenta unor puncte optimale si
n cazul In care la deplasarile Tn gol si Intoarceri, debitarea
de putere la priza de putere se opreste (fie de catre
tractorist, fie cu ajutorul unui dispozitiv automat bazat pe
senzori care pot sesiza absenta materialului de vegetal
din fata aparatului de taiere).

n acest articol se va prezenta modelul clasic obtinut
prin corectarea si completarea modelului din [1], [3] si [4],
model cu o singura variabila, o singura viteza [6, 7, 8].

MATERIAL S| METODA

Pentru a Thcerca sa ajungem la optimizarea energeticii
agregatului format din tractor si combina tractata de recoltat
furaje, vom urma o cale asemanatoare cu cea din [1], [3] si [4],
unde se face un astfel de calcul pentru combine
autopurtate. Metoda folosita in [1], [3], [4] este clara,
constdnd Tn urmatoarele etape: scrierea bilantului de
putere al combinei de recoltat cereale; obtinerea bilantului
energetic din cel de putere prin inmultirea fiecarui termen
putere cu timpul de lucru corespunzator; Thlocuirea timpului
functie de caracteristicile parcelei si vitezele de lucru
(efectiv, In gol, la Tntoarceri); optimizarea consumului
energetic simultan cu maximizarea capacitatii de lucru.

Tn tabelul 1 se prezinta lista parametrilor modelului,
astfel Tncat sa nu fie nevoie explicitarea acestora la fiecare
formula intalnita.

Table 1/ Tabelul 1

List of parameters of mathematical model used for optimizing the energetics of tractor-trailed fodder harvesting combine aggregate / Lista
parametrilor modelului matematic folosit la optimizarea energeticii agregatului tractor-combina tractatd de recoltat furaje

No./Nr. Parameter / Parametrul Notation / Nota _tie MU / UM

1 Gravity acceleration / Accelerafia gravitafionald g ms~
Increment coefficient of energy specific for acting the harvesting parts / Coeficient 2 1 -1

2 . o ) : Par Wskg™m
de crestere a energiei specifice pentru actionarea organelor active la recoltare

3 Increment coefficient of resistance force to movement / f smt
Coeficientul de crestere a fortei de rezistenta la deplasare v
Friction coefficient of combine wheels rolling on soil /

4 e h S f -
Coeficientul de frecare la rularea rofilor combinei pe sol

5 Cefficient of connection between the idle speed and working speed / B )
Coeficientul de legatura intre viteza in gol si viteza in lucru

6 Maximum allowable flow rate / Debitul maxim admisibil q kgs'1

7 Distance from the plot edge to the road / Distanta de la marginea parcelei la drum e m
Specific energy for acting the active parts when harvesting / 1

8 - = ) - p1 Wskg
Energia specificd pentru actionarea organelor active la recoltare
Coefficient of increment of energy specific to drive the active parts in work / 2y L1

9 L e o - R p2 Ws“kg™m
Coeficient de crestere a energiei specifice pentru actionarea organelor active in lucru
Specific weight of combine on working width / (M+m)m 4

10 e - > s = Nm
Greutatea specificd a combinei pe l&fimea de lucru B

11 Combine working width / Latimea de lucru a combinei B m

12 Plot width / Lafimea parcelei C m

13 Plot length / Lungimea parcelei L m

14 Length of path run for repairing the dislevelments / Ls m
Lungimea traseului parcurs pentru repararea gresurilor

15 One turning’s length / Lungimea unei intoarceri li m

16 Combine mass / Masa combinei M kg

17 Equipment mass / Masa echipamentului El m kg

18 | Production appropriate to surface unit / Productfia specificd unitéfii de suprafafad P kgm*

19 Power consumed at PTO in idle speed / Puterea consumatd la priza in gol Ppg W

20 | Power consumed at PTO in idle speed / Puterea consumatd la priza in gol P pger w

21 Real power at PTO / Puterea efectivd la priza de putere Py W

22 Real power at PTO / Puterea efectivd la priza de putere P pet w

23 Real power for combine trailing / Puterea efectivd pentru tractarea combinei Pret W

24 Power necessary for acting the combine active parts in idle speed / P W
Puterea necesard pentru actionarea organelor de lucru ale combinei in gol 9

25 Power necessary for combine towing / Puterea necesara pentru tractarea combinei Py W
Total effective power needed to drive the combine during work /

26 - s ) e . Pret w
Puterea totald efectiva pentru actionarea combinei in timpul lucrului

27 Radius of turning / Raza de intoarcere R m
Time necessary to turning / Timpul necesar intoarcerilor ti S

28 | Working time in idle speed / Timpul de lucru in gol tq S
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No./Nr. Parameter / Parametrul Notation / Nota tie MU / UM
29 | Working time at harvesting / Timpul de lucru n recoltare tr S
30 | Working speed (when harvesting or in load / Viteza de lucru (in recoltare sau sarcin&) Vi,V m/s
31 Idle speed / Viteza in gol Vg m/s
32 | Turning speed / Viteza la intoarceri Vi m/s
33 Specific fuel consumption of engine per HP and hour / c kaCPh

Consumul specific de combustibil al motorului pe cal putere gi ora hep 9
Balance of power of fodder harvesting combine — a Bilan tul de putere al combinei de recoltat furaje - o]

partition of power balance which is simplified

Authors [1] make a simplified power balance in order
to solve as simply as possible the aggregate energetics
optimization. In this chapter, a correct solution to problem
from [1], generalized by two relations allowing to consider
complex approaching situations will be given. So, it will be
considered the power necessary to tow the trailed
harvesting combine, Py, as:

gsfByy + gstBvrz, pentru lucru in sarcina (recoltare)

parti fie a bilan fului de putere simplificat &

Autorii [1] fac un bilant de putere simplificat pentru a
rezolva cat mai usor optimizarea energeticii agregatului. In
acest capitol se va da o solutie corecta a problemei din
[1], generalizata prin doua relatii care permit considerarea
unor situatii complexe de lucru. Astfel, se va considera
puterea necesara tractiunii combinei tractate de recoltat
furaje, P, de forma:

1)

gsfBvg + gSfVBvé, pentru lucru in gol (la intoarceri)

And for power acted at PTO:

Ppg + P1BPV; + szpvrz, pentru lucru in sarcina (recoltare, p>0)

iar pentru puterea actionarii la priza:

)

Ppg.. pentru lucru in gol (p=0)

The second degree terms of working speed and idle
speed are introduced to enable the appearance of an
objective function which should have an optimum point as
local extremum ,therefore minimizing the consumed
energy. These terms contain the working speed square
and idle speed square, as well as in case of machines for
soil works, especially ploughs, [2]. Authors [1] have
introduced the square term in working speed, v, and
adding the square term in idle speed, vq, represents a first
original contribution of the author. The existence of this
term is niether sure nor experimentally checked, but as we
shall see, the experimental data allow the calibration of
such a model.

For fodder harvesting using the method of circular
displacing with turnings at the fourth points of the plot, the
following formula representing the length of one turn, is
obtained:

The working time during harvesting, according to [1], is
given by:

ty

Termenii de gradul al doilea Tn viteza in lucru si n
viteaza n gol sunt introdusi pentru a face posibila aparitia
unei functii obiectiv care sa aiba un punct optimal in sens
clasic de extremum local, In acest caz, minimizand
energia consumata. Acesti termeni contin patratul vitezei
de lucru si patratul vitezei in gol, ca si la masinile destinate
lucrarilor solului, Tn special pluguri, [2]. Autorii [1] au
introdus termenul patratic in viteza de lucru, v, iar
adaugarea termenului patratic in viteza in gol, vq, este o
prima contributie originald a autorului. Nu este sigura
existenta acestui termen, gi foarte probabil nici nu s-a
verificat experimental, dar, asa cum se va vedea, datele
experimentale permit calibrarea unui astfel de model.

Pentru recoltarea furajelor, folosind metoda de
deplasare circulara cu intoarceri in cele patru colturi ale
parcelei, se obtine urmatoarea formula pentru lungimea
unei Intoarceri:

i =R[ L+2 +Ble (3)
2 2
Timpul de lucru Tn recoltare, conform [1], este dat
de:
_CL ’ (4)
Bv,

And the idle time in work (turnings and distances run
for repairing the dislevelments), according to [1]:

_2C (
tg bel—
ng

In these conditions, the energy consumed by the tractor on
a plot when harvesting with fodder combine is obtained by
multiplying the working power (harvesting), respectively
without load, by the working time, respectively without load.

jiar timpul de lucru in gol (intoarceri gi distante
parcurse pentru repararea gresurilor), tot conform [1]:

! +LSBJ ©)

C

In aceste conditii energia consumata de tractor pe o
parcela la recoltarea cu combina de furaje, se obtine

fnmultind puterile in lucru (recoltare), respectiv in gol, cu

timpii Tn lucru, respectiv in gol.

E :( fgsBvy + fvgsBVr2 + pBpvy + pZBPVr2 + Ing)&+
Bv; ©)
2C ( 2 ) Lg
+——| fgsBvg + fy,gsBvg + P li+—=B
B gsbvVg * IygsbVg *+ Fpg ( IS
Noting: Notand:
A= R(72T+2j+e )

And considering the linear relation between idle speed

si considerand relatia liniara intre viteza In gol si viteza



Vol. 38, No. 3/2012

and working speed (a second original contribution):
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n lucru (o a doua contributie originala):

vg =BV 8

And, at the same time, according to [1], considering the
additional relation:

si, de asemenea conform cu [1], considerand relatia
suplimentara:

Bvp—-q=0 )

relation (9) being considered as a limit, then,
eliminating the working width between (6) and (9), using
for simplifying the notations:

relatia (9) fiind considerata o restrictie, apoi eliminand
latimea de lucru intre (6) si (9), folosind pentru simplificare
notatiile:

PygpC(C +2A C+2L
M = gg fCL + poCL + 2gg fCA+ - P9° g ), f,Os Ba( s) (10)
N = f,gsCL + 2f,gsCBA+ popCL (11)
and Si
_ (pPpg +0s fq)(C +2Lg) 12)
&

A simple expression of energy is obtained (14): se obtine o expresie simpla a energiei (14):

E=E(V)=M v+ S (13)
Y

considering v > 0. Energy, depending on working speed v,
has a minimum point whose abscissa (speed which
reduces energy), is got by annuling the first derivative of E:

considerand v > 0. Energia, ca functie de viteza de lucru v, are
un punct de minim a carui abscisa (viteza care minimizeaza
energia), se obtine anuland prima derivata a lui E:

€ _y-Q_ (14)
dv V2
From where: de unde:
Vmin =\/% (15)
respectively: respectiv:
Emin =M +2/NQ (16)

Introducing (12) and (11) within the expression of optimum
speed (15), is obtained the following expression of this speed:

Introducénd (12) si (11) in expresia vitezei optimale
(15), se obtine urmatoarea expresie a acestei viteze:

(Pppg +0s fq)(C +2Lg)

17

Vmin =

This solution presents two generalizations in
comparison with solution from [1], concretized in formulae
(2) and (8). Solution is slightly modified taking into
consideration the power necessary to idle displacement at
PTO, which in [1] is not performed at the harvesting
working regime. In this test, we considered the power
necessary at PTO as load regime, as being the amount of
power measured in idle speed at PTO and other two terms
depending on linear and square working speed (2).

RESULTS

Solutions similar to that above, obtained by generalization
and corrections, according to [4], are confortable solutions
given by analytical calculation and emphasize the role and
influence of each parameter involved. These solutions are
classified by the authors [4] or [11, as belonging to problems of
optimum with connections. Energy function E is the goal function,
and relation of flow rate calculation, (9), is according to [4], the
function or relation of restriction. The authors solution in [4] or [1]
is Lagrange method of multipliers. In this paper, a simpler
and smarter solution was given, comprehensible at level of
elementary mathematical analysis.

In order to obtain a point of optimum, namely a
working speed which should minimize one of the
parameters  defining the aggregate energetics,
considering a simple expression of this parameter is not
enough, precisely the very energy consumed for one plot
harvesting. The natural structure of energy function
(also, power, traction force or moment at PTO, etc.) does
not allow to deduce an optimum speed which minimizes
one of these objective functions, classically speaking ( a

PC( fygsL +2f,gPA+ psz)

Aceasta solutie prezinta doua generalizari fata de
solutia din [1], concretizate in formulele (2) si (8).
Solutia este usor modificata si prin considerarea puterii
necesare la mers n gol la priza de putere, ceea ce in [1]
nu se face la regimul de lucru in recoltare. Tn acesta
incercare am considerat puterea necesara la priza in
regim de sarcina ca fiind suma dintre puterea in gol la
priza si alti doi termeni care depind de viteza de lucru
liniar si patratic (2).

REZULTATE

Solutiile de tipul celei de mai sus, obtinute prin
generalizare si corectii, dupa [4], sunt solutii comode care
se dau prin calcul analitic si pun Tn evidentd rolul si
influenta fiecarui parametru implicat. Aceste solutii sunt
clasificate de autorii [4] sau [1], in categoria problemelor de
optimum cu legaturi. Functia energie E este functia scop,
iar relatia de calcul a debitului, (9), este dupa [4], functia
sau relatia de restrictie. Solutia autorilor in [4] sau [1] se
face prin metoda multiplicatorilor lui Lagrange. In aceasta
lucrare s-a dat am dat o solutie mai simpla si mai eleganta,
inteligibila la nivel de analiza matematica elementara.

Pentru obtinerea unui punct optimal, in esenta a unei
viteze de lucru care sa minimizeze una dintre marimile ce
definesc energetica agregatului, este insuficientd considerarea
unei expresii simple a acestei marimi, in cazul concret din
acest subcapitol chiar energia consumata pentru recoltarea
unei parcele. Structura naturala a functiei energie (de
asemenea putere, fortd de tractiune sau moment la priza
de putere, etc.) nu permite deducerea unei viteze optimale
care sa minimizeze vreuna din aceste functii scop (obiectiv), Tn
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local minimum outside of the definition domain). For this
reason, it is necessary to introduce not only the linear
terms but also the square terms in working or idle speed,
and even more, to limit the working width and working
speed, in case of this subchapter, (13). Eliminating the
working width between restriction and goal function,
leads to an expression whose derivative has a single real
positive root, with variation of sign, proving that it is in
fact the abscissa (speed) of a point of minimum of
energy, so exactly what is looked for. This procedure
supposed that less usual factors have been introduced in
specialty literature of all types of combine:

- Coefficient of increasing the resistance force at
displacement, fy (which in terms of dimensions, is the
reverse of a speed);

- energy specific for acting the active parts, p1;

- coefficient of increasing the specific energy for acting
the active parts when harvesting, p2;

- combine specific weight, gs or aggregate specific
weight, less used, although it is a performance
parameter in terms of design and manufacturing the
combine.

Calibration of mathematical model

A mathematical model with not very complex
relations but with many parameters (which for numerical
studies need values, and these values are hardly found
in specialty literature, being newly introduced by the
author), needs, in order to be appropriately used for
optimum speed calculation and its dependence on
different parameters, a calibration, namely, setting the
model parameters values in a concrete case [2, 3, 7, 8].
This operation is made using the experimental data from
a fodder harvesting combine and adjusting (choosing)
parameters of model so that the theoretical power
resulted from mathematical model be sufficiently closed
of the same power values measured in tests.

We have used the experimental data got on trailed
fodder harvesting combine, CTF with the equipment for
harvesting grassy fodder, El, [6]. These values, as well
as the theoretical ones got by calibration are given in
table 2.

Physical size on basis of which calibration is per

formed and experimental and theoretical values by p
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sensul clasic al unui minim local nesituat pe frontiera domeniului

de definitie. Pentru acest motiv, este nevoie de introducerea

unor termeni patratici i nu numai liniari n viteza de lucru sau
viteza in gol, si, in plus de o restrictie Tn care sa fie implicata
latimea de lucru si viteza de lucru, n cazul acestui subcapitol,

(13). Eliminarea latimii de lucru intre restrictie si functia scop

conduce la o expresie a functiei scop a carei derivata are o

singura radacina reald pozitiva, cu variatia de semn care

arata ca aceasta este abscisa (viteza) unui punct de minim

a energiei, prin urmare exact ceea ce se cauta. Aceasta

procedura a presupus totusi introducerea unor factori putin

uzuali in literatura de specialitate a combinelor de orice tip:

- coeficientul de crestere a fortei de rezistenta la
deplasare, f, (care, din punct de vedere dimensional,
este inversul unei viteze);

- energia specifica pentru actionarea organelor active, ps;

- coeficient de crestere a energiei specifice pentru
actionarea organelor active la recoltare, pz;

- greutatea specifica a combinei, gs sau agregatului,
putin utilizata, desi este un parametru de performanta
in ceea ce priveste proiectarea si constructia
combinei.

Calibrarea modelului matematic

Un model matematic cu relati nu neaparat foarte
complexe, dar cu foarte multi parametri (care, pentru studii
numerice au nevoie de valori, iar aceste valori sunt greu de
gasit n literatura de specialitate sau chiar imposibil, fiind nou
introdusi de autor), are nevoie, pentru a putea fi folosit cu
ncredere la calculul vitezelor optimale si la studiul dependentei
acestora de diversi parametri, de o calibrare, adica de fixarea
valorilor parametrilor modelului pe un caz concret [2, 3, 7, 8].
Aceasta operatie se face, de exemplu, folosind datele
experimentale de la o combina de recoltat furaje si regland
(alegand) parametri de model astfel incat puterile teoretice
rezultate din modelul matematic sa fie suficient de apropiate
de valorile acelorasi puteri masurate n la incercari.

Ca date au fost folosite datele experimentale obtinute
pe combina tractata de recoltat furaje, CTF cu
echipamentul de recoltat furaje ierboase, El, [6]. Aceste
valori, precum si cele teoretice obtinute prin calibrare, sunt
date in tabelul 2.

Table 2 / Tabelul 2
ositive choice of model parameters /

Marimile fizice n termenii c  arora se face calibrarea si valorile experimental & si teoretic & prin alegerea potrivit @ a parametrilor de model

Size/ Marimea, MU

Calibrated value /
Valoarea calibrat a

Measured value /
Valoarea m asurat @

Real power for towing the combine /

pentru acfionarea combinei in timpul lucrului, KW

. L 5.020/ 5,020 5.020/ 5,020
Puterea efectiva pentru tractarea combinei, kW
Real power at PTO / Puterea efectiva la priza de putere, KW 29.500 / 29,500 29.500 /29,500
Power consumed in idle speed / Puterea consumatd la priza in gol, kW 7.600/ 7,600 7.600 /7,600
Total power for acting the combine in work / Puterea totald efectiva 34.520 / 34,520 34.520 / 34,520

Model parameters, notations, measuring units and ca
the only directly involved in the calibration proce

librating values. Parameters which denomination (se
ss. Parameters with cell of classifying hachured ar
Parametrii modelului, nota i, unit & de m &sur & gi valorile de calibrare. Parametrii ai ¢

Table 3/ Tabelul 3
cond column) is hachured are
e newly introduced parameters /
aror denumire (coloana a doua) este ha  surata sunt

singurii direct implica  fi in procesul de calibrare. Parametri cu celulade  ordine ha gurat & sunt parametri nou introdu i in model
Calibrating
No./Nr. Parameter / Parametrul Notation / Nota fie MU/UM | value/ Valoarea
de calibrare
1 Gravity acceleration / Acceleratia gravitafionalad g ms” 9.810/9,810
2 Radius of turning / Raza de intoarcere R m 3.400/ 3,400
Distance from the access road to plot edge /
3 . . . e m 0
Distanta de la drumul de acces la margienea parcelei
4 Combine working width / Latimea de lucru a combinei B m 2
5 Combine mass / Masa combinei M kg 1600
6 Equipment mass / Masa echipamentului El m kg 650
7 Combine specific vyeight on W(_)rking width / 9o (M +m)y Nm™ 11040
Greutatea specificd a combinei pe lafimea de lucru S B
8 Friction coefficient of combine wheels when rolling on soil / f ) 0.0809 /0,0809
Coeficientul de frecare la rularea rotilor combinei pe sol ([5], pag. 28)
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9 Coefficientul of grqwth of (esista}nce force to displacement / f, sm™ 0.005 / 0,005
de crestere a fortei de rezistenta la deplasare
Energy specific for acting the active parts in idle speed/ Energia Wska? 3277.750/
specifica pentru actionarea organelor active in gol P 9 3277,750
Coefficient of growth of specific energy for acting the active parts during 178.600 /
work / Coeficient de crestere a energiei specifice pentru actionarea p2 Wskg'm®* 178‘ 600
organelor active in lucru '

12 | Specific production / Productfia specifica P kgm? 1.420/1,420
13 Maximum allowable flow rate / Debitul maxim admisibil q kgs™ 5.166 / 5,166
Linking coefficient between idle speed and working speed / B ) 1

Coeficientul de legaturd intre viteza in gol si viteza in lucru

14 | Plot width / Lafimea parcelei C m 50

15 Plot length / Lungimea parcelei L m 700

16 Leng_th of path run_for repairing the errors / _ Ls m 1750
Lungimea traseului parcurs pentru repararea gresurilor
Power output when trailing /

v Randamer?tul de putere Iagtractiune g ] 0.720/0,720
Yield of power transmission to PTO /

18 Randamgntul de transmisie a puterii la priza de putere e ) 0.850/0,850

Considering the values of parameters in table 3 and the
results in table 2, the calibration proces is considered
successfully finished. Optimum speed obtained by the
optimization model built according to [4] including the
relevant corrections, is of: 1.78 m/s [6,409 km/h, formula
(17)]. Value got suitably frames within the speed range
considered efficient also by the author [6], 2.4+7.5 km/h.

CONCLUSIONS

It is important to see more clearly the manner in wich
the optimum speed (17) acts according to different
variables defining it. It is clearly observed that minimum
speed lows along with plot length growing. Increasing the
idle speed and working speed relation leads to reducing
the optimum working speed. These aspects can be found
in graphic of fig. 1, which is created starting from data
from table 3. Plot length, L and idle speed and working
speed relation, B, are variable.

If the plot length is varied between 100 and 1100 m,
respectively the report between the idle speed and working
speed between 0.5 and 1.5 (both varying within reasonable
limits), for the rest of data given in table 3, it is noticed
(graphic in fig. 1) that optimum speed varies hyperbolically
with plot length and practically very little with the report
above. To be noticed that the influence of that report
depends on its coefficients from the optimum speed
expression.

s
/

w
Lokt

viteza optimala, /s

7

10000

1100

rapartul dirttre viteza in gol si viteza in lucru

900

Cu valorile parametrilor din tabelul 3 si cu rezultatele
din tabelul 2, se considera procesul de calibrare incheiat
cu succes. Viteza optimald obtinutd prin modelul de
optimizare construit dupa [4] cu corectiile de rigoare, au
valorile: 1,78 m/s [6,409 km/h, formula (17)]. Valoarea
obtinuta se Tncadreaza bine fatd de intervalul de viteze
considerate eficiente si de catre autorul [6], 2,4+7,5 km/h.

CONCLUzII

Este important sa vedem mai clar cum se comporta
viteza optimala (17) functie de diverse variabile care o
definesc. Se observa clar ca viteza minima scade cu
cresterea lungimii parcelei. Cresterea raportului dintre
viteza in gol si viteza n lucru, conduce la scaderea vitezei
optimale de lucru. Aceste aspecte sunt vizibile pe
reprezentarea grafica din fig. 1, care este construita
folosind date din tabelul 3. Lungimea parcelei, L si raportul
dintre viteza Tn gol si cea in lucru, B, sunt variabile.

Daca se variaza lungimea parcelei intre 100 si 1100 m,
respectiv raportul dintre viteza Tn gol si viteza in lucru intre
0,5 si 1,5 (ambele variabile in limite rezonabile), pentru
restul datelor cu valorile din tabelul 3, se observa (reprezentarea
grafica din fig. 1) ca viteza optimala variaza aproximativ hiperbolic
cu lungimea parcelei si, practic foarte putin, relativ la raportul
dintre viteza in gol si cea in lucru. Se precizeaza ca influenta
raportului dintre viteza in gol si viteza in lucru depinde de
coeficientii acestuia ih expresia vitezei optimale.

700

800

lungimea parcelei, m

Fig. 1 - Variation of optimum speed according to plot length, L and report 8 between the idle speed and working speed /
Variafia vitezei optimale Tn raport cu lungimea parcelei, L, si cu raportul 8, dintre viteza n gol si viteza de lucru

Little dependence of optimum speed on the report
between idle speed and working speed can be noticed in
fig. 2, where it is graphically represented, for six length
values. Dependence of optimum speed on the above
report, whatever the plot length could be, is strictly
decreasing.

10

Dependenta slaba a vitezei optimale de raportul
dintre viteza in gol si viteza in lucru se poate observa in fig.
2, unde dependenta este reprezentata grafic, pentru sase
valori ale lungimii parcelei. Dependenta vitezei optimale de
raoprtul dintre viteza Tn gol si viteza n lucru, indiferent de
lungimea parcelei, este strict descrescatoare.
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viteza optimala, m's
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raportul dintre vitezain gol si cea in lucru, 3
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Fig. 2 —Variation of optimum speed according to the report between idle speed and working speed, for different length of plot /
Variafia vitezei optimale relativ la raportul Tntre viteza in gol si cea in lucru, pentru diverse lungimi ale parcelei

Influence of the path developed for repairing the
dislevelments on optimum speed variation clearly results
from graphical representation in fig. 3. Increasing Ls,
involves growing the optimum speed, which can be seen
from structure of fraction under the radical defining the
optimum speed, where Ls appears at the counter. For a
path without errors, in case of model defined by values of
parameters in table 3, the optimum speed is low under 1
m/s, instead of a path where the errors that are corrected
reaches 25 % out of the length of working path, optimum
speed being around 2.5+3 m/s. These remarks are shown
in fig. 4, bidimensional representation of optimum speed
dependence on plot length and path length developed for
correcting the errors as fraction from the length of path run
by the aggregate on the entire plot.

Influenta lungimii drumului parcurs pentru repararea
gresurilor asupra variatiei vitezei optimale rezulta clar din
reprezentarea grafica din fig. 3. Cresterea Ls, implica cresterea
vitezei optimale, ceea ce se poate vedea si din structura fractiei
de sub radicalul care defineste viteza optimala, unde Ls apare
la numarator. Pentru un parcurs fara gresuri, in cazul modelului
definit de valorile parametrilor din tabelul 3, vitezele optimale
sunt mici, sub 1 m/s, in timp ce pentru un parcurs in care
lungimea traseului parcurs pentru repararea gresurilor ajunge
la 25 % din lungimea traseului in lucru, vitezele optimale sunt
undeva intre 2,5+3 m/s. Aceste observatii sunt vizibile si in fig.
4, reprezentare bidimensionala a dependentei vitezei optimale
de lungimea parcelei si de lungimea traseului parcurs pentru
repararea gresurilor ca fractie din lungimea traseului parcurs
de agregat pe intreaga parcela.

[

[¥]

viteza optimala, m/'s

400 500

600 700 200 900 1000 1100

luingimea parcelei, m

Ls= 0.0 % out of total length of working path
Ls= 10.0 % out of total length of working path

Ls=20.0 % out of total length of working path

Ls=5.0 % out of total length of working path/ Ls= 5.0 % din
lungimea totala a traseului in lucru
Ls= 15.0 %out of total length f working path/ Ls=15.0 % din
lungimea totala a traseului in lucru
Ls=25.0 % out of total length of working path/ Ls= 25.0 % din
lungimea totala a traseului in lucru

LR

- -

LR

Fig. 3 — Variation of optimum speed depending on plot length, for different values of path run for repairing the errors /
Variafia vitezei optimale funcfie de lungimea parcelei, pentru diverse valori ale lungimii drumului parcurs pentru repararea gresurilor

viteza optimala, mis

0]
1200

lungime parcela, m

lungirme drur reparare gresuri ca pracent din lungimea drumului parcurs in lucry, %

Fig. 4 - Variation of optimum speed alon with plot length and length of path developed for repairing the errors as a fraction from total length
of aggregate path / Variatia vitezei optimale cu lungimea parcelei si cu lungimea traseului parcurs pentru repararea gresurilor ca fracfie
din lungimea totald a traseului parcurs in lucru de agregat

11
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Variation of optimum speed related to plot length and
vegetal production, for two values of length of path
developed for repairing the errors, appears in figures 5 and
6, emphasizing not only the decrease of speed along with
plot length but also the speed reducing along with vegetal
production growing and optimum speed increasing when

the path run is longer.
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Variatia vitezei optimale in raport cu lungimea parcelei si cu
productia vegetald, pentru doua valori ale lungimii traseului parcurs
pentru repararea gresurilor, apare in figurile 5 si 6, punand in
evidenta In afara de scaderea vitezei cu lungimea parcelei
(evidentiata si mai sus), scaderea vitezei optimale cu cregterea
productiei vegetale, dar si cresterea vitezei optimale atunci cand
lungimea traseului parcurs pentru repararea gresurilor creste.

i
§e X0

peele’s
S

b

productia de furaje, kafmp

Fig. 5- Variation of optimum speed along with plot length and specific production for Ls=0 /
Variafia vitezei optimale cu lungimea parcelei si productia specifica, pentru Ls=0

In graph from fig. 7, is emphasized the energy variation
related to working speed, so the point of minimum may be
seen(optimum speed) appropriate to values of parameters in
table 3. The minimum energy is of approx. 67 kwWh.

viteza optimala, mis

lungimes parcelei, m

Tn graficul din fig. 7, se pune Tn evidenta si variatia energiei cu
viteza de lucru, astfel Incét se poate vizualiza punctul de minim
(viteza optimald) corespunzatoare valorilor parametrilor din
tabelul 3. Se identifica energia minima de aproximativ 67 kWh.

1500 4

productia de furaje, kgimp

Fig. 6 — Variation of optimum speed along with plot length and specific production, for Ls=15 % out of harvesting path length /
Variafia vitezei optimale cu lungimea parcelei si productfia specifica, pentru Ls=15 % din lungimea traseului in recoltare
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energia consumata, kWh
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o
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Fig. 7 — Numerical emphasizing of working point of optimum / Punerea Tn eviden{a pe cale numerica a punctului optimal de lucru

In order to estimate the behaviour of optimum speed
according to variable gs, we must make some tests on
trailed harvesting combine, for observing the interval within

which this variable varies.

12

Pentru estimarea comportamentului vitezei optimale in
raport cu variabila gs, trebuie facute céateva investigatii
asupra combinelor tractate de recoltat furaje, pentru a
vedea n ce interval variaza aceasta variabila.
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Table 4/ Tabelul 4
Types of trailed combines and data necessary/  Tipuri de combine tractate si datele necesare calcululuig s

Mass/Masa Working
Nr./No. Type/Tipul width/L &timea de 9s
(k] ’ [N/m]
lucru, [m]
1 New Holland 790 1411 2.79/2,79 4961.26 / 4961.26
6060.36+6712.42 /
2 New Holland FP 230 2040 (+218) 3.30/3,30 6060 366712,42
6331.91+7018.61 /
3 New Holland FP 240 2130 (+231) 3.30/3,30 6331 91+7018,61
4 INMA CTF EI 2250 2.00/2,00 11036.25/ 11036,25
5 John Deer 625 Side-Pull MoCo 2027 2.50/2,50 7953.95/ 7953,95
6 John Deer 630 Side-Pull MoCo 2130 3.00/3,00 6965.10 / 6965,10
o 6693.22 (6258.78) /
7 John Deer 635 Side-Pull MoCo 2388 (2233) 3.50/3,50 6693,22 (6258,78)
s 9162.54 (8694.93) /
8 John Deer 830 Mid-Pivot MoCo 2802 (2659) 3.00/3,00 9162,54 (8694,93)
s 8173.13 (7741.49) /
9 John Deer 835 Mid-Pivot MoCo 2916 (2762) 3.50/3,50 8173.13 (7741,49)
o 7646.89 (7247.14) /
10 |John Deer 946 Mid-Pivot MoCo 3118 (2955) 4.00/ 4,00 7646,89 (7247.14)
. 7248.50 (6659.90) /
11 | John Deer 956 Mid-Pivot MoCo 3325 (3055) 4.50/ 4,50 7248.50 (6659,90)
2.10+3.10/ 12893.14 - 8734.06 /
12| JF-Stoll AMAKO 2760 2,10-3,10 12893,14 - 8734,06
13 | CASE FHX300 2130 3.30/3,30 6331.91/6331,91
14 ROSTSELMASH Sterh KSD 2,0 1250 2.0/2,0 6131.25/6131,25
15 | Tehinvest-CX, OO0 1250 2.0/2,0 613125
mfs 185
13
¥
mn 75
17
165 [ 7 8 9 10 11 12 13 14 15
kIim
5
Fig. 8 — Variation of optimum speed given in data from table 1.2.2, according to parameter gs /
Variafia vitezei optimale pe datele din tabelul 1.2.2, funcfie de parametrul gs
As we can notice from fig. 8, the optimum speed Dupa cum din se observa in fig. 8, viteza optimala creste

increases along with variable gs. At the same time, the odata cu cresterea variabilei gs. De asemenea, energia
optimum energy increases along with machine specific optimala creste si ea odata cu cregterea greutatii specifice a

weight per working width, see fig. 9. maginii pe l&timea de lucru, asa cum se poate observa din fig. 9.

KWhis

an
Emm
63
e 5 [ 7 g o 10 11 12 13 14 15
Il
4

5
Fig. 9 — Variation of optimum speed given in data from table 4, according to parameter gs /
Variafia energiei optimale pe datele din tabelul 4, funcfie de parametrul gs.

Specific weight is wusually considered as a Greutatea specifica latimii de lucru este considerat,
performance parameter in design and manufacturing de obicei, un parametru de performantd al proiectarii si
agricultural machinery. constructiei masinilor agricole.

Less is the value of this parameter, more the Masina se considera ca este cu atat mai performanta
machine is performant, excepting the case of machines cu céat valoarea acestui parametru este mai mica, cu
which need a bigger weight for specific works (soil exceptia acelor magini care au nevoie de greutate mare
works). pentru lucrarile specifice (de exemplu lucrari ale solului).

In our case, a weight specific to a smaller working Tn cazul nostru se observa ca o greutate specifica Iatimii de
width leads to a lower working speed (so, a reduced lucru mai mica, conduce la o viteza optimala de lucru mai mica

capacity of work), but also to a diminished optimum (deci si capacitate de lucru mai mica), dar conduce si la o energie
energy, namely a reduced fuel consumption, reduced optimala mai mica, ceea ce inseamna consum redus de
harmful gas emissions and, finally reduced soil combustibil, reducerea emisiilor de gaze in atmosfera si nu in
compaction. cele din urma, reducerea fenomenului de compactare a solului.
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