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

/

STUDII S| CERCETARI ASUPRA OPTIMIZARII ENERGETICII COMBINELOR DE RECOLTAT
FURAJE — MODELE UNIDIMENSIONALE

Math. Cardei P.”, Eng. Sfiru R.”, PhD. Stud. Stefianoiu M.D.?, Prof. PhD. Eng. Badescu M.?,
Assoc. Prof. PhD. Eng. Boruz S.?, Assoc. Prof. PhD. Eng. Lazar S.*
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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
unique 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.

Keywords: combine, energetics, optimization

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

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 stiintificd a anilor 1970-
1980, modelele clasice au fost imbunatatite si corectate,
obtinandu-se modele si rezultate noi. Se ilustreazd modul
de calibrare a modelelor matematice in scopul determinarii
constantelor de model care nu sunt date in literatura de
specialitate. Se fac referiri la modul de validare a rezultatelor
si la aplicatiile posibile intr-un domeniu mult mai larg Th cadrul
tehnicii si stiintei. Cele trei articole sunt structurate dupéd
complexitatea modelelor matematice elaborate si folosite
pentru optimizare. Primul se ocupéd de generalitati si de
modelul unidimensional, adicé cel care considerd o singura
viteza pentru regimul in lucru, in gol si la intoarcere. Al doilea
articol contine modele care consideréa viteza in lucru si viteza
de intoarcere egala cu cea in gol, iar al treilea articol va
descrie modelele care contin cele trei viteze ca variabile
independente.

Cuvinte cheie: combind, energeticd, optimizare

INTRODUCERE

Optimizarea energeticii masinilor si echipamentelor
agricole este o preocupare permanentd, 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, centratd pe masini si utilaje agricole,
nu este foarte mult abordata in literatura de specialitate,
fiind destul de greu rezolvabila 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 Tn calcul. Exista abordari teoretice,
dar si experimentale ale problemei optimizarii sau cresterii
eficientei energetice a masinilor 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 in 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 intrucat 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.

INMATEH — icultural

sa nu fie egale intre ele, sau, sa nu existe relatii simple
intre acestea. Pe parcursul activitatii de modelare, pornind
de la puterea necesard actiondrii in gol a organelor de
lucru ale combinei, s-a considerat interesant sa se
modeleze si sa estimeze existenta unor puncte optimale si
in cazul in care la deplasarile in 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).

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

MATERIAL S| METODA

Pentru a incerca 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 clar3,
constand in urméatoarele 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; inlocuirea timpului
functie de caracteristicile parcelei si vitezele de lucru
(efectiv, In gol, la Tntoarceri); optimizarea consumului
energetic simultan cu maximizarea capacitatii de lucru.

n tabelul 1 se prezintd 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 tractata de recoltat furaje

No./Nr. Parameter / Parametrul Notation / Notatie MU / UM

1 Gravity acceleration / Acceleratia gravitationala g ms”
Increment coefficient of energy specific for acting the harvesting parts / Coeficient 2y L1

2 . e ; : Par Ws“kg™m
de crestere a energiei specifice pentru actionarea organelor active la recoltare

3 Increment coefficient of resistance force to movement / £ sm™
Coeficientul de crestere a fortei de rezistenta la deplasare v

4 Friction coefficient of combine wheels rolling on soil / f )
Coeficientul de frecare la rularea rotilor combinei pe sol

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

6 Maximum allowable flow rate / Debitul maxim admisibil q kgs™

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 specifica pentru actionarea organelor active la recoltare
Coefficient of increment of energy specific to drive the active parts in work / 2, 1 -1

9 ; ey - ) S p2 Ws“kg™m
Coeficient de cregtere a energiei specifice pentru actionarea organelor active in lucru
Specific weight of combine on working width / (M+m)-g a

10 g - o gs = Nm
Greutatea specificd a combinei pe latimea de lucru B

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

12 Plot width / Latimea 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 i m

16 Combine mass / Masa combinei M kg

17 Equipment mass / Masa echipamentului El m kg

18 Production appropriate to surface unit / Productia specifica unitétii de suprafata P kgm'2

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

20 Power consumed at PTO in idle speed / Puterea consumata la priza in gol Ppget W

21 Real power at PTO / Puterea efectiva la priza de putere Pp W

22 Real power at PTO / Puterea efectiva la priza de putere Ppet W

23 Real power for combine trailing / Puterea efectiva pentru tractarea combinei Pet W
Power necessary for acting the combine active parts in idle speed /

24 « . S P w
Puterea necesara pentru actionarea organelor de lucru ale combinei in gol

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

26 - L . TS . Prret 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 t S

28 | Working time in idle speed / Timpul de lucru in gol tq 5
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No./Nr. Parameter / Parametrul Notation / Notatie MU / UM
29 | Working time at harvesting / Timpul de lucru in recoltare tr S
30 | Working speed (when harvesting or in load / Viteza de lucru (in recoltare sau sarciné) 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 koGPt
Consumul specific de combustibil al motorului pe cal putere si ord hep 9

Balance of power of fodder harvesting combine — a
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, P, as:

gs fBvy +0g fVBer, pentru lucru in sarcina (recoltare)

Bilantul de putere al combinei de recoltat furaje - o
partitie a bilantului de putere simplificata

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 corectd 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, Py, de forma:

_ (€]
Os vag +0s fVBvé, pentru lucru in gol (la intoarceri)

And for power acted at PTO: iar pentru puterea actionarii la priza:
Ppg + P1Bpvy + szper, pentru lucru in sarcina (recoltare, p >0) ’ )

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, v4, 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:

Termenii de gradul al doilea in viteza in lucru si in
viteaza in gol sunt introdusi pentru a face posibila aparitia
unei functii obiectiv care sa aiba un punct optimal inh 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, in special pluguri, [2]. Autorii [1] au
introdus termenul patratic in viteza de lucru, v, iar
adaugarea termenului patratic in viteza in gol, vy, este o
prima contributie originalda a autorului. Nu este sigura
existenta acestui termen, si 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 circulard cu intoarceri in cele patru colturi ale
parcelei, se obtine urmatoarea formula pentru lungimea
unei intoarceri:

Ii:R(E+2J+E+e- ©)
2 2

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

tr

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

t_2C
9 By

g
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.

Timpul de lucru Tn recoltare, conform [1], este dat
de:

_ CL ’ (4)
Bvy

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

| +LSBJ (5)

C

in aceste conditii energia consumata de tractor pe o
parceld la recoltarea cu combina de furaje, se obtine
inmultind puterile in lucru (recoltare), respectiv in gol, cu
timpii In lucru, respectiv in gol.

E :( fggBvy + f\,gSBvr2 + p1Bpvy + szper +Ppg )E—L+
Vr

2C 2
+——| fggBvy + fygsBvg +P ) i+—=B
ng(gs g T v9sbBVg + Fpg [I C J

Noting:

: (6)
Ls

Notand:

A=R(72t+2]+e ™

And considering the linear relation between idle speed

si considerand relatia liniara intre viteza in gol si viteza
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and working speed (a second original contribution):
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n lucru (o a doua contributie originala):

vg =Bvr (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 9)

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
Iatimea de lucru intre (6) si (9), folosind pentru simplificare
notatiile:

PpgpC(C +2A C+2L
M = gq fCL + ppCL + 29 fCA+ P92 ( )+ vOs Ba 5) (10)
and si
_(pPpg +gsfq)(C+2Ls) 12)
p

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

E:E(v):M+Nv+9 (13)
v

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:

dE__Q_ (14)
dv V2
From where: de unde:
Vmin = \/g (15)
respectively: respectiv:
Emin =M + 2\/@ (16)

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

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

(pPpg +0s fq)(c +2Lg)

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

(17

pC( fygsL+2f,gsPA+ popl)

Aceasta solutie prezinta doua generalizari fata de
solutia din [1], concretizate n formulele (2) si (8).
Solutia este usor modificata si prin considerarea puterii
necesare la mers in gol la priza de putere, ceea ce in [1]
nu se face la regimul de lucru in recoltare. In 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 in evidenta 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. Tn aceasts
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 insuficienta considerarea
unei expresii simple a acestei marimi, in cazul concret din
acest subcapitol chiar energia consumata pentru recoltarea
unei parcele. Structura naturald 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, f, (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, p»;

- 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.
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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 si nu numai liniari in viteza de lucru sau
viteza in gol, si, in plus de o restrictie in care sa fie implicata
latimea de lucru si viteza de lucru, in 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 realéd 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 n 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 in literatura de specialitate sau chiar imposibil, fiind nou
introdusi de autor), are nevoie, pentru a putea fi folosit cu
incredere 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].
Aceastd 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 in la incercari.

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

Table 2/ Tabelul 2

Physical size on basis of which calibration is performed and experimental and theoretical values by positive choice of model parameters /
Marimile fizice in termenii carora se face calibrarea si valorile experimentala si teoretica prin alegerea potrivita a parametrilor de model

Size/ Marimea, MU

Calibrated value /
Valoarea calibrata

Measured value /
Valoarea masurata

Real power for towing the combine /

. o 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 consumaté la priza in gol, kW 7.600 /7,600 7.600 / 7,600

pentru actionarea combinei in timpul lucrului, KW

Total power for acting the combine in work / Puterea totala efectiva

34.520/ 34,520 34.520/ 34,520

Table 3/ Tabelul 3

Model parameters, notations, measuring units and calibrating values. Parameters which denomination (second column) is hachured are
the only directly involved in the calibration process. Parameters with cell of classifying hachured are newly introduced parameters /
Parametrii modelului, notatii, unitati de masura gi valorile de calibrare. Parametrii ai caror denumire (coloana a doua) este hasurata sunt
singurii direct implicati in procesul de calibrare. Parametri cu celula de ordine hagurata sunt parametri nou introdusi in model

Calibrating
No./Nr. Parameter / Parametrul Notation / Notatie MU /UM value / Valoarea
de calibrare
1 Gravity acceleration / Acceleratia gravitationala g ms” 9.810/9,810
2 Radius of turning / Raza de intoarcere R m 3.400/ 3,400
3 Distance from the access road to plot edge /
. . . 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 (éombine specific weight on working width / 0. - (M+m)-g NmL 11040
reutatea specifica a combinei pe latimea de lucru 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 resist%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 K9 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 Wskgm* 17é 600
organelor active in lucru '

12 | Specific production / Productia specificd ) kgm? 1.420/1,420

13 | Maximum allowable flow rate / Debitul maxim admisibil q kgs™ 5.166 / 5,166

-l Linking coefficient between idle speed and working speed / B ) 1

Coeficientul de legatura intre viteza in gol gi viteza in lucru

14 | Plot width / Latimea parcelei C m 50

15 Plot length / Lungimea parcelei L m 700

16 Iiengt_h of path run for repairing the errors / _ Ls m 1750

ungimea traseului parcurs pentru repararea gresurilor

Power output when trailing /

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

18 Randam[()entul de transmisie a puterii la priza de putere MTp ) 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.

Cu valorile parametrilor din tabelul 3 si cu rezultatele
din tabelul 2, se considera procesul de calibrare incheiat
cu succes. Viteza optimalad 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
obtinutd se incadreaza 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 in 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 in gol si cea in lucru, B, sunt variabile.

Daca se variaza lungimea parcelei intre 100 si 1100 m,
respectiv raportul dintre viteza in 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 in expresia vitezei optimale.

Fig. 1 - Variation of optimum speed according to plot length, L and report 8 between the idle speed and working speed /
Variatia vitezei optimale in raport cu lungimea parcelei, L, si cu raportul B, dintre viteza in 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 Tn 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 in gol si viteza in lucru, indiferent de
lungimea parcelei, este strict descrescatoare.
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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 /
Variatia vitezei optimale relativ la raportul intre 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 rezultd 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 bidimensionalé 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 optinsala, m's

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

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

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 fractie
din lungimea totala 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 cresterea
productiei vegetale, dar si cresterea vitezei optimale atunci cand
lungimea traseului parcurs pentru repararea gresurilor creste.

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

in graficul din fig. 7, se pune in 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.

Fig. 6 — Variation of optimum speed along with plot length and specific production, for Ls=15 % out of harvesting path length /
Variatia vitezei optimale cu lungimea parcelei si productia specificd, pentru Ls=15 % din lungimea traseului in recoltare
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Fig. 7 — Numerical emphasizing of working point of optimum / Punerea in evidenta pe cale numerica a punctului optimal de lucru

In order to estimate the behaviour of optimum speed

Pentru estimarea comportamentului vitezei optimale n

according to variable gs, we must make some tests on
trailed harvesting combine, for observing the interval within
which this variable varies.

raport cu variabila gs, trebuie facute cateva investigatii
asupra combinelor tractate de recoltat furaje, pentru a
vedea in ce interval variaza aceasta variabila.

12
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Table 4/ Tabelul 4
Types of trailed combines and data necessary / Tipuri de combine tractate si datele necesare calculului g,

) Mass/Masa Working g
Nr./No. Type/Tipul width/Latimea de N
[kl ’ [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 6060,36-6712,42
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
) 6693.22 (6258.78) /
7 John Deer 635 Side-Pull MoCo 2388 (2233) 3.50/3,50 6693,22 (6258,78)
o 9162.54 (8694.93) /
8 John Deer 830 Mid-Pivot MoCo 2802 (2659) 3.00/3,00 9162,54 (8694,93)
o 8173.13 (7741.49) /
9 John Deer 835 Mid-Pivot MoCo 2916 (2762) 3.50/ 3,50 8173.13 (7741,49)
L 7646.89 (7247.14) /
10 |John Deer 946 Mid-Pivot MoCo 3118 (2955) 4.00/ 4,00 7646,89 (7247,14)
s 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
m's |
1E
1T
LT
les ] ¥ » 1 12 13 14 15
kHis
E;

Fig. 8 — Variation of optimum speed given in data from table 1.2.2, according to parameter gs /
Variatia vitezei optimale pe datele din tabelul 1.2.2, functie 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 odatd cu cresterea variabilei gs. De asemenea, energia
optimum energy increases along with machine specific optimala creste si ea odatd cu cresterea greutatii specifice a
weight per working width, see fig. 9. masinii pe latimea de lucru, asa cum se poate observa din fig. 9.

KWk

&0 2

B
Fig. 9 — Variation of optimum speed given in data from table 4, according to parameter gs /
Variatia energiei optimale pe datele din tabelul 4, functie 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 performanta al proiectarii gi
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 cat 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 I&timii 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.

13
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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.

Keywords: energetics, harvesters, optimization

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: Tn acest articol se expun rezultate originale
obtinute de autori pornind de la lucréri clasice in domeniul
optimizarii energeticii combinelor de recoltat furaje.
Modelele originale au fost corectate si dezvoltate in primul
articol din aceasta serie, model in care s-a considerat o
singura vitezd in formulele ce dau energia consumata
pentru efectuarea lucrérilor 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 restrictiilor, autorii au considerat utila
extinderea la modele matematice ale energiei consumate
cu doua si trei viteze. Aceste modele considera viteza de
intoarcere si viteza in gol diferite de viteza de lucru, nu
obligatoriu insa. Practic energia consumata, functie
obiectiv a procesului de optimizare, devine o functie de
doud sau trei variabile. In acest articol este expus modelul
cu doud variabile, modelul bidimensional. Modelul
bidimensional considerd energia consumata dependenta
de viteza de lucru si viteza in gol, viteza de intoarcere fiind
asimilatd cu cea in gol. Aceasta ultima presupunere va fi
si ea abandonatd la modelul tridimensional care va fi
expus Tn 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 in gol, face pe parcurs ipoteza egalitatii acestor
viteze si transformd astfel o variantda de model
bidimensional intr-un de model unidimensional. Aceasta
ipoteza a inspirat autorilor considerarea modelelor cu
doua si trei variabile, prin introducerea mai intai a ipotezei
ca viteza in gol egala 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
doud fintre ele (modelul tridimensional). in realitate se
poate ca viteza In 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 decat 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 [-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 limitd de prelucrare a materialului n
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 intoarcere),
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speed in no load and the optimal turning speed are higher respectiv viteza optimala in gol si viteza optimala de
than the optimal working speed (harvesting). It demonstrates intoarcere sunt mai mari decat viteza optimala in lucru
that the choice of speeds in no load or in turning smaller than (recoltare). Se demonstreaza ca alegerea unor viteze in
the optimal working speed, leads to energy losses smaller gol sau in intoarcere mai mici decat viteza optimala in

than 2%. lucru, conduce la pierderi energetice mici, sub 2 %.
MATERIAL AND METHOD MATERIAL S| METODA
The first example of optimization by the method of Primul exemplu de optimizare prin metoda programarii
mathematical programming uses the model (1) of the energy matematice foloseste modelul (1) al energiei
2 2 CL
: 1)
2C 2 Ls
completed with the relations (2) completat cu relatiile (2)
T
A:R(E+2j+e, )
and (5.58): si (5.58):
i =R T2 +E+e- ®)
2 2
It is obtained the energy expression as a function of Se obtine expresia energiei ca o functie de viteza in
working speed and no load speed and is searching for the lucru si viteza in gol si se cauta existenta unui punct de

existence of a point of minimum of the energy, with the only minim al energiei, cu singura restrictie ca cele doua viteze
restriction that the two speeds to be positives, otherwise not sa fie pozitive, altfel neavand sens fizic. Aceasta problema
having physical sense. This problem is written symbolically in se scrie simbolic sub forma:

the form:
vy >0
vg >0 4)
E(vy,vg) —>min
Generally, mathematical programming means a subdomain In general, prin programare matematica se intelege un

of optimization, whose aim is to minimize or maximize a subdomeniu al optimizarii, al carui scop este minimizarea
function, under the conditions of achieving of a number of sau maximizarea unei functii, in conditiile realizarii unei
conditions (restrictions). If the function and restrictions are serii de conditii (restrictii). Daca functia si restrictile se
expressed by linear relations in the optimization variables then exprima prin relatii liniare Tn variabilele de optimizare atunci
the discipline is called linear programming, while otherwise, disciplina se numeste programare liniara, iar in caz contrar,
nonlinear programming [11]. According to [1], the mathematical programare neliniara [11]. Conform [1], programarea
programming is a branch of applied mathematics including the matematica este o ramura a matematicilor aplicate
theoretical principles and numerical methods for solving of cuprinzand principiile teoretice si metodele numerice de
optimization problems (for determining the extremes) of some rezolvare a problemelor de optimizare (de determinare a
functions called function objective or purpose, whose variables extremurilor) a unor functii numite functii obiectiv sau scop,
satisfy a system of restrictive relations (expressing the link ale caror variabile satisfac un sistem de relatii restrictive
between them and the conditions imposed by the possibilities (care exprima legatura dintre ele si conditile impuse de

of the studied process). The quadratic or polynomial posibilitdtile procesului studiat). Elemente de programare
programming elements can be found, for example, in [7]. patratica sau pozinomiala se gasesc, de exemplu, in [7].
RESULTS REZULTATE

The numerical methods used in this field of Metodele numerice folosite Tn acest domeniu al

mathematics are very different, from very simple to very matematicii sunt foarte variate, de la foarte simple la foarte
complexe. These were developed in tens of years of complexe. Acestea au fost dezvoltate in zeci de ani de
intense researches, and after the development of electronic cercetari intense, iar dupa dezvoltarea calculatoarelor
computers, the developed algorithms and programs electronice, algoritmii si programele dezvoltate au pus la
allowed the engineers to work with instruments calculating indeména inginerilor instrumente de lucru care calculeaza
the optimal points very simple and quickly. One of these punctele optimale foarte simplu si rapid. Unul dintre aceste
programs is Mathcad 2001 Professional, that we used in programe este Mathcad 2001 Professional, pe care l-am

this paper. folosit in aceasta lucrare.

Numerically, the Mathcad 2001 Professional software, Numeric, programul Mathcad 2001 Professional,
usind as starting point vr = 0.5 and vg = 2, obtain for the folosind ca punct de start vr = 0,5 si vg = 2, obtine pentru
optimal speeds working and in no load, the values: vr = vitezele optimale in lucru si in gol, valorile: vr = 3,234 m/s,
3.234 m/s, vg = 7.655 m/s. vg = 7,655 m/s.

The existence of the minimum point of this surface was Existenta punctului de minim al acestei suprafete era

anticipated also graphically, as shown in Fig. 1 and 2. anticipabila si grafic, dupa cum se vede in fig. 1 si 2.
Minimum is included in the indigo area of the lowest value. To Minimumul se afla inclus in zona indigo de cea mai mica
determine more precisely the point, the chart can be detailed, 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:

Emargy. Ko
Esvegia

spead in warking, ms
videza i Mery

INMATEH — icultural

poate detalia, ca Tn 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:

wprail = e baad. m's
viezr in gof

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

mfs

speed in no load, m's

2 K

speed in working, m's

4 H
m's

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 suprafetei ce reprezinta grafic functia energie care se minimizeaza in acest subcapitol

Ppg 1
E(vr,Vg) = gs FCL + pypCL +( fygsCL + p2pCL)Vy oot

Pog [2Ac +B(C +2Lg )] 1

[2AC +B(C+2Lg) ] fgs +
Vr
Q)

+[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:

17

B Vg

Surpriza consta in 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 in raport cu cele doua viteze:
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Solving the system (6) are obtained the speeds which
perform the minimum energy:

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

)
T m—
' B(fvgs+p2P)
5 )
v~ | Prg
g 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:

Bvp—-q=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 obtinutd in formulele (7), da
speranta ca lucrurile se petrac astfel si pentru parcele de
forma oarecare. Acest fapt trebuie Thsa demonstrat riguros,
fiind o problema ce va ramane in urma acestui studiu.
Energia optimala insa, depinde evident de geometria
parcelei. Solutia optimala (7) depinde in mod esential de
puterea la priza in gol, parametru pe care I-am introdus in
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, in concordanta cu
calculul numeric. Energia minima corespunzatoare are
valoarea de 73,983 kWh. Mai subliniem ca aceasta
problema este problema purd a minimizarii energiei fara a
impune si restrictia:

(8

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

vy >0

vg>0

: ©

Bpvr =q
E(vr,vg)—>min

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 kwWh. Se
observa ca valoarea vitezei in lucru este aceeasi cu cea
folosita Tn experientele descrise in [8] si foarte apropiata de
viteza de lucru optimala data de modelul 1 dimensional
descris Tn primul articol din aceastd serie. Solutia raméane
aceeasi si daca restrictia se pune in sensul mai larg, Bpv; <
g. Aceasta resrictie este mai corect pusd 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 in jurul punctului de minim,
suprafata care reprezintd 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 Tn 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.

INMATEH — icultural

reprezentarea grafica din fig. 3. De exemplu daca se ia solutia
optimala (4) sau (7), si nu se poate lucra cu viteza in gol
superioara vitezei in 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). Datoritad acestei proprietati se poate lucra cu
viteze in gol convenabil alese, fara a avea pierderi
insemnate de energie. Altfel spus, aceasta familie de
modele matematice este caracterizata de o tolerantd mare
n raport cu repectarea vitezei in gol optimale.

kWh 742

741
E
g

139 .
3 b

7 9 11
v m's

Fig. 3 - Energy variation around the point of minimum, on the the direction of speed in no load /
Variatia energiei in jurul punctului de minim, pe directia 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 will
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 n lucru modelele nu mai sunt atat de
tolerante. Daca se lucreaza cu o viteza egala cu jumatate
din viteza de lucru optimald, atunci rezulta 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 intre viteza in 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 relatiile ce exprima lungimea unei intoarceri si
restrictiasub forma de egalitate (toate descrise in primul
articol). Cu aceste relatii si cu notatiile:

Ppg pCL
M = fgsCL + ppCL + ———+ 2AfgC (10)
q
N = f,9sCL + popCL (11)
U = f9sa(C+2Ls) (13)
S :Ppg (C+2Ls) (14)
2pACP
it (15)
aq

;_ fy950((C +2Ls) 16

the expression of energy becomes: expresia energiei devine:

V,
E(vr,vg) =M +Nvy +Qvqg +£+i+TV—r+Z—g 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 usoara 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.

Eneeny. KWh
Energly
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un domeniu foarte larg de viteze pentru fig 4.

Intervalul de viteze considerat este intentionat exagerat
(viteza in 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, vq = 9,334 m/s. Acestea
au fost obtinute pe cale numerica.

spued fnno foad, s

vileZa in gol
spood in wotking, ms
vitels iw hcro
Fig. 4 - The area that is the graphical representation of the function /
Suprafata care este reprezentarea grafica a functiei E = E(v;,vg)
s 10
- N NN PPk ke PTE R
. —
speed/ 1
viteza 1
5 b
i
1] 5 10 15 20 23 30 33 40 a5
BLs EC
100
CL
= speedinworking ;! = ..ee. speed in no load [/
viteza in fucry viteza in 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 in gol, in raport cu cresterea lungimii
drumului parcurs pentru repararea gresurilor, exprimata ca procent din lungimea drumului total parcurs in lucru (recoltare) pe intreaga
parceld, pentru datele din tabelul de calibrare (dat in 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,Vvg) 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 univocity of calibration or
consequences of non-unigueness of calibration. Under the
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Reprezentarea grafica din fig. 5 aratd modul in care
vitezele optimale in 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 verticalad in sens pozitiv, nu este
surprinzator, este in 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 decéat viteza in lucru si mai mult, viteza in gol are
valori chiar cu mult mai mari decat cea n lucru. Apare
astfel si o posibila dependenta a unor rezultate de
calibrare, mai ales ca este foarte posibil ca valorile de
calibrare sa nu fie unice. Acest subiect este insa un cu totul
alt subiect referitor la modele si calibrare, la univocitatea
calibrarii sau consecintele neunicitatii calibrarii. In aceleasi
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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 — icultural

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 In gol optimala cu valoarea 1,997 m/s.
De asemenea, odatd cu aceste observatii se poate face
una referitoare si la rafinarea modelului. Este normal ca
viteza in 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 n lucru, viteza in gol — care
vizeaza deplasarile utilajului Tn gol pe laturile parcelei sau
pentru repararea gresurilor si viteza la intoarceri.

trfs 3
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Fig. 6 - Optimal speeds variation with increasing of vegetal production in the case of a route without mistakes /
Variatia vitezelor optimale cu cregterea productiei vegetale in cazul unui parcurs féra 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 / Variatia vitezelor optimale cu cresterea productiei 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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CONCLUzII

Rezultatele teoretice si numerice demonstreaza ca, cel
putin pentru cazul de calibrare studiat, modelul 2-
dimensional este superior celui 1-dimensional nu humai din
punctul de vedere al fidelitatii fatdde 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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RESEARCHES ON IMPROVING THE WORKING PROCESS OF THE PICK-UP TYPE DRUM
WITH THE RETRACTABLE FINGERS

/

CERCETARI CU PRIVIRE LA IMBUNATA TIREA PROCESULUI DE LUCRU AL TOBEI CU
DEGETE ELASTICE RETRACTABILE
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Abstract: It is well know that the drums with elstic
fingers besides their remarkable constructive and
functional characteristics (design simplicity, high
operation reliability, light weight, adaptability to varied
working conditions) have a big drawback: relatively
low working capacity specific to low forward speeds.
To increase capacity, while maintaining quality idexes
at admissible rates (low loss material feed, to avoid
separation leaves and inflorescence stems of the
plants and eliminate contamination of feed material
with ground) is necessary to find solutions to increase
the active area of elastic fingers during the raking
process.

Keywords: pick up type drum

INTRODUCTION

Forage losses of any kind seriously affect animal
producers, causing reduction of livestock numbers.
These losses can take many forms, such as drought
extended over several years, application of wrong
agricultural policies or using of equipment with
technical lower performance. As for us, in the latter
case we want to interfere with theoretical research
work and to improve the elastic fingers comprised by
lifting drums, thus eliminating the loss of fibrous feed
[1, 2,3, 4,5, 6].

MATERIAL AND METHOD

Addressing this requirement can be realized by
deepening the study of drums workflow made of elastic
fingers folding.

Elastic fingers
operations:

- gathering (raking) feed material left on stubble after a
mowing machine or mowing machines and
conditioning (crushing, napping, etc.), machines of
picking-overturning tha hay, and so on;
lifting the material on stubble surface at the level of
working p[arts of the machine (feeder, pre-crushing
device, intermediate conveyor, etc) obn which is
assembled and mounted the device of picking and
lifting from furrow;
transmission (pushing) feed material next to working
organs that are part of the machine where the device
is mounted.

Each of these technological operations are carried out
in a specific way by the action of the elements of drum
type device together with elastic fingers on feed material.
The most active component of this device is the elastic
fingers. They perform a complex movement, different from
one operation to another and within each operation from
one phase to another.

Most complex operation to be performed by device
elastic retractable fingers drum is the raking of feed
material. This feed material is at a shorter distance
above the ground at about at the stubble average height
level, being unordered leaning on spines. Tightening by

drums perform three distinct
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Rezumat: Este binecunoscut faptul ca tobele cu degete
elastice pe 1angé caracteristicile constructive si functionale
remarcabile (simplitate constructiva, siguranta ridicata in
functionare, masé redusd, adaptabilitate la conditii foarte
variate de lucru) au un mare neajuns: capacitate specifica
de lucru relativ redusd, datorita vitezei de Tinaintare
scazutd. Pentru mdrirea capacitétii de lucru, in conditiile
mentinerii indicelor calitativi la cote admisibile (pierderi
reduse de material furajer, evitarea desprinderi frunzelor gi
inflorescentelor de pe tijele plantelor si eliminarea
Impurificarii materialului furajer cu paméant) este necesar
sd se gdseascad soluti de crestere a zonei active a
degetelor elastice n timpul procesului de greblare.

Cuvinte cheie: toba de ridicare

INTRODUCERE

Pierderile de furaje de orice fel afecteaza grav
producatorii de animale, cauzeaza reducerea numarul
efectivelor. Aceste pierderi pot avea diferite forme, cum ar fi
seceta prelungitd extinsa pe mai multi ani la rand, aplicarea
unor politici agricole gresite sau din cauza folosiri unor utilaje
cu performante tehnice mai scazute. Ceea ce ne priveste in
acest ultim caz dorim sa intervenim cu cercetari teoretice ti sa
imbunétatim procesul de lucru a degetelor elastice ceintra in
componenta constructivda a tobelor de ridicare, astfel
eliminand pierderile de furaje fibroase [1, 2, 3, 4, 5, 6].

MATERIAL S| METODA
Solutionarea acestei cerinte se poate realiza prin

aprofundarea studiului procesului de lucru executata de

tobele cu degete elastice rabatabile.

Tobele cu degete elastice executa trei
tehnologice distincte:

- strangerea (greblarea) materialului furajer ramas pe
miriste Th urma unei masini de cosit sau masini de
cosit si conditionat (strivit, scamosat, etc), masini de
strans-intors si ravasit fan, etc;
ridicarea materialului de pe suprafata miristi la nivelul
organelor de lucru din fluxul tehnologic al masini
(dispozitiv de alimentare, dispozitiv de precomprimare,
transportor intermediar, etc) pe care vine montat
dispozitivul de adunat si ridicat din brazda;
transmiterea (impingerea) materialului furajer la
organele de lucru urmatoare aflatd in componenta
masinii pe care se afla montat dispozitivul.

Fiecare dintre aceste operatii tehnologice se realizeaza
intr-un mod specific prin actiunea elementelor componente
ale dispozitivului de adunat de tip toba cu degete elastice
asupra materialului furajer. Partea cea mai activa dintre
componentele acestui dispozitiv o reprezinta degetele
elastice. Ele executa o miscare complexa, diferita de la o
operatie la alta si in cadrul fiecarei operatii de la o faza la alta.

Operatia cea mai complexa pe care o executa
dispozitivul de tip toba cu degete elastice rabatabile o reprezinta
strangerea (greblarea) materialului furajer. Acest material
furajer se afla la o distanta mica deasupra solului aproximativ
la nivelul Tnaltimii medie a miristei depus neordonat rezemat

operatii
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the fingers of drum work is a process consisting of two
phases:

phase | — penetration of fingers into fodder matter furrow ;
phase Il - moving material on surface of stubble.

For easy penetration of fingers through feed
material layer, a porous layer composed of plant stems
and leaves which are knitting randomly with large
spaces between particles is necessary for them to
pierce the layer.

It is considered fig.1. drum shaft noted as O, situated
at the height H from the ground and position Ap of the
drum with elastic finger when the finger touches the top of
the swath of feed material whose thickness is hy.

Radius of position OAB. of bar with fingers forms an
angle ap with the horizontal axis when the fingertip
touches furrow.

Drum moves parallelly to the ground surface with a
speed vm (speed of the machine) and performs a
rotation with speed@to the axis O in clockwise
direction. Feed material is supported by stubble whose
average height is denoted by hp,.

W

1' ” 11
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pe tepii mirigtei. Strdngerea lui de catre degetele tobei
constituie un proces de lucru alcatuit din doua faze:

faza I-a — patrunderea degetelor in brazda de material furajer;
faza Il-a — deplasarea materialului pe suprafata miristei.
Pentru patrunderea ugoara a degetelor prin stratul de
material furajer, un strat poros alcatuit din tije si frunze
vegetale care se inlantuiesc aleator cu spatii insemnate
intre particule este necesar ca ele sa execute o miscare
de impungere (intepare) a stratului.

Se considera fig. 1 axul tobei notat cu O situat la Tnaltimea
H fatd de nivelul solului si pozitia Ap a tobei cu degetele
elastice in momentul in care varful degetului atinge fata
superioara a brazdei de material furajer a carei grosime este hy,.

Raza de pozite OAB. a barei cu degete formeaza
unghiul &, cu axa orizontald in momentul in care vérful
degetului atinge brazda.

Toba se deplaseaza paralel cu suprafata solului cu o
vitezd v m (viteza de deplasare a masginii) si executa o
migcare de rotatie cu viteza @ fata de axa O in sens orar.
Materialul furajer este sustinut de miriste a carei inaltime
medie este notata cu h m.

I

Fig. 1 -The drum with the elastic retractable fingers in the phase | of working /
Dispozitivul de tip toba cu degete elastice rabatabile aflata la faza a I-a de lucru

Given the movements they perform the drum
(transport movement - translation speed and relative
motion controlled - uniform rotation) can be deduced
that elastic fingers to penetrate the layer of feed is
necessary that:
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where:

- the angle formed by the direction of elastic fingers with
upper side of swath of feed material;

- the angle formed between the fingers with the position
radius direction of port fingers bar.

Where fingers should be placed on the elastic beam
port position bar fingers (represented by the dashed
OBc) or inclined backwards, as at the current car
devices, it is obvious that they would execute a push-
down motion of layer which would feed their spines
wedge stubble.

Following this, increase feed material losses
particularly by removing leaves and inflorescences on
stems, invaluable component in terms of nutrient in
animal feed. To eliminate this functional drawback is
useful to change orientation of elastic fingers. By
orienting the front fingers part (their tip) in forward
displacement of machine a a dislocation effect of
fodder matter and a progressive and slight
compactions are obtained.

24

Tindnd seama de migcarile pe care le executd toba
(migcare de transport — translatie cu viteza controlata si o
migcare relativa — rotatia uniforma) se poate deduce ca

pentru patrunderea degetelor elastice in stratul de
material furajer este necesar ca:
v
<z
2 @
v
+B2>=
p 2
in care:

- unghiul format de directia degetelor elastice cu fata
superioara a brazdei de material furajer;

- unghiul format intre directia degetelor cu directia razei
de pozitie a barei port-degete.

Tn cazul in care degetele elastice ar fi dispuse pe directia
razei de poztie a barei port-degete (directa OBc
reprezentatd cu linie intrerupta) sau inclinate in urma, asa
cum sunt la dispozitivele maginilor actuale, este evident ca
ele ar executat o impingere in jos a stratului de furaje ceea ce
ar duce la impanarea acestora in tepii mirigtei.

Urmare a acestei actiuni cresc pierderile de material furajer
ndeosebi prin desprinderea frunzelor si inflorescentelor de pe
tijele tulpinilor, componente deosebit de valoroase din punct de
vedere nutritiv In furajarea animalelor. Pentru eliminarea acestui
neajuns functional se considera folositoare modificarea orientarii
degetelor elastice. Prin orientarea degetelor cu partea anterioara
(varful lor) in sensul de inaintare al maginii se realizeaza un efect
de dislocare (ridicare) a stratului de material furajer si o
compactare progresiva si usoara a lui pe directia de miscare.
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Fig. 2 -The drum type pick up with the elastic fingers which are hinged in the phasa Il of working /
Dispozitivul de tip toba cu degete elastice rabatabile aflaté la faza a ll-a de lucru

Thus the impact between the fingers and fodder
material is transmitted as a damped wave in the furrow
without tearing and ripping leaves stems and flowers.

Phase Il named rake, begins when the elastic
fingers of drum (see fig.2) penetrate through stubble
spines when their tips By are at the level of the average
height of stubble (hm).

During this phase, fingers move (push) swath of
material on the surface of stubble. Pushing is done by
pressing, the density of material layer gradually increases
with particle agglomeration. Layer tensions grow by
particles agglomeration. The tensions from the layer grow
and vary on pushing direction from contact with fingers
where they have maximum value to the extent of influence
where they have minimum value corresponding to resting
layer tension.

End of phase Il corresponds to the moment when
your fingers are out of stubble, respectively when their
peaks noted by B2 reached the level hm. Rake phase is
performed along the trajectory arc B2 B1 BO described by
elastic finger tips and comprises two areas:

- the agglomeration of the material in front of the elastic
fingers along the arc B1 - BO;

area of pushing material over the arc denoted BO -

B2.

The first area, the elastic fingers orientation
against position radius direction of finger bar port is
constant. This means that the angles g1 = £ . Bar
position port fingers changes while browsing the area
from o1 la ao. Due to this increase in position angle «
changes also the penetration angle y from:

=7

From previous relationships it results that yo < y1
which means that the action of pushing up feed material
and wedging it in stubble spines diminishes.

At the push of a material along the arc BO - B2 range
bar harbor fingers position rotates about the axis of the
drum ao to a. Throughout this area in front of spring
fingers is gathered a certain amount of feed material that
exerts a gradually increasing drag. Gradually material
density increases and easy compaction occurs, whereas
deformations occur as remanent deformations of plants
under the influence of internal stress produce.

_(a1 +ﬂ1)
wo==n lag+pp)
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Astfel impactul dintre degetele si material furajer se
transmite ca o unda amortizata in brazda de material
furajer, fara a provoca ruperea tijelor si desprinderea
frunzelor si a florilor.

Faza a II- a numita greblare propriu - zisa, incepe n
momentul Tn care degetele elastice ale tobei (fig. 2)
patrund printre tepii miristei, cand varfurile lor B; se afla la
nivelul Tnaltimii medie a miristei (h m).

in  decursul acestei faze degetele executd
deplasarea (impingerea) brazdei de material pe suprafata
miristei. Impingerea se realizeaza prin presare, densitatea
stratului de material creste treptat prin aglomerarea
particulelor. Tensiunile din strat cresc si variaza pe directia
de Tmpingere de la contactul cu degetele unde au valoarea
maxima pana la limita de influentd unde au valoarea
minima, corespunzatoare tensiunilor din stratul de repaus.

Sfarsitul fazei a Il- a corespunde momentului in care
degetele au iesit din miriste respectiv cand varfurile lor
notat cu B2 au ajuns la nivelul h m . Faza de greblare se
realizeaza de-a lungul arcului B1 BO B2 al traiectoriei
descrisa de varfurile degetelor elastice si cuprinde doua zone:

zona de aglomerare a materialului in fata degetelor
elastice de-a lungul arcului By — B;

zona de impingere a materialului prin influentd de-a
lungul arcului notat Bo — B> .

In prima zona orientarea degetelor elastice fati de directia
razei de pozitie a barei port-degete se mentine constanta.
Aceasta inseamna ca valoarea unghiurilor i = fo. Pozitia
curenta a barei port-degete se modifica in timpul parcurgerii
acestei zone de la o1 la a. Corespunzator acestei cresteri a
unghiului de pozitie « se modifica si unghiul de patrundere  de la:

@
©)

Din relatiile anterioare rezultd ca wo < y1 ceea ce
inseamna ca actiunea de impingere in sus a materialului
furajer si impanarea lui in tepii miristei se diminueaza.

In zona de Impingere a materialului, de-a lungul arcului
BO — B2 raza de pozitie a barei port degete se roteste fata de
axa tobei de la oo la o». De-a lungul acestei zone in fata
degetelor elastice se afla adunatd o oarecare cantitate de
material furajer ce exercitd o rezistentd la inaintare treptat
crescatoare. Densitatea materialului creste progresiv si are loc
0 ugoara compactare, intru-cat se produc deformatii remanente
ale tijelor plantelor sub influenta tensiunilor interne.
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The length of this zone is influenced by the angle of
rotation of the bar port fingers value to drum axis at
position Ao to A, position. To expand this area is
considered useful to drive a rotating bar to port fingers
axis with angular velocity «: in the opposite direction of
rotation of the drum.

So when elastic fingers leave the stubble (position
B,) the radius of position of the bar port fingers forms
the angle p with elastic fingers, angle measured
counter-clockwise.

Elastic fingers turning the opposite direction of travel
of the machine equipped with retractable elastic fingers
drum ensures keeping in the active area of the fingers of
a bar longer than usual, thus increasing the effective
length of the rake area.

Laws of motion of fingertips while browsing the phase
of the two different rake differ. To establish them a
system of plan coordinate axles is chosen with the O
point origin in drum axis device (fig. 2).

OX abscissa axis (horizontal) is chosen at the level
of drum axis oriented towards the direction of travel of the
machine. QY ordinate axis (vertical) is facing down,
passing through the point BO end of agglomeration zone
and starts pushing the material fodder when projection
distance Ro of point Bg is vertical . Radius projection
value of point Bg is:

INMATEH — icultural
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Lungimea acestei zone este influentatd de valoarea
unghiului de rotire a barei port-degete fata de axa tobei din
pozitia Ao pana la pozitia A,. Pentru extinderea acestei
zone se considera util sa se imprime o migcare de rotatie a
barei port-degete faté de axa sa cu viteza unghiulara o in
sens invers sensului de rotatie al tobei.

Astfel Tn momentul iesirii din miriste a degetelor
elastice, (pozitia B) directia razei de pozitie a barei port
degete formeaza unghiul B cu degetele elastice, unghi
masurat in sens trigonometric.

Rotirea degetelor elastice in sens invers fatd de sensul
de deplasare a masinii echipata cu toba cu degete elastice
retractabile asigura pastrarea in zona activa a degetelor
unei bare timp mai indelungat, astfel marindu-se lungimea
efectiva a zonei de greblare.

Legile de miscare ale varfurilor degetelor in timpul
parcurgerii celor doua zone ale fazei de greblare difera. Pentru
stabilirea lor se alege un sistem de axe de coordonate plan, cu
originea punctului O in axa tobei dispozitivului (fig. 2).

Axa absciselor OX (orizontald) se alege la nivelul axei
tobei orientatda in sensul de deplasare al masinii. Axa
ordonatelor QY (verticald) este orientata in jos, trece prin punctul
By sfarsitul zonei de aglomerare si inceputul zonei de impingere
a materialului furajer, cand raza de proiectie Ro a punctului Bo
este verticala. Valoarea razei de proiectie a punctului By este:

R=\/I2+r2+2lrcosﬂ’O =H-a

where:
| - length of elastic fingers ;
r - the radius of the drum;
H - distance from the ground to the drum axis;
a - protection zone, the distance from the ground
to fingertips.

To avoid contamination of feed material with ground
is necessary for the protection to be of value between
20 and 25 mm.

Radius of position of fingertip at entry and exit points
of rake phase, respectively points Bi and Be are:

4)

unde:
| — lungimea degetelor elastice;
r — raza tobei;
H — distanta de la sol pana la axa tobei;
a — zona de protectie, distanta de la sol pana la
varful degetelor elastice.

Pentru evitarea impurificarii materialului furajer cu
pamant este necesar ca zona de protectie sa aiba valoare
ntre 20-25 mm.

Razele de pozitie ale varfurilor degetelor la intrarea si iesirea
din faza de greblare respectiv ale punctelor Bi si Be sunt:

Ri= /I +r% + 2Ircos

Rz2= /I +r?+2lrcos 3,

Using geometric elements fig.2., You can write the
following equality:

H-hm=rsing +Isin(e, + A3)

H-hm=rsina, +Isin(a, - 5,)

where:
- is the angle formed by position radius of the bar port
fingers A1 with OX axis, measured clockwise when elastic
finger penetrate the stubble;
- is the angle between the position radius of port fingers
A, with axis OX, when leaving the stubble;
- are slope angles of elastic finger angles to the
direction of position range of bar port fingers A1 when
fingers are entering stubble, or upon leaving the
stubble As.

For a value of angles chosen, it results drum placing
height H to the ground, which is:

®)
6

Utilizand elementele geometrice din fig.2., se pot scrie
urmatoarele egalitati:

™
®

unde:

- este unghiul format de raza de pozitie a barei port

degete A; cu axa OX, masurat in sens orar in momentul

patrunderii degetelor elastice In miriste;

- este unghiul format de raza de pozitie a barei port-degete

A; cu axa OX, in momentul iesirii degetelor din miriste;

- sunt unghiurile de Inclinare ale degetelor elastice fata de directia

razei de poziie a barei port-degete A: in momentul intrari

degetelor in mirigte, respectiv A, in momentul iesirii din miriste.
Pentru o valoare a unghiurilor aleasa, rezultd inaltimea

H de asezare a tobei fata de nivelul solului, care este:

H= /12412 +2rcos g, +a

The angle that characterizes elastic fingers when
entering stubble resulting from the relation (7):

©

Valoarea unghiului care caracterizeaza momentul
patrunderii degetelor elastice in mirigte rezulta din relatia (7):

26
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1 —2r—2lcos g, (10)
al:ZarCtg " 2 2 2 2 i 2 2 2
2(-1sin B, —H +h){ +/ar? +8rl cos 8, +41? cos? 8, +41%sin? B, —4H? +8Hh—4h

as one can write, after simplifications: ceea ce se mai poate scrie, dupa efectuarea simplificarilor:
r+lcosfy \/r2+12+2rlcosﬂ[ (H h )2 (11)
oy = 2arctg -
Isinfy+H h
Similarly appropriate angle when leaving the stubble Tn mod asemanator unghiulcorespunzator momentului
fingers resulting from relation (8): iesirii degetelor din miriste rezulta din relatia (8):
—2r-2lcos j, +\/4r2 +8rlcos B, + 412 cos? B, +4l°sin® B, —4H? +8Hh - 4h® (12)

o, = 7 —2arcty

2(~1sin g, —H +h)

after simplification, becomes: dupa efectuarea simplificarilor, devine:

r+lcospy \/r2+12+2rlcosﬂ1 (H h)?

-z 2 (13)
a2 =m carclg Isinfy+H
Angle of the position radius of the bar port fingers Ao Unghiul format de raza de pozitie a barei port-degete
with horizontal axis at time t = 0, when fingertips are on Ao cu axa orizontala in momentul t = 0, cand varful degetelor
OY axis, it results a triangle OAq By (fig. 3): se afla pe axa OY, rezulta un triunghi OA By (fig. 3):
Isi
ap = arccos Sl”lﬁ] (14)
\/12 +r? +2lrcos B
Current coordinates of the ends of elastic fingers while Coordonatele curente ale capetelor degetelor elastice
browsing the arc B: — By (fig. 4) are: n timpul parcurgerii arcului B1 — By (fig. 4) sunt:
Xi=Vmti + Ry sin ot (15)
Yi =Ry cos at, (16)
Where: in care:
ti - the time needed to move the finger in position by ti — reprezinta timpul necesar pentru deplasarea degetului
position B; up to Bo. din pozitia B1 pana in pozitia Bo.

Radius of position of point B; to the axis OY is determined Raza de pozitie a punctului B1 fatda de axa OY este

by the angle fi measured in clockwise direction of rotation determinata de unghiul §i masurat in sens invers sensului

of the drum. So we can write: de rotatie a tobei. Deci se poate scrie:
ot =—¢ (17)
ti= é (18)
[0}
where is the @ angular velocity of the drum with elastic in care @ este viteza unghiulard a tobei cu degete
fingers. elastice.
Independent variable in equations (15) and (16) is time. Variabila independenta din ecuatiile (15) si (16) este
By derivation are obtained equations of components of timpul. Prin derivare se obtin ecuatile componentelor
velocity of fingertip as follows: vitezei varfului degetului, astfel:
Xi= Vi + wcosat, I + 17 + 2lrcos S, 19)
Y = - wsin et /I + 1% + 2Ir cos ; (20)
Differentiating the second equation we obtain Derivand a doua oara ecuatiile obtinem componentele
acceleration components: acceleratiei:
v 2 i 2 2
X; =—w*sin a)ti\/l +r°+2lrcos g, (21)
7 2 2 2
Y, = —w* cos ax; \/I +r°+2lrcos g, (22)

27
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Fig. 3 -The drum with elastic retractable fingers type device which are in the first half of in the phase Il of working /
Dispozitivul de tip toba cu degete elastice rabatabile aflata la prima jumatate a fazei a ll-a de lucru.

B: point coordinates corresponding to the moment Coordonatele punctului B; corespunzator momentului
when elastic fingers entering stubble area: patrunderii degetelor elastice Tn miriste sunt:
X1 =-Vmt1 + Ry Sin a)l’1 (23)
Y:=R1cos a)t1 (24)
where: unde:
tl =- é (25)
w
From fig. 3 follows: Din fig. 3 rezulta:
- T T
U_E_aozz_‘fl_al (26)
where: de unde:
S=a, - (27)
Taking into account the relations (5) and (27), relations Tinand cont de relatiile (5) si (27), relatiile (23) si (24)
(23) and (24) can be written: se pot scrie:
X1='w—sin(ao—o:l),llz+r2+2Ircos,B1 (28)
w
Y1 = cos(ay — oy WI? + 1% +2Ir cos 3, (29)
Current coordinates (2), (3) of fingertips on a bar Iport Coordonatele curente (2), (3) ale varfurilor degetelor

fingers shfted behind with he angle 6 = 2—7Z'where z is the de pe o bara port-degete decalatd in urmé cu unghiul &

z 2z . o
number of bars in the drum when passing through the unde & = 7 In care z reprezintd numarul de bare de la

cluster area will be: toba, la trecerea prin zona de aglomerare vor fi:

Xp = Vm to + Ry sin o, (30)
Yo = Ry cos ot (31)
where: in care:
o, =0-¢
ty = 0-¢
®
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The point of entry into the stubble of spring fingers Pozitia punctului de intrare Tn miriste a degetelor elastice

on the bar is characterized by the following de pe aceasta bara este caracterizatda de urmatoarele
coordinates: coordonate:
o—a,+a .
Xor =V CZL0TH 4 gin(5—ay + oy WIZ + 1 +2Ir cos B, (32)
Vo1 = €08 (5 —ay + oy 12 + 12+ 2Ir cos 3, (33)
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Fig. 4 -The drum type pick up with the retractable elastic fingers which are at the second half of the phase Il of working /
Dispozitivul de tip toba cu degete elastice rabatabile aflatd la a doua juméatate a fazei a Il-a de lucru

Once the elastic fingertips passed over the vertical
axis starts the pushing area of matter on surface of
stubble. The movement process of material is
performed by free compaction in open air, similarly to
stacking process of fibrous materials.

In this area, bars port fingers acquire an additional
rotation movement in the opposite direction of rotation of
the drum. It is considered that this rotation is performed
with angular speed @ = const.

Current coordinates of the trajectory described by
fingertips while driving along the arc of the curve By —
B, are:

XQ:the—

Ye=rsinx

where:

te - time to move to the origin of the axes XOY, where to =

0;

a, the angle between the position radius of bar port fingers

with the horizontal axis;

6, the angle formed by the vertical elastic fingers.
Depending on the initial position, characterized by

angles a, and 6, one can write:

Dupa ce varful degetelor elastice au trecut de axa verticala,
incepe zona de Tmpingere a materialului furajer pe suprafata
miristei. Procesul de deplasare a materialului se realizeaza in
regim de compactare liberad in spatiu deschis, asemanator cu
procesul de stivuire in sira a materialelor fibroase

Tn aceastd zona, barele port-degete capatd o miscare
de rotatie suplimentara in sens invers sensului de rotatie al
tobei. Se considera ca aceastd migcare de rotatie se
executa cu viteza unghiulara o, = const.

Coordonatele curente ale traiectoriei descrisa de varfurile
degetelor in timpul deplasarii de-a lungul arcului de curba Bg

— B2 sunt:
rcosa, +1sing, (34)
e T1cosg, (35)
unde:

te — timpul de migcare fatd de originea sistemului de axe
XQOY, unde to = 0;
o, unghiul format de raza de pozitie a barei port-degete cu
axa orizontala;
6, unghiul format de degetele elastice cu axa verticala.

In functie de pozitile initiale, caracterizate prin
unghiurile ¢, si 90 se pot scrie:

a, =o,+oft, (36)

09 = 00 + a)te - wlte (37)
From fig. 4 follows: Din fig. 4 rezulta:

0, :ao+ﬂ0—% (38)

29
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[0} w

So the current position angle of elastic fingers: deci unghiul de pozitie curent al degetelor elastice:
i 39
He=a0+,6’0—5+te(a)—a)l) (39)

With these equations (34) and (35) become: Cu acestea ecuatiile (34) si (35) devin:
Xe = Vi te — 1 cOS (r, + ak, )+ | cos|ay + 3, +1, (0 — 0, )] (40)
Ye= rSin(aO +a)te)+lsin[010 + B+t (0—o,) (41)
Speed and acceleration components in the two Componentele vitezei si acceleratiei pe cele doua
directions as in (27) are: directii conform (27) sunt:

X, =V, +rosin(a, + at,)— (o —o,)sin[a, + B, +t,(0-o,)] (42)

Y, = rocos(a, + ot, )+ (@ — o, )cos|a, + B, +1.(0—w,)] (43)

X, =ro? COS(O(0 + a)te)— I(a)— a)l)2 COS[O(0 + f, +te(a)— a)l)] (44)

Y, = —rw?sin(a, —aot,)- (o -, ) sin[a, + f, +t.(0-o,)] (45)

The total length of phase of raking is the sum of length Lungimea totala a fazei de greblare reprezinta suma
of two areas: lungimilor celor doua zone:

Xr=|Xy|+[X,] (46)

Where: unde:
Xi- represents the distance from OY axis up to the place Xi- reprezintad distanta de la axa OY pana la locul de
of penetration of fingers into stubble, point B; (fig.3) where patrundere a degetelor in miriste, punctul B; (fig.3) din
from is calculated with the relation (28); care se calculeaza cu relatia (28);
X2 — represents the distance from OY axis up to the place X2 — reprezinta distanta de la axa OY péana la locul de
where the elastic fingers leave teh stubble, point B; fig.4. iesire a degetelor elastice din miriste, punctul B; fig.4. si
and is calculated with the relation: se calculeaza cu relatia:

X, = Vt, — rcos(a, + at, )+ cos|a, + B, +t (0 —,)] (47)
where: t; - is time of rotattion of the bar port fingers in unde: t; — este timpul de rotire a barei port-degete din
position Ag ,A fig. 4 . pozitia Ag Tn pozitia A; fig. 4.

tb= %2~ % (48)
w
relation (47) can be written: relatia (47) se mai poate scrie:

a, —Q o, —Q,

Xz =Vvm —2—2L —rcosa, +|COS|:OCO +ﬁ0+2°(a)—a)l)} (49)

@ )
These values given in equation (46) lead to: Aceste valori introduse n ecuatia (46) conduc la:
O —0 2, 2
—v 2 sin(a, —ay 17 +1° +2Ircos B, | +

XT - m w ( 0 1) ﬁl (50)

+lv, 227% _reosa, +Icos[a0 + +az_a°(a)—a)1)}

The prerequisite is not to let working surfaces where Conditia esentiald ca sa nu raméana suprafete de lucru ne-
drum elastic fingers do not pass, namely any areas trecute de degetele elastice ale tobei, adica sa nu ramana zone
should not remain unraked. Therefore, the place where ne-greblate este necesar ca locul de patrundere in miriste a
fingers penetrate should not exceed the place where degetelor elastice de pe o bara sa nu depaseasca locul de

previuos bar fingers leave the stubbled: iesire din miriste a degetelor barei anterioare:

X1p £ Xoa (51)
where: unde:
Xip - distance from the axis OY up to the current bar finger Xip — distanta de la axa OY péana la locul de intrare a
entering; degetelor barei curente;
X2a - distance from OY axis to place where the previous Xoa — distanta de la axa OY péana la locul de iesire din
bar fingers leave out the stubble . mirigte a degetelor aflate pe bara anterioara.

From relations (32), (49) and (51) follows: Din relatiile (32), (49) si (51) rezulta:

30
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o—a,+a. . a, —Q _
Vm *HW‘@—% +a W12 +17 +2Ircos §, < Vm %— reosa, * Icos[o:O By + (@, —ap - wwl} (52)
For a given value of the ratio of angular velocity of Pentru o anumitd valoare aleasa a raportului dintre
bar port fingers and drum angular velocity we can viteza unghiulara a barei port-degete si viteza unghiulara
write: a tobei putem scrie:
@y
c=— (53)
(0]
Condition to ensure continuity of surfaces raked by Conditia de asigurare a continuitatii suprafetelor
elastic fingers becomes: greblate de degetele elastice devine:
5> Vin (5 +o _0‘2) (54)
I cosla, + B, + (e, — a, N1~ )]~ T cos e, —sin (5 — ct, + o WIZ + 1% + 2Ir cos 3,
If ¢ = 1, the angular velocity of the bar port fingers is Daca ¢ = 1, viteza unghiulara a barei port-degete este

equal to the angular velocity of the drum, the direction to egala cu viteza unghiulara a tobei, directia degetelor fata de
the surface fingers will remain constant over the entire suprafata solului va raméane constanta de-a lungul intregii zone
range of pushing feed material, which means that fingers de impingere a materialului furajer, ceea ce inseamna c3,

will exercise a pushin action of furrow. degetele vor exercita o actiune de impingere in planul brazdei.
A value of ¢ > 1, is not useful as fodder would slip O valoare a raportului ¢ > 1, nu este utila intrucat ar

between the elastic fingers. avea loc alunecarea materialului furajer de pe degetele elastice.
The relation (54) correlates the main structural and Relatia (54) coreleaza principalii parametri constructivi si

functional parameters of elastic fingers drum with state functionali ai tobei cu degete elastice rabatabili cu parametrii de
parameters of feed material layer. In terms of working stare ai stratului de material furajer. Din punct de vedere al
capacity of drum with elastic fingers a particular capacitatii de lucru a tobei cu degete elastice de o deosebita
importance is given by the length of rake phase whose importanta este lungimea fazei de greblare a carei valoare este
value is influenced by many factors, such as stubble influentatd de o multitudine de factori, cum ar fi: inaltimea mirigti,
height, diameter of drum, finger length, angular velocity of diametrul tobei, lungimea degetelor elastice, viteza unghiulara

rotation of the drum, height of protection zone, etc. de rotire a tobei, inéltimea zonei de protectie, etc.
CONCLUSIONS CONCLUZII
Due to operational deficiencies found in the work Datoritd unor deficiente de functionare constatate in

done by drums when lifting fibrous fodder from swath procesul de lucru efectuat de catre tobele de ridicare din
with retractable elastic fingers, we conducted a series of brazda a furajelor fibroase cu degete elastice retractabile
theoretical and experimental researches that led to am realizat o serie de cercetari teoretice si experimentale, care
address these deficiencies and improving workflow, au condus la solutionarea acestor deficiente si imbunatatirea
reducing losses of feed material. Among these procesului de lucru, reducand pierderile de material furajer.

achievements we can mention the following: Printre aceste realizari putem enumera urmatoarele:

1. reduction of losses caused by impact of fingers with 1. reducerea pierderilor cauzate de lovirea furajelor de catre
fodder, by their rotation so their entry the furrow be deget, prin rotirea ale acestora astfel inct la intrarea lor in brazda
done by pricking method and not by striking; sa se faca prin inteparea brazdei si nu prin metoda de lovire;
2. reducing fodder material loss caused by poor raking 2. reducerea pierderilor de material furajer cauzate de
of stubble; in this case atechnical solution has been efectuarea greblarii miristei defectuoase a degetului, in acest

found- to keep the rake finger by turning it successively caz s-a gasit o solutie tehnica de mentinere a degetului de
in two different directions in stubble longer time, ie it greblare, prin rotirea lui succesiva in doua directii diferite, Tn

was increased effective length of a finger raking in miriste o perioada mai indelungata de timp, adica s-a marit
stubble; lungimea efectiva de greblare a unui deget in miriste;

3. reduction of feed material furrow compaction in phase of 3. reducerea compactarii brazdei de material furajer in
rake by slightly folding the elastic fingers backwards to the faza de greblare prin rabaterea usoara a degetelor
direction of travel of the vehicle; elastice Tnapoi faté de directia de deplasare a masinii;

4. achieving a smooth and compact travel of fibrous 4. realizarea unei deplasari line si compacta a
fodder material to the feeder without diffusing or crowding materialului furajer fibros catre dispozitivul de alimentare
it, reducing shock or vibration producing in equipment fara a fi rasfirata sau aglomerata, reducand producerea
operation. socurilor sau a vibratiilor in exploatarea utilajului.
REFERENCES BIBLIOGRAFIE

[1]. Bara V et al (1970) - 'Guide for Agricultural Mechanic, [1]. Bara, V $.a.(1970) - Indrumatorul Mecanicului Agricol,
Ceres Publishing House, Bucharest; Ed. Ceres, Bucuresti;

[2]. Boruga I., Farcas N., Blindu E.S. (2005) - Mechanization [2]. Boruga ., Farcas N., Blindu E.S. (2005) — Mecanizarea
of Agriculture, University Publishing House, Bucharest; agriculturii, Editura Cartea Universitara, Bucuresti;

[3]. Krasnicenko A. (1964) - Handbook of manufacturer of [3]. Krasnicenko, A. (1964) - Manualul constructorului de
agricultural machinery, Technical Publishing House, Bucharest; magini agricole, Editura Tehnica, Bucuresti;

[4]. Mihaiu 1., Drocas I., Molnar A. (2003) - Setting agricultural [4]. Mihaiu I., Drocas |, Molnar A. (2003) — Reglarea
machinery, Risoprint Publishing House, Cluj-Napoca; maginilor agricole, Editura Risoprint, Cluj —Napoca;

[5]. Neculaiasa, V.; Danila, I. (1995) — Work Processes and [5]. Neculadiasa, V.; Danila, . (1995) - Procese de lucru si
agricultural machinery harvesters, A92 Publishing, lasi. magini agricole de recoltat, Editura A92, lasi.

31



Vol. 38, No. 3/2012

[6]. Szendro P., Lengyel A., Laszlo A., Patay I., Jori J.1.,
Fodor D., Csizmazia Z., Szule Z., Lang Z., Nemenyi M.,
Gyorfi G., Horvath B., Szabo G., Takatsy T. Wachtler 1.,
Vermes P. (2003) - Mechanics, Agricultural Publishing
House, Budapest.

32

INMATEH — icultural

[6]. Szendro P., Lengyel A., Laszlo A., Patay I., Jori J.1.,
Fodor D., Csizmazia Z., Szule Z., Lang Z., Nemenyi M.,
Gyorfi G., Horvath B., Szabo G., Takatsy T. Wachtler 1.,

Vermes P.
Budapesta.

(2003)

Mecanica,

Editura Agricultura,



Vol. 38, No. 3/2012

INMATEH — icultural
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Abstract: Productions of fodder crops harvested by the
combine vary depending on the harvesting period, climate
and soil conditions, plant growing level. Within the
combine working process, the chopping drum is the most
important working part, that is why three constructive
variants, frequently wused in fodder combines
manufacturing, have been studied.

The paper present the results of experiments performed
for the trailed combine (CTF), endowed with equipment for
harvesting grass fodder(El) and ensiling corn (EP) and
with three constructive variants of chopping drum.

Keywords: combine, fodder, chopping drum

INTRODUCTION

Production of fodder designed to livestock
represents a forefront concern both at national and
world level, because a high quality fodder base enables
high quality products in large quantity obtained in
livestock farms.

The fodder harvesting combine represents the most
inportant equipment within fodder harvesting technologies
for ensiling, [2, 3, 4, 6]

They are equipped with different working equipment
[1, 6], taking into account the operations comprised in
technological process and fodder crop to be harvested:

e equipment for harvesting grass fodder in field;

e equipment for gathering the fodder from furrow;

e equipment for harvesting the corn designed to

ensiling;

Within the technological process of the combine,
the most important working part is the chopping drum,
which cuts the fodder according to dimensions required
and throws them into the evacuation system in the
combine due to peripheral speed and air current
created by it. [2,6]

Because the chopping drum needs the greatest
energy consumption among the combine working parts,
the paper has analysed three constructive variants
frequently used in fodder combines manufacturing,
determining the variation of power required and air
current flow created by drum according to rotative speed.

The air flow rate was indirectly quantified depending
on the speed of air coming from evacuating pipe (at a
known section).

The constructive variants studied are shown
figure 1:

a — chopping drum with knives placed in cascade
an(()j blades placed behind the knife support and tilted at
457,

b - chopping drum with knives placed in ,V’-shape,
without blades;

¢ — chopping drum with knives placed in ,V’-shape,
with blades placed in front of knife support and
perpendicularly to it.

in

33

Rezumat: Productiile culturilor furajere recoltate cu combina
variazé in functie de numérul coasei ce se recolteaza, de
conditiile pedoclimatice, de stadiul de vegetatie al plantelor.
Tn cadrul procesului de lucru al combinei, toba de tocare este
cel mai important organ de lucru, de aceea au fost analizate,
in vederea optimizari, trei variante constructive utilizate
frecvent in constructia combinelor de furaje.

In lucrare sunt prezentate rezultatele experimentérilor
realizate pentru combina tractatd (CTF) dotatd cu
echipamente de recoltat furaje ierboase(El) si porumb siloz
(EP) si cu trei variante constructive de toba de tocare.

Cuvinte cheie: combina, furaje, toba de tocare

INTRODUCERE

Producerea furajelor pentru sectorul zootehnic
reprezintd o preocupare importanta atat pe plan mondial
cat si national deoarece, realizarea unei baze furajere de
calitate se va reflecta in calitatea si cantitatea produselor
obtinute Tn fermele zootehnice.

Combina pentru recoltat furaje reprezinta utilajul cel
mai important din cadrul tehnologiilor pentru recoltarea
furajelor in vederea insilozarii, [2, 3, 4, 6]

Combinele pentru recoltarea furajelor sunt echipate in
functie de operatiile din procesul tehnologic si cultura furajera
ce se recolteaza cu diferite echipamente de lucru [1,6]:

e echipament pentru recoltarea furajelor ierboase din lan;

. echipament pentru adunatul furajelor din brazda;

. echipament pentru recoltarea porumbului pentru
siloz;

Tn cadrul procesului tehnologic al combinei cel mai
important organ de lucru este toba de tocare care,
realizeaza fragmentarea furajelor la dimensiunile cerute si
aruncarea acestora spre sistemul de evacuare din
combind, datorita vitezei periferice si curentului de aer
creat de aceasta [2,6].

Tntrucat toba de tocare necesitd cel mai mare consum
energetic, dintre organele de lucru ale combinei, in lucrare s-
au analizat trei variante constructive utilizate frecvent in
constructia combinelor de furaje, determinandu-se variatia
necesarului de putere si a debitului curentului de aer creat de
toba, in functie de turatie.

Debitul de aer s-a apreciat indirect in functie de viteza
aerului la iesirea din conductd de evacuare (la o sectiune
cunoscuta).

Variantele constructive cercetate sunt prezentate in
figura 1:

a - toba de tocare cu cutite agezate in cascada si
pa!)ete asezate in spatele suportului cutitului si inclinate la
457,

b - toba de tocare cu cutite asezate in ,V” fara
palete;

c - toba de tocare cu cutite asezate in ,V”, cu
palete in fata suportului cutitului si perpendicular pe
acesta.
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Fig. 1 — Constructive variants of chopping drum / Variantele constructive ale tobelor de tocare [6]

a — chopping drum with knives placed in cascade and blades behind the knife support, tilted at 45%, b - chopping drum with knives placed
in v, with blades in front of knife support and perpendicularly to it; ¢ - chopping drum with knives placed in ,V”, without blades / a - foba
de tocare cu cutite agezate in cascada si palete asezate in spatele suportului cutitului si inclinate la 45°, b - tobé de tocare cu cutite
asezate in ,\V”, cu palete in fata suportului cutitului si perpendicular pe acesta; ¢ - toba de tocare cu cutite asezate in V" féra palete;

MATERIAL AND METHOD

For achieving the experiments with the three variants
of chopping drums, was used the trailed forage harvester
combine CTF 65 (currently in production at SC CEAHLAU
SA Piatra Neamt), in aggregate with the 65 hp wheeled
tractor of Romanian manufacturing (Fig. 2).

The main technical and functional characteristics of
the trailed forage harvester combine CTF-65 are:

- Type of machine trailed;
- Actuation 50-100 hp tractor;
- Type of supplying system with 4 rollers;

- Constructive width of the supplying system, mm  520;

- Diameter of chopping drum, mm 600;

- Speed of chopping drum, rot/min 826;

- Number of knives, pcs.: 4randuri x 10 buc./pe rand=40
- Chopping length, mm . 8...35 (6 steps);

- The working width of

corn silage equipment 2 rows x 0.7 m.

The actuation of the working bodies was carried out
from the tractor PTO through a cardanic transmission.

The main machine is endowed with a feeding system
with four rollers, and matter chopping and evacuating are
made by chopping drum; the chopping length can be
adjusted within10...40 mm in 6 stages.

Evacuation of fodder chopped is made through a pipe
backward or laterally left oriented to the combine,
depending on the transport mean which collects the
chopped foddering matter.

For determning the power necessary to driving the
drums, a tensometric device, measuring concomitantly the
twist moment and number of revolutions has been
achieved, and for measuring the air current speed, an
anemometer has been used, namely Testovent-4000,
produced by Testotem (Germany)company, whose
probes (measuring sensor) were introduced through a
hole into the pressure tubing.

e Power transmitted through PTO, Py, is calculated with
relation (1), where:

M is the twist moment measured at PTO’s shaft, in
N-m;

. z-n,

30
rad/s;
np —rotation speed of PTO, in rev/min.
e Power necessary to towing the combine on horizontal
field, P¢, is calculated by the relation (2), where:
F: is the traction force measured at coupling bar in N.
V, — working speed (displacement speed) of aggregate in m/s.
e Total power Py, for towing and driving the combine
working parts is given by the relation (3).

- angular speed of PTO’s shaft, in

MATERIAL S| METODA

Pentru realizarea experimentarilor cu cele trei variante
constructive de tobe de tocare s-a utilizat combina tractata de
recoltat furaje CTF 65 (aflata in fabricatie la S.C. CEAHLAU
S.A. Piatra Neamt), in agregat cu tractoarul de 65CP pe roti
de fabricatie romaneasca, (fig.2).

Principalele caracteristicile tehnice si functionale ale
combinei tractate de recoltat furaje CTF-65 sunt:

- Tipul maginii tractata

- Actionare tractor de 50-100 CP;

- Tipul sistemului de alimentarecu 4 valturi;

- Latimea constructiva a sistemuluide alimentare, mm 520;

- Diametrul tobei de tocare, mm  600;

- Turatia tobei de tocare, rot/min  826;

- Numarul de cutite, buc: 4randuri x 10 buc./pe rand=40

- Lungimea de tocare, mm . 8...35 (6 trepte);

- Latimea de lucru a echipamentului

de recoltat porumb siloz 2 randuri x 0,7 m.
Actionarea organelor de lucru s-a efectuat de la priza

de putere a tractorului printr-o transmisie cardanica.

Masina de baza este prevazutd cu un sistem de
alimentare cu patru valturi, iar tocarea si evacuarea
materialului se realizeaza de catre toba de tocare, iar lungimea
de tocare poate fi reglata in intervalul 10...40 mm in 6 trepte.

Evacuarea furajelor tocate se face printr-o conducta
orientabila in spate sau lateral stdnga fata de combina, in
functie de mijlocul de transport pentru colectarea masei
de furaje tocate.

Pentru determinarea puterii necesare actionarii
tobelor de tocare s-a utilizat o priza tensometrica care
masoara concomitent momentul de torsiune si turatia, iar
pentru masurarea vitezei curentului de aer s-a folosit un
Anemometru Testovent-4000, produs de firma Testotem
(Germania), al carei sonde (senzor de masurare) a fost
introdus printr-un orificiu in tubulatura conductei de
refulare.

e Puterea transmisd prin priza de putere, Pp,[2,5] se
calculeaza cu relatia (1), unde:

M, este momentul de torsiune masurat la arborele
prizei de putere, in N-m;

_7n

P30
putere in rad’s;
np —turatia prizei de putere, in rot/min.
o Puterea necesaré tractérii in lucru a combinei pe teren
orizontal, P, [2,5], se calculeaza cu relatia (2), unde:
F este forta de tractiune masurata la bara de cuplare in N.
V| - viteza de lucru (de deplasare) a agregatului in m/s.
e Puterea totald Py, pentru tractarea si actionarea
organelor de lucru ale combinei este data de relatia (3).

- viteza unghiulara a arborelui prizei de

34



Vol. 38, No. 3/2012 INMATEH - icultural
P,=M, o,-10° (kW] 1)
-3
P=F-V,-107 [kw] @
T - I’] -3
Fim=Pp+Pt=(Mp'¥+E'V|)'10 (kW] ©)
Fig. 2 The aggregate tractor U650 + trailed combine of forages CTF-65 /
Agregatul tractor U650 + combina tractata de furaje CTF-65
RESULTS REZULTATE

The experimental researches with the trailed combine
CTF, equipped with the three variants of chopping drums
have emphasized the influence of drum number of
revolutions on power required at tractor's PTO and on air
flow rate created.

Results of experiments, obtained for the three
constructive variants of drums are shown in figures 3 and
4. Graphics indicate the variation of power necessary to act
the no-load drums and the speed of air current created by
drums depending on their rotative speed.

Following the study, we can draw the conclusions:

1. chopping drum with knives in cascade (fig.1.a) has
the lowest power consumption, achieving at the same time
an air current with a bigger speed;

2. chopping drum with knives in ,V’ and blades (fig.1b)
has a higher power consumption and lower speed of air
current than variant without blades (fig.1c);

3. Also, at experimentations it was found the influence
of airflow created by drum on the horizontal throwing
distance of chopped material. Thus, at the drum with
blades (fig.1.b) the throwing distance is smaller by approx.
1.5 m compared with the drums without pallets.

Cercetarile experimentale cu combina tractata, CTF,
echipata cu cele trei variante de tobe de tocare au scos in
evidentd influenta turatiei tobei asupra necesarului de
putere la priza de putere a tractorului si asupra debitului
de aer creat de toba.

Rezultatele experimentarilor, obtinute pentru cele ftrei
variante constructive de tobe, sunt prezentate sub forma de
grafice in figurle 3 si 4. Graficele indica variatia puterii
necesare pentru actionarea in gol a tobelor si a vitezei
curentului de aer creat de tobele in functie de turatia acestora.

Tn urma analizei se apreciaza urmatoarele:

1. toba de tocare cu cutite asezate in cascada (fig.1.a) are
cel mai mic consum de putere, realizand totodata un curent de
aer cu viteza mai mare;

2. toba de tocare cu cutite asezate in ,V” si cu palete (fig.1b)
are consumul de putere mai mare, iar viteza curentului de aer
este mai mic fata de varianta fara palete (fig.1c);

3. De asemenea, la experimentari s-a constatat influentata
curentului de aer creat de toba asupra distantei de aruncare pe
orizontala a materialului tocat. Astfel, la toba cu palete (fig.1.b)
distanta de aruncare este mai mica cu cca. 1,5 m fata de tobele
fara palete.

5 |
4,5 —{ —e— Chopping drum w ith

g 4 /,MX knives placed in ,V”, with
— 35 | = | blades/Toba cu cutite in

) o1 ° ——
g 3 | o] "V" cu palete
et L g = =
% 25 __-7__.//'/ _ —=— Chopping drum w ithout
el knives placed in ,V”, with
5 15 blades/Toba cu cutite in
g ’1 "V" fara palete
o
o 05 Chopping drumw ith

’ knives placed in

0 cascade/Toba cu cutite n

715 723 727 758 805 833 855 4§ cascada
Rotation speed / Turatia [rot/min]

Fig. 3. - Variation of power required for no-load acting the chopping drums according to rotative speed /
Variatia puterii necesare pentru actionarea in gol a tobelor de tocare in functie de turatie
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715 723 727 758 805 833 855 895

Rotation speed / Turatia [rot/min]

Fig. 4. - Variation of speed of air current created by chopping drums depending on rotation speed /
Variatia vitezei curentului de aer creat de tobele de tocare in functie de turatie

Since the chopping drum with knives in cascade has
developed higher indexes (smaller driving power, greater
speed airflow) have been continued the tests in laboratory-
field conditions at maize silage harvesting determining the
qualitative working and energetic indicators.

The main agrobiological characteristics of the crop
above are shown in table 1, and in fig. 5 is presented an
image of tests performed.

Intrucat toba de tocare cu cutite in cascada a realizat
indici superiori (putere de actionare mai mica, viteza mai
mare a curentului de aer) s-au continuat ncercarile in
conditi de laborator-camp la recoltat porumb siloz
determin&ndu-se indicii calitativi de lucru si cei energetici.

Principalele caracteristici agrobiologice ale culturii de
porumb siloz sunt prezentate in tabelul 1, iar in fig. 5 este
prezentat un aspect din timpul incercarilor.

Table 1/ Tabelul 1 [6]

Main characteristics of ensiling corn culture/ Principalele caracteristici ale culturii de porumb siloz

Index name / Denumirea indicelui M.U./U.M. Ensiling corn/Porumb siloz
Production of green matter / Productia de masa verde t/ha 27.30/27,30
Average height of field / Inaltimea medie a lanului mm 2500
Average length of plants / Lungimea medie a plantelor mm 2350
Humidity / Umiditatea % 62.20 /62,20
Plant growing stage / Stadiul de vegetatie - Wax grain / bob in lapte ceara
Botanical composition / Compozitia botanica:
. " % 97
- crop plants / plante din cultura % 3
- other plants (weeds) / alte plante (buruieni)

“

regate trac

Fig. 5— Te agg

- fo

or U650 with th cobin CTF at havestin of aize silage /

Agregatul tractor U650 cu combina CTF la recoltat porumb siloz

Within the tests, were determined the average values
of qualitative working indexes, matter losses, quality of
chopped matter and energetic indexes and the results are
shown in tables 2 and 3.

in cadrul incercarilor s-au determinat valorile medii ale

indicilor calitativi de lucru, pierderile de material, calitatea
tocaturii si indicii energetici, iar rezultatele sunt prezentate
in tabelele 2 si 3.
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Table 2/ Tabelul 2

Average values of qualitative working indexes performed by the combine CTF /
Valorile medii ale indicilor calitativi de lucru realizati de combina CTF

Index name / Denumirea indicelui M.U/UM. Ensiling com !
Porumb siloz
Production of green matter / Productia de maséa verde t/ha 27.30/27,30
Real working width / Latimea efectiva de lucru m 2 rows X 0.7m/
’ 2 randuri x 0,7m
Cutting height (stubble) / Ingltimea de taiere (miristea) mm 100...120
Working speed / Viteza de lucru km/h 4.3;6.3/4,3; 6,3
Throwmg distance of materlal_/ ) m 5.80 /5,80
Distanta de aruncare a materialului
Material losses / Pierderile de material: %
- plants uncut remained in the field / plante netaiate rdmase pe camp; 0/0 sub 1
-chopped matter fallen on the field / masa tocata cazuta pe camp; 0

Table 3/ Tabelul 3 [6]

Average values of energetic indexes of tractor-trailed fodder combine with working parts /
Valorile medii a indicilor energetici tractor - combina tractata pentru furaje cu echipamente de lucru

Test/ Proba
Index name / Denumirea indicelui MU./ NO-IzaC?i:;:'g f(:'rl!-;lg;g / and drﬂiving /- 5
U.M. la stationar Actionare in sarcinad
CTF+EPS CTF+EPS
Rotative speed of tractor’s engine / .
Turatia motorului tractorului, M, rot/min 1853 1813
Rotative speed of PTO / I mi
Turatia prizei de putere, ny, rot/ min 556 544
Moment at PTO / Momentul la priza de putere, Mp daNm 7,75 42,4
Traction force at coupling bar /
Forta de tractiune la bara de cuplare, Fy- - 210
. ’ < x < . daN
- without towed trailer / fird remorcd tractata - 750
- with towed trailer / cu remorca tractata
Pressing force of hitch on the tractor / g
Forta de apéasare a protapului pe tractor, Fap aN 255 262
. o kW 5,90 28,24
Real power at PTO / Puterea efectiva la priza, Pyef. HP / CP 802 38.40
Real power for towing the combine /
Puterea efectiva pentru tractarea combinei: Py kw - 4,47
- without towed trailer / fard remorcé tractata HP /CP - [13,4]
- with towed trailer /cu remorca tractata
Total real power for acting the combine during work / KW ) 3271
Puterea totala efectivd pentru actionarea combine in timpul ,
. : HP/CP - 44,5
lucrului Py
Working speed / Viteza de lucruy, V, km/h - 6,56
Real working capacity / Capacitatea efectiva de lucru, Wes th ) 2485
(without towed trailer ) / (fara remorca tractata) '
Specific  energy consumption for performing the
technological process / Consum specific de energie pentru kWs/t - 3,23
efectuarea procesului tehnologic

Analysing the data from tables above, the following
result:

1. PTO necessary power for no-load driving of the
combine with equipment of harvesting ensiling corn is of
5.90 kW, and in load for a flow rate of material supplying of
24.85 t/h, is of 28.24 kW;

2. Power necessary to traction bar for towing the
combine with equipment designed to ensiling corn on
horizontal field at 6.56 km/h is of 4.47 kW;

3. Real total power necessary for no-load acting
the working parts and towing the combine at 6.55
km/h is of 10.37 kW with equipment designed to
ensiling corn harvesting EP, and real working power
is of 32.71 kW.

In the tests was determined and the degree of chopping
(shredding) for the theoretical length of chopping of 10.8
mm and respectively 26.8 mm, and the results are

Analizand datele din tabelele de mai sus rezulta
urmatoarele:

1. puterea necesara la priza de putere a tractorului pentru
actionarea in gol a organelor de lucru ale combinei cu echipament
de recoltat porumb siloz este de 5,90 kW, iar in sarcina pentru un
debit de alimentare cu material de 24,85 t/h, este de 28,24 KW,

2. puterea necesara la bara de ftractiune pentru
tractarea combinei cu echipament de porumb siloz pe
teren orizontal la viteza de 6,56 km/h este de 4,47 kW;

3. puterea efectiva totala necesara pentru actionarea in
gol a organelor de lucru si pentru tractarea combinei la
viteza de 6,55 km/h este de 10,37 kW cu echipament
pentru recoltat porumb siloz EP, iar puterea efectiva totala
n timpul lucrului este de 32,71 kW.

Tn cadrul incercarilor s-a determinat si gradul de tocare
(maruntire) pentru lungimea teoretica de tocare de 10,8
mm si respectiv 26,8 mm, iar rezultatele sunt prezentate in
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presented in the Table 4, of which results:

- for the theoretical chopping length of 10.8 mm, the
fragments with lengths up to 20 mm (recommended for
ensilage) represents 81.8% which characterizes a quality
working and a good precision of chopping plants;

- the fragments longer than 100 mm represents a
smaller percentage (1.30 ... 2.10%).

INMATEH — icultural

tabelul 4, din care rezulta:

- pentru lungimea teoretica de tocare de 10,8 mm,
fragmentele cu lungimea de pana la 20 mm (recomandata
pentru insilozare) reprezinta 81,8% ceea ce caracterizeaza
un lucru de calitate si o precizie buna de tocare a plantelor;

- fragmentele cu lungimea mai mare de 100 mm
reprezinta un procent mic (1,30...2,10 %).

Table 4 / Tabelul 4

The chopping degree of silage corn plants realised by the combine CTF /
Gradul de tocare al plantelor de porumb siloz realizat de combina CTF

Theoretical chopping length /
The range of length / Lungimea teoreticd de tocare
Intervalul delungime
(mm) 10.8/10,8 mm 26.8/26,8 mm
% %
0-10 55.70 /55,70 24.4/24,4
10.1-20/ 10,1-20 26.10/ 26,10 7.8/7,8
20.1-30/ 20,1-30 7.20/7,20 27.2127,2
30.1-40 / 30,1-40 3.40/3,40 19.5/19,5
40.1-50 / 40,1-50 2.50/2,50 74174
50.1-60 / 50,1-60 1.40/1,40 55/55
60.1-70 / 60,1-70 1.20/1,20 22/22
70.1-80/ 70,1-80 0.50/0,50 14/14
80.1-100/ 80,1-100 0.90/0,90 3.3/33
> 100 1.10/1,10 1.3/13
TOTAL 100 100
CONCLUSIONS CONCLUzII

After the researches performed and results obtained, the
following conclusions can be formulated:

1. chopping drum with kinves in cascade (fig.1.a) has
the lowest consume of power, achieving an air current of a
greater speed than drums with knives in ,V” with or without
blades;

2. the throwing distance on horizontal of material
chopped by the drum with knives in cascade (fig.1.a) is
about. 1.5 m bigger than the other drums analyzed;

3. tests performed in laboratory conditions when
harvesting ensiling corn with the combine equipped with
chopping drum with knives in cascade have shown that we
can obtain a working capacity of 24.85 t/h, by using a 65
HP tractor, a power stock remaining of approx.20 HP(for
overloads and towing the trailer under special conditions).
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Abstract: A specific knowledge of the “Balo” pepper
physical properties such as linear dimensions, shapes,
porosity, volume, density, coefficient of static friction etc.
and the differences between the physical properties of
fruit is necessary to design of pepper processing
equipment.

In this research, several physical properties of “Balo”
pepper cultivars grown in the Antalya region were
determined in three harvest times. In three harvest
period (October, February and June), the linear
dimensions were found 80.85, 76.73 and 75.73 mm in
length, 63.98, 62.77, 67.60 mm in width, and 60.61,
59.94, 62.96 mm in thickness, respectively. The
geometric mean diameters were found 65.53, 65.70,
68.27 mm and sphericity values were found 0.84, 0.86
and 0.91 in three harvest time, respectively. The mass of
fruit increased from 70.67 to 81.89 g in harvest period.
The surface and projected area, volume were
determined 143.58, 136.22 and 138.60 cm? 27.42,
24.16, 16.68 cm’ in x axis, 19.32, 18.09, 21.68 cm” in y
axis and 134.04, 129.72, 140.53 cm®, respectively. The
fruit density, bulk density and porosity varied from 0.62
to 0.51 g/cm®, 0.30 to 0.27 g/cm®, and 49.90 to 37.52
respectively for the different harvest periods.

Keywords: physical properties, bell pepper, sorting,
harvest time, design

INTRODUCTION

Information regarding the physical properties of “Balo” bell
pepper is very important in the design of equipment’s for
harvesting, transporting, cleaning, separating, packing,
storing and processing it into different foods. Since currently
used systems have been designed without taking these
criteria into consideration, the resulting designs lead to
inadequate applications. These cases result in a reduction
in work efficiency and an increase in product losses.

Therefore, determination and consideration of these
properties play an important role in designing these
equipment [1].

The function of many types of machines is
influenced decisively by the size and shape of the fruit
participating. Size, shape, projected area and porosity
of the fruit is the most important for packing, packed
dimension etc.

The volume and density of the fruits play an
important role in numerous technological processes and
in the evaluation of product quality.

Many studies have been reported on the physical
properties of fruits, grains and seeds, such as Juniperus
drupacea fruits [2], bambara groundnuts [3], hackberry
[4], apricot pit [5] and white lupin [6].

The objectives of this study were:

» To determine the physical properties of “Balo” bell
pepper grown in greenhouses in Turkey.

« To investigate the effects of harvest period on physical
properties of the fruit, such as fruit dimensions, volume,
surface area, projected area, mass, fruit density.

39

Ozet: Meyvenin fiziksel 6zellikleri arasindaki farkliliklar,
statik sdrtiinme katsayisi, dogrusal boyutlar, sekil,
bosluk orani, hacim ve yogunluk gibi” Balo” dolmalik
biberin fiziksel 6zelliklerinin belirlenmesi bu Urind
islemek i¢cin gerekli olan ekipmanlarin tasarimi igin
gereklidir.

Bu calismada Antalya bélgesinde yetisen “balo”
dolmalik biberin (g farkli hasat zamaninda birgok
fiziksel &zellikleri belilenmistir.U¢ hasat zamaninda
(Ekim, Subat, Haziran), dogrusal boyut olarak
sirasinyla uzunluk 80,85, 76,73 ve 75,73 mm, genislik
63,98, 62,77, 67,60 mm ve kalinlik 60,61, 59,94,
62,96 mm bulunmustur. Geometrik ortalama caplari
65,53, 65,70, 68,27 mm ve Kkuresellik degerleri
sirasiyla, U¢ hasat zamaninda 0,84, 0,86 ve 0,91
bulunmustur Meyve kitlesi hasat ddneminde
70,67°den 81,89 g'a yiikselmistir. Yizey ve izdisim
alani ve hacim sirasiyla 143,58, 136,22 ve 138,60
cm?®, 27,42, 24,16, 16,68 cm® x ekseninde, 19,32,
18,09, 21,68 cm” "’ ekseninde ve 134,04, 129,72 ve
140,53 cm® belirlendi. Meyve &zgil agirligi, yigin
hacim agdirligi ve gozeneklilik farkli hasat zamanlari
iginde sirasiyla 0,62 ile 0,51 g/cm® 0,30 ile 0,27 g/cm®
ve 49,90 ile 37,52 arasinda degismektedir.

Anahtar Kelimeler: fiziksel &ézellikler, dolmalik biber,
sinflandirma, hasat zamani, tasarim

GiRiS

"Balo" biberin fiziksel 6zellikleri ile ilgili veriler, hasat,
tasima, temizleme, ayirma, paketleme, depolama ve
farkh Urinler icinde isleme igin ekipmanlarin tasarimi ¢ok
6nemlidir. Su anda kullanilan sistemler bu &zellikler g6z
oniine alinmadan dizayn edildigi icin ortaya ¢ikan birgok
gereksik uygulamalar vardir. Bu durumlarda calisma
verimlilikte azalmaya ve Uriin kaybinda bir artigsa yol
acar.

Bu nedenle, bu 6zelliklerin belirlenmesi ve g6z 6niine
alinmasi bu ekipmanlarin tasariminda 6nemli bir rol
oynamaktadir [1].

Makinelerin ¢ok c¢esitli fonksiyonlarin  ¢alismasi
meyvenin  seklinden ve boyutlarindan  etkilenir.
Meyvenin boyutlari, sekli, izdlisim alani ve bogsluk orani
paketseme ve pakat boyutlarinin belirlenmesi icin
oldukg¢a 6nemlidir.

Meyvenin hacmi ve 6zgul agirhdi sayisiz teknolojik
sureglerin ve uUriin kalitesinin degerlendiriimesinde ¢ok
6nemli rol oynamaktadir.

Meyve, tahil ve tohumlarin fiziksel &zelliklerinin
belirlenmesi Uzerinde birgok calisma yapilmistir, 6rnegin
Frenk inciri meyvesi [2] Bambara yerfistigi [3], citlembik
[4], kayisi [5] ve beyaz bakla [6] lizerinde calismalar yapiimistir.

Bu ¢alismanin amaci:

» Turkiye'de seralardaki yetistirilen
biberin fiziksel 6zelliklerini belirlemek.
» Hasat déneminin fiziksel meyve boyutlari gibi meyve
Ozellikleri, hacmi, ylzey alani, projeksiyon alani, kiitle,
meyve yogunlugu Uzerine etkilerini arastirmak.

"Balo" dolmalik
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MATERIAL and METHOD

In this study, the “Balo” bell pepper used were harvested
from the village of Kayaburnu’'s greenhouse near Antalya,
Turkey in three harvest period (October, February and
June). The fruits were transported, individually, in cooled
bags, and cleaned in an air stream cleaner to remove all
foreign matter such as dust, dirt and chaff as well as
immature and damaged fruits.

Finally, the fruits were stored in a refrigerator until the
physical properties were determined. Moisture contents of
the fruits were determined by using a standard method [7].
The physical properties were determined by the following
methods: Linear dimensions, i.e. length (L), width (W)
and thickness (T), were measured by using a digital
caliper with a sensitivity of 0.01 mm.

Geometric mean diameter (Dg), sphericity (®) and

INMATEH — icultural

MATERYAL ve YONTEM

Bu calismada ug¢ farkli hasat déneminde (Ekim,
Subat, Haziran) Kayaburnu, Antalya, Turkiyede
bulunan seradan ”Balo” dolmalik biberleri hasat
edilmistir. Soguk ortamda denemenin yapilacagi yere
tasinmis, igerisinden fazla olgunlasan ve ¢urlyen
materyal ayiklanmig ve hava kullanilarak yabanci
materyallerden, toz ve kirden temizlenmislerdir.

Denemeler yapilana kadar buzdolabinda muhafaza
edilmigtir. Nem icerigi standart method kullanilarak
belirlenmistir [7]

Fiziksel 0ozellikler asagidaki yo6ntemlerle tespit
edilmistir: Dogrusal boyutlari, yani uzunlugu (L), genislik
(W) ve kalinhgi (T), 0,01 mm'lik bir hassasiyete sahip bir
dijital kumpas kullanilarak élguld.

Geometrik ortalama c¢ap (Dg), kiresellik (®) ve yiizey

surface areas (S) were calculated by using the following alani (S) asagidaki denklemler kullanilarak
equations: hesaplanmistir:
Dy = (LD?)™? 1)
Dg
d=—-x100 )
L
S = 1Dy’ (3)

where L is the length, D is diameter of the fruit in mm. These
equations may be found in the works [3], [4], [8], [9]-

Fruit mass (M) was measured by using a digital balance
with a sensitivity of 0.001 g. The fruit mass determined on
100 randomly selected fruits and averaged. Fruit volume (V)
and fruit density (pr) were measured by the liquid displacement
method. Toluene (C;Hg) was used, because it was not
absorbed by the fruits [8], [9].

Bulk density (pp) was determined with a weight per hectolitre
tester, which has calibrated in kilogram per hectolitre. Porosity (&)
was calculated by using the following equation [8], [9], [10].

&

Pr

where py is the bulk density and p; is the fruit density.
Projected area (P) was determined from the pictures of
bell pepper which were taken by a digital camera (Kodak
DC 5000), in comparison with the reference area to the
sample area using the Sigma Scan Pro 5 programme [11].

All the physical properties were investigated by three
replications with 100 determinations. Mean values were
represented by the standard error.

Variance analysis was made for all the results for three
harvest time The differences between the means were
evaluated by using the Duncan’s test at 1% or 5%
significance levels.

RESULTS

Physical properties of “Balo” bell pepper at different
harvest period and their relationships are given in Tables
1, 2, 3 and 4. The physical properties were found to be
statistically significant at different probability levels, with
the exception of Thickness, volume and porosity.

The length, width, surface area, mass, sphericity,
geometric mean diameter, projected area in x and y axis,
fruit and bulk density were found to be different on the
harvest time.

40

Burada, mm olarak L uzunluk, D c¢aptir. Bu esitlikler
cesitli calismalarda kullaniimistir. [3], [4], [8], [9].

Meyva agirligi 0.002 g hassasiyete sahip elektronik
tarti ile rastagele secgilem 100 meyvede olgulmustar.
Meyve hacmi ve meyve 6zgul agirligi tasirma metodu
ile Olcllmistir. Meyve tarafindan absoebe edilmesi

daha zor oldugu icin sivi olarak toluen (C7Hg)
kullaniimistir [8], [9].

Yigin hacim agirhgi hektolitre kullanilarak
belirlenmistir. Bosluk orani asagida verilen esitlik
kullanilarak belirlenmistir [8], [9], [10].

(pt pb) X100 (4)

Burada pp, y1gin hacim agirligi, and p; ise meyve 6zgl
agirhgidir izdiisiim alani dolmalik biberlerin resimleri dijital
kamera (Kodak DC 5000) ile gekilmis 6rnek ylizeyine
cizilen bir referans alanla Sigma Scan Pro 5 programi
kullanilarak belirlenmistir [11].

Tum fiziksel 6zellik degerleri U¢ tekerrurll olarak 100
meyvede yapimistir. Ortalam degerler standart hata ile
gOsterilmistir.

Varyans analizi her sonus igin U¢ farkh hasat
zamanina uygulanmistir.  Ortalamalar  arasindaki
farkhliklar Duncan testi % 1lve % 5 onemlilik
duzeylerinde saptanmistir.

ile

SONUCLAR

"Balo” dolmalik biberin farkli hasat zamanlarinda
fiziksel 6zellikleri ve birbiri ile olan iligkileri Tablo 1, 2,
3 ve 4’de verilmigtir.Kalinlik, hacim ve bosluk orani
disindaki fiziksel Ozellikler ististiksel olarak farkl
bulunmustur.

Uzunluk, genislik, ylzey alani kitle kursellik, geometrik
ortalam gap, X ve Y eksenindeki izdlisum alanlari, meyve 6zgul
ve yigin hacim agirhigr hasat zamanina bagh olarak
istatistiksel olarak farkli bulunmustur.
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Table 1/ Tablo 1

Physical properties of “Balo” bell pepper on October / Ekim de “Balo” dolmalik biberin fiziksel 6zellikleri

October / EKim

Minimum / En az

Maximum / En ¢ok

Mean / Ortalama

Length / Uzunluk (mm) 68.34 / 68,34 97.57197,57 8800-?855’111-’2233’
Width / Geniglik (mm) 55.14 /55,14 78.41178,41 6633;?985106?811/
Thickness / Kalinlik (mm) 52.23 /52,23 74.64/ 74,64 6606?611’536’7733’
Gromee e g
Sphericity / Kiresellik 0.74/0,74 0.93/0,93 Odésitifdf)olll
Surface area / Yiizey alani (cm?) 114.09 /114,09 177.58 / 177,58 11443?;’558&;—;22-’3333’
Mass / Kutle (g) 57.91/57,91 108.80 / 108,80 8811-?89;111-’7722’
Volume / Hacim (cm’) 92.86 /92,86 188.08 /188,08 113&?(;1533;,0088/
Fruit density / Ozgil agiriik (g/cm®) 0.41/0,41 0.86/0,86 06,63622ifd?022/
Bulk density / Hacim agiriik (g/cm®) 0.20/0,20 0.37/0,37 0(3?300?0.?011/
Porosity / Bosluk oran 31.455 / 331,455 69.273 /69,273 4‘%?905122-’6666’
Projected area / Iz diistim alani

x axis / x diizlemi (cm?) 22.77122,77 32.45/32,45 2277'i122ii0()'f1'411/

y axis / y dizlemi cm?) | 14.92/14,92 27.41127,41 11%'332;106?0’

Table 2/ Tablo 2

Physical properties of “Balo” bell pepper on February / Subat ta “Balo” dolmalik biberin fiziksel 6zellikleri

February / Subat

Minimum / En az

Maximum / En ¢ok

Mean / Ortalama

Length / Uzunluk (mm) 58.06 / 58,06 96.80 / 96,80 7766,77331111',0514/
Width / Genislik (mm) 65.28 / 65,28 72.38172,38 6622-,7777?(5,6655/
Thickness / Kalinik (mm) 63.29 /63,29 68.71/68,71 5595?;1150-?688’
Seaee e e
Sphericity / Kuresellik 0.69/0,69 1.01/1,01 ooon
Surface area / Yiizey alani (cm?) 99.94 /99,94 170.25 /170,25 15366,222;22'?9/
Mass / Kitle (9) 53.98 /53,98 127.53 /127,53 8806,55881111'?966/
Volume / Hacim (cm’) 75.11/75,11 180.75 /180,75 1122%,7722’—;33;?866’
Fruit density / Ozgiil agiriik (glcm®) 0.46 /0,46 0.852 /0,852 06,6&106?011/
Bulk density / Hacim agirlik (g/cm?) 0.20/0,20 0.36/0,36 06,22771106?011/
Porosity / Bogluk oran 34.53 /34,53 76.08 /76,08 5577-’5577111-'3377’
Projected area / Iz diisiim alani

x axis / x duizlemi (cm?) 17.71/17,71 30.80 /30,80 2;4,1165106?411/

y axis / y diizlemi (cm?) 12.96 /12,96 24.93/24,93 155?59156?311’
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Table 3/ Tablo 3

Physical properties of “Balo” bell pepper on June / Haziran da “Balo” dolmalik biberin fiziksel 6zellikleri

June / Haziran
Minimum / En az Maximum / En gok | Mean / Ortalama

Length / Uzunluk (mm) 59.64 / 59,64 87.57 187,57 7755',7733?6,1111/
Width / Genislik (mm) 56.83 / 56,83 77.88/77,88 6677-f5600ii11-f5688’
Thickness / Kaliniik (mm) 36.60 / 36,60 71.44 171,44 6622'?966106?088/
Sromee e s
Sphericity / Kiiresellik 0.71/0,71 1.07/1,07 06?91536,0011/
Surface area / Yizey alani (cm?) 92.16 /92,16 173.77 /173,77 11338éf5600ifé?377’
Mass / Kutle (g) 41.10/41,10 102.99 /102,99 7706,63677i11i,3355/
Volume / Hacim (cm’) 60.03 /60,03 201.88 /201,88 114406,55331133;?5/
Fruit density / Ozgiil agiriik (glcm®) 0.35/0,35 0.97/0,97 06:5511’1106?011/
Bulk density / Hacim agirlik (g/cm®) 0.20/0,20 0.39/0,39 06?322100.?011/
Porosity / Bosluk orani 19.63/19,63 63.72/63,72 oo
Projected area / iz diisiim alani

x axis / x dizlemi (cm?) | 11.97 /11,97 21.22/21,22 1fé§688ifd,3322/

y axis / y diizlemi (cm?) 17.06 /17,06 27.35/27,35 2211'?6881100.,2277/

Table 1, 2 and 3 show that physical properties of
“Balo” bell pepper were found different each others in
three harvest time period. While mean fruit length, width
and thickness are 80.85, 63.98, 59.94 mm on October
harvest time, 76.73, 62.77, 59.94 mm on February harvest
time, 75.73, 67.60, 62.96 mm, respectively on June

Tablo 1, 2 ve 3 de goruldiglu gibi fiziksel ozellikler
farkh  hazat zamanlarinda birbirlerinden  farklilar
gostermistir. Ornegin sirasi ile meyve uzunlugu, genisligi
ve kalinhgr ekim hasat zamaninda 80.85, 63.98, 59.94
mm iken, 76.73, 62.77, 59.94 mm Subat hasat
zamaninda, 75.73, 67.60, 62.96 mm Haziran hasat

harvest time was found.

zamaninda bulunmustur.

Table 4/ Tablo

Duncan’s test result in three harvest time / 4 Ug farkli hasat dénemi icin Duncan test sonuglar

October / EKim.

February / Subat

June / Haziran

Sign. Level /
Onem seviyesi

a
Length / Uzunluk (mm) 80.85¢1.23 /

76.73+1.04°/

75.73+0.11°/

*%

80,85+1,23° 76,73+1,04° 75,730,11°
. . 63.98+0.81°/ 62.77+0.65" / 67.60+1.68°/ ~x
Width / Geniglik (mm) 63,98+0,81" 62,77+0,65" 67,60+1,68°
. 60.61+0.73 / 59.94+0.68 / 62.96+0.08 /
Thickness / Kalinlk (mm) 60,610,73 59,04:0,68 62,960,08 ns
Geometric mean diameter / 65.53+0.59" / 65.70+0.60" / 68.27+0.75° / "
Ortalama geometrik cap (mm) 65,53+0,59" 65,70+0,60" 68,27+0,75°
Sohericity / Kiiresellik 0.8420.01°/ 0.860.01°/ 0.91+0.01%/ "
P Y 0,84+0,01° 0,86+0,01° 0,91+0,01°

143.58+2.33%/

Surface area / Yiizey alani (cm?) 143 5347 33°

136.22+2.49°
136,22+2,49"

138.60+2.37°/
138,60+2,37°

a
Mass / Kiitle (g) 81.89+1.72° /

80.58+1.96% /

70.67+1.35° /

81,89+1,72° 80,58+1,96° 70,67+1,35°
. 3 134.04+3.08 / 129.72+3.86 / 140.53+3.45 /
Volume / Hacim (cm’) 134,04+3,08 129,72+3,86 140,53+3,45 ns
Fruit density / 0.62+0.02%/ 0.64+0.01%/ 0.51+0.01°/
Ozgiil agiriik (glcm?®) 0,62+0,02° 0,64+0,01° 0,51+0,01°
Bulk density / 0.30+0.01°/ 0.27+0.01°/ 0.32+0.01%/ "
Hacim agirlik (g/cm?®) 0,30£0,01° 0,27+0,01° 0,32+0,01%
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Porosity / Bos/uk orant 49.90+2.66 / 57.57+1.37/ 37.52+0.85 / s
y 150§ 49,90+2,66 57,57+1,37 37,52+0,85

Projected area / iz diistim alani

a
x axis / x diizlemi (cm?) 21.4220.41" ]

24.16+0.41° / 16.68+0.32°/

27,42+0,41° 24,16+0,41° 16,68+0,32°
axis / y ditzlemi (cm?) 19.32+0.40°/ 18.09+0.31°/ 21.68+0.27°/ o~
y y 19,32+0,40° 18,09+0,31" 21,68+0,27°

Table 4 shows that the length, width, Geometric mean
diameter, sphericity, surface area, mass, fruit and bulk
density, and projected area in x and y axis were found to
be statistically significant at 1% and 5% probability levels.
The thickness, volume and porosity are found to be
statistically not-significant.

The physical properties of the “Balo” bell pepper were
described in order to better design a specific machine for
harvesting and post-harvesting operation. In this study,
many properties were determined to be significantly
different. Therefore, the differences between the physical
properties of fruit must be considered in optimizing “Balo”
bell pepper product and post-product mechanization and
food processing.

CONCLUSIONS

Several physical properties of “Balo” bell pepper were
determined in order to faciltate design of the specific
equipment for harvesting, transporting, cleaning, packing,
storing etc. processes. The effects of different harvest time on
the physical properties of the fruits, such as fruit dimensions,
volume, surface area, projected area, mass, fruit density and
bulk density were determined. The general calculations, which
were presented in the Tables 1, 2, 3 and 4, can be used to
determine the relationship between the physical properties. For
“Balo” bell pepper, many properties were found to be
statistically significant at different probability levels.

Therefore, the differences between the physical properties
should be considered in bell pepper mechanization and food
processing.
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Tablo 4 de gosterildigi gibi uzunluk, geniglik, geometrik
ortalama ¢ap, kiresellik, ylizey alani, kitle, 6zgil ve yigin
hacim agirlig1 ve X-Y dizleminde iz diisim alani ortalama
degerleri %1 ve %5 6nem seviyesinde istatistiksel olarak
hasat zamanina gore farklilik gostermistir. Kalinlik, hacim
ve bosluk orani arasinda hazat zamanina gére istatistiksel
olarak bir farkhlik bulunmamigtir.

"Balo" dolmalik biberin fiziksel 6zellikleri daha iyi hasat
ve hasat sonrasi operasyon igin daha iyi makinalar
tasarlanmak igin saptanmistir. Bu ¢alismada, birgok
Ozellik istatistiksel olarak farkhlik gbstermistir. Bu nedenle,
meyvenin fiziksel Ozellikleri arasindaki farkliliklar, "Balo"
dolmalik biberin hasat ve hasat sonrasi mekanizasyon ve
gida isleme makinalarinin optimizasyonunda kullanilabilir.

SONUCLAR

"Balo" dolmalik biberin c¢esitli fiziksel 6ozellikleri
benzeri sirecler olan depolama, paketleme temizlik,
tasima, hasat icin 6zel ekipman tasarimi kolaylastirmak
icin belirlenmistir. Meyve boyutlari, hacmi, ylzey alani,
projeksiyon alani, kitle, meyve yogunlugu ve Kkitle
yogunlugu gibi meyvelerin fiziksel 6zelliklerine, farkl
hasat zamaninin etkileri belirlenmistir. Genel sonuglar
Tablo 1, 2, 3 ve 4 'de sunulmustur "Balo" dolmalik
biberin, bircok 6zellikleri farkli hasat zamanlarina gore
farkh olasilik diizeyinde istatistiksel olarak anlamh
bulunmustur.

Bu nedenle, fiziksel 6zellikleri arasindaki farkliliklar
mekanizasyon ve gida isleme islemleri icin dikkate
alinabilir.
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Abstract: In our country, at present, about 90% of the
rural population uses the solid biomass as a source of
heat. In Romania, biomass represents an important
source of energy not only in rural but also in urban
areas. Under these circumstances it is important to know
the potential of biomass, both theoretical and real, not
only at national level, but also divided by region or even
in certain clearly defined areas. This paper brings in a
general method for evaluate the energy potential of
solid biomass at national level. The proposed method is
based on systemic analysis on the one hand, and on the
other hand, is based on utilization of statistics available
at national level, and it can be applied to determine the
energy potential of biomass coming from only a certain
vegetal or wooden category, or from a certain area
clearly defined. Also, in the present work is performed
the evaluation of the real energy potential stored in
agricultural residues resulting from harvesting of 10 ha
of wheat. This method of evaluation is useful in
determining the real energy potential of solid biomass
and allows farmers to choose correctly the category of
biomass grown to be energetically capitalized.

Keywords: biomass, evaluation method, energy potential

INTRODUCTION

In the context of a strong technological development,
due to increasing social demands, facing the world today,
the energy becomes indispensable for most human
activities.

In this context, the continuous growth of primary
energy consumption, returns in actuality a serious
problem, namely, depletion of fossil fuel reserve, taking
into account that now, at global level over 50% of primary
energy consumption comes from conventional energy
sources (fig.1). Thus, the biomass becomes again a vital
source of energy. Due to cyclicity of production and
conversion process, the biomass is considered a
renewable energy source and with positive impact on
environment. It is, also, considerd as an energy source
with a high availability worldwide, mainly due to its variety.

Assume of Directive 2009/28/CE of the European
Parliment on the promotion of the use of energy from
renewable sources, establishes for Romania as target
regarding the share of energy from renewable sources in
gross final consumption of energy, for 2020, a rate of
24%. [7].

In 2009, the production of primary energy from
renewable sources, for Romania, was of 18%(Fig.2).
Due to its climatic conditions and geographical position,
Romania has a techincal potential of biomass energy
of 0.318EJ/year or 88.3 TWh/year. Analyzing national
technical potential of renewable energy sources (Fig. 3),
we see that biomass energy potential is highest, thereby
constituting the main source of renewable energy
available to our country followed by hydro and wind
energy. National technical potential of biomass is
composed of five main categories: forestry residues
and firewood, wood waste, sawdust; agricultural waste
from grain, corn stalks; remanants of grape-vines, branches
of trees, etc.; biogas; municipal household waste.

Lack of information on types of solid biomass that can
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Rezumat: /n fara noastrd, in prezent, circa 90% din
populatia din mediul rural utilizeazd ca sursa de energie
termica biomasa solida. In Romania biomasa reprezinta o
sursa importanta de energie, nu numai in mediul rural ci si in
mediul urban. In aceste conditi, este importanta
cunoagterea potentialului de biomasé atét teoretic cét si cel
real, nu numai la nivel national ci si divizat pe regiuni sau
chiar pe anumite zone clar stabilite. In lucrarea de fata, se
propune o metoda generala de evaluare a potentialului de
energie din biomasa solidé la nivel national. Metoda propusé
are la baza analiza sistemica pe de o parte, iar pe de alta
parte utlizarea datelor statistice disponibile pe plan national,
si poate fi aplicatd si pentru determinarea potentialului de
energie din biomasa provenitd numai dintr-o anumita
categorie vegetalda sau lemnoasa sau dintr-o anumitd zona
clar delimitatd. Deasemenea , in lucrarea de fatd se
realizeazd evaluarea potentialului real de energie
inmagazinatéa in rezidurile agricole rezultate in urma recoltérii
a 10 ha. de gru. Aceastd metoda de evaluare este utila la
determinarea potentialului real de energie din biomasa solida
si le permite fermierilor s& aleaga corect categoria de
biomasa cultivata pentru a putea fi valorificatd energetic.

Cuvinte cheie: biomasd, metoda de evaluare, potential de energie

INTRODUCERE

in contextul unei puternice dezvoltari tehnologice,

impusa de cresterea cerintelor sociale, cu care se confrunta
omenirea 1n prezent, energia devine un element
indispensabil pentru majoritatea activitatilor umane.
Tn acest context, cresterea continua a consumului de energie
primara, readuce in actualitate o problema acuta si anume,
aceea a epuizarii rezervelor de combustibili fosili, mai ales ca
in prezent la nivel mondial peste 50% din consumul de
energie primara provine din surse de energie conventionale
(fig. 1). Astfel, biomasa redevine o sursa vitala de energie.
Datorita ciclicitétii proceselor de producere si conversie, biomasa
este considerata o sursa de energie cu caracter regenerabil si
cu impact pozitiv asupra mediului inconjurator. De asemenea,
este considerata ca sursa de energie cu un grad ridicat de
disponibilitate la nivel mondial, in special datorita varietatii sale.

Adoptarea Directivei 2009/28/CE a Parlamentului
European privind promovarea utilizarii energiei din surse
regenerabile stabileste ca si obiectiv privind ponderea
energiei din surse regenerabile ih consumul final brut de
energie, pentru anul 2020, un procent de 24% pentru
Romania.[7].

La nivelul anului 2009, productia de energie primara din
surse regenerabile, pentru Romania, era de 18% (Fig.2).
Datoritd conditilor climatice si pozitiei geografice, Romania
dispune de un potential tehnic de energie din biomasa de 0,318
EJ/an sau 88,3 TWh/an. Analizand potentialul tehnic national al
surselor de energie regenerabile (Fig.3), observam ca biomasa
are potentialul energetic cel mai ridicat, constituindu-se astfel ca
principala sursa de energie regenerabila de care dispune
tara noastra, urmata de energia hidro si cea eoliana. Potentialul
tehnic national de biomasa este format din cinci categorii principale:
reziduuri din exploatari forestiere si lemn de foc, deseuri de
lemn, rumegus; deseuri agricole rezultate din cereale, tulpini
de porumb; resturi de vita-de-vie, crengi de pomi fructiferi
etc.; biogas; deseuri si reziduuri menajere urbane.

Lipsa informatiilor privind categoriile de biomasa solida care
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be used as an energy source, as well as those on their
energy potential, delay the implementation of new
technologies for generating energy from biomass.

In this context the method proposed in this paper is
intended as an instrument useful for assessing the real
energy potential of solid biomass, allowing evaluation of
the energy stored in a given category of biomass or of
those from a certain area.

MATERIALS AND METHOD

Solid biomass can be divided in two main categories:
vegetal biomass resulted as waste product from agricultural
crops and woody biomass resulted from forest exploatation
and clearing of forests and from wood processing industry.

Systemic analysis underlying the method of biomass
energy potential evaluation consists of an evaluation and
analysis of all factors involved in production, transport and
processing of biomass, followed by its conversion to energy.

Renewables ! regenerahile
10,89%

Nuclear/Nucleara
6,19%

Hydro / Hidro
2,30%

Solid fuelsicombustibili solizi/
22.28%
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pot fi utilizate ca sursa de energie, precum si a celor referitoare
la potentialul energetic al acestora, incetinesc implementarea
noilor tehnologii de generare a energiei din biomasa.

Tn acest context metoda propusa in lucrarea de fata, se
doreste un instrument util pentru evaluarea potentialului real
de energie din biomasa solida, permitéand evaluarea energiei
inmagazinate intr-o anumita categorie de biomasa sau a
celei provenita dintr-o anumita zona.

MATERIALE S| METODA

Biomasa solida se poate imparti in doua mari categorii:
biomasa vegetala rezultata ca produs rezidual din culturile
agricole si biomasa lemnoasa rezultata din exploatarea si
curatarea padurilor i din industria de prelucrare a lemnului.

Analiza sistemica care sta la baza metodei de evaluare a
potentialului energetic al biomasei constd in evaluarea si
analiza tuturor factorilor implicati in producerea, transportul i
procesarea biomasei urmata de conversia sa in energie.

PetroleumiPetral
35,26%

1GasesiGaze naturale
23,08%

Fig. 1 - Structure of primary energy consumtion, by fuel source, worldwide in 2009 /
Structura consumului de energie primara pe surse de combustibili la nivel mondial in anul 2009 [5]
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Fig.2. Structure of primary energy production, by fuel source, in Romania, 2009 /
Structura productiei de energie primara pe surse de combustibili in Romania in anul 2009 [8]
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Potentialul surselor de energie regenerabile in Romé&nia, in anul 2007 [6]

Given the above, the energy potential from solid biomass,
at national level, can be expressed by relation 1, where:
W - the total energy from solid biomass, available
nationwide,[kJ];
W, - total energy from woody biomass,
nationwide,[kJ];
Wy - the total energy from vegetal biomass, available
nationwide, [kJ];

available

46

Avéand in vedere cele mentionate anterior, potentialul de energie
din biomasa solida, la nivel national, poate fi exprimat de relatia 1, unde:
W - Cantitatea totala de energie din biomasa solida,
disponibila la nivel national [kJ];

W — Cantitatea totala de energie din biomasa lemnoasa,
disponibila la nivel national [kJ];
Wy — Cantitatea totala de energie din biomasa vegetala,
disponibila la nivel national, [kJ];
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Each of the two components of the relation (1) is
expressed in turn in terms of lower order according to
relations (2) and (3), where:

W\, - the total amount of energy stored in the total amount
of woody biomass, available nationwide, as energy
source[kJ];

W, - the total amount of energy consumed for
processing woody biomass available nationwide,as
energy source[kJ];

Wy; - the total amount of energy from vegetal biomass, in
category i, available nationwide, [kJ];

i=1, ..n - types of vegetal biomass, eg 1-vegetal biomass
resulting from the wheat crop; 2 -vegetal biomass resulting
from maize, etc.

Wy, - the total amount of energy stored in total amount of
vegetal biomass, of category i, available nationwide, as
energy source,[kJ];

Wyic - the total amount of energy consumed to obtain
vegetal biomass, of category i, available nationwide, as
energy source,[kJ];

The total amount of energy stored in the total amount
of vegetal biomass, in category i, available nationwide, as
energy source, can be calculated with relation 4, where:

Hvi - average calorific value of vegetal biomass, in
category i, available nationwide;

My - the total amount of vegetal biomass, in category i,
available nationwide [kg];

INMATEH — icultural

Fiecare dintre cele doua componente ale relatiei (1) se
exprima la randul ei in termeni de ordin inferior conform
relatiilor (2) si (3), unde:

Wy, — Cantitatea totald de energie inmagazinata in total
cantitate biomasa lemnoasa, disponibila la nivel national,
ca sursa de energie, [kJ];

W, — Cantitatea totala de energie consumata pentru
procesarea biomasei lemnoase, disponibile la nivel
national, ca sursé de energie, [kJ];

Wy — Cantitatea totala de energie din biomasa vegetala,
din categoria i, disponibila la nivel national, [kJ];

i = 1,..n — categoriile de biomasa vegetala , de ex.1—
biomasa vegetala rezultata din cultura de grau; 2-biomasa
vegetala rezultata din cultura de porumb; etc

Wyiy, — Cantitatea totala de energie inmagazinata in total
cantitate biomasa vegetala din categoria i, disponibila la
nivel national, ca sursa de energie, [kJ];

Wvic — Cantitatea totald de energie consumata pentru
obtinerea biomasei vegetale din categoria i, disponibile la
nivel national, ca sursa de energie, [kJ];

Cantitatea totala de energie inmagazinata in total cantitate
biomasa vegetala din categoria i, disponibila la nivel national,
ca sursa de energie, se poate calcula cu relatia 4, unde:

Hvi — Valoarea medie a puterii calorice a biomasei
vegetale din categoria i, disponibile la nivel national,

Mvi — Cantitatea totala de biomasa vegetala din categoria i,
disponibila la nivel national, [kg];

W = WL + WV (1)
W, =Wy, =W (2
Wy = SWy; = S( Wiy — Wic ) ()
Wiy = Hyi X My; 4)
l(Sv)
0 System / Sistemul ©
W T —— ‘BIOMASSY -
Fig.4. Block diagram of the independent system “BIOMASSV” /

Schema bloc de reprezentare sistemului independent “‘BIOMASSV”

Epr0d= f(IyO:Sf) (5)

Activities performed in the process of energetic use of
vegetal biomass are grouped into two main stages: the
stage of vegetal biomass production and conversion stage.
The first stage, includes all operations performed in order
to obtain vegetal biomass, from category i (for eg. works
related to biomass cultivation, primary processing,
transportation, etc.)

In the context of development of assessment method,
trough systemic analysis, to the production stage of
vegetal biomass, of category i, is associated an
independent system, generically called “BIOMASSV”
(fig.4)[2]. The input (I) of the system represents the total
energy consumption (W) associated to activities / processes
in vegetal biomass cultivation process, of category i.

The output of the system (O) is represented by the
energy stored in the vegetal biomass (Wo), obtained in the
production stage. On the considered system act also other
specific features (Sf), whose action can not be eliminated,
such as soil characteristics, weather conditions, etc.

Equation (5) represents the behavioral equation of the
"BIOMASSV" system, where Eproq is total amount of energy
available from the production process of vegetal biomass,
and it is determined as a function of inputs I, outputs O,
and specific features S;, and the interdependencies
between them.

The quantitative expression of the inputs(l), outputs (O),

a7

Activitatile realizate in cadrul procesului de utilizare
energetica a biomasei vegetale se grupeaza in doua etape
principale: etapa de producere a biomasei vegetale si
etapa de conversie. Prima etapa- cuprinde totalitatea
operatiilor realizate in scopul obtinerii biomasei vegetale
din categoria i (de ex.lucrarile legate de cultivarea
biomasei, procesare primara, transport, etc).

In contextul dezvoltari metodei de evaluare prin
analiza sistemica, etapei de producere a biomasei vegetale
din categoria i 1i este asociat un sistem independent, numit
generic “BIOMASSV” (fig.4) [2]. Marimile de intrare in sistem (1)
reprezinta totalitatea consumurilor energetice (W)) asociate
activitatilor/proceselor din procesul de producere a biomasei
vegetale din categoria .

Marimile de iesire din sistem (O) sunt reprezentate de energia
nmagazinata in biomasa vegetala, rezultata in etapa de producere
a acesteia (Wo). Asupra sistemului considerat actioneaza si
caracteristicile specifice (Sy) a caror actiune nu poate fi eliminata,
cum ar fi: caracteristicile solului, conditile meteorologice, etc.

Ecuatia (5) reprezintd ecuatia comportamentala a
sistemului “BIOMASSV”, unde Epq este cantitatea de
energie totala disponibila in urma procesului de producere
a biomasei vegetale, si se determind ca si functie de
marimile de intrare |, de iesire O, de caracteristicile
specifice St si de interdependentele dintre acegtia.

Exprimarea cantitativa a intrarilor (1), respectiv iesirilor din
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and the correlation between them, leads to the determination
of an explicit mathematical expression, based on which is
determined the total amount of energy available from the
production process of vegetal biomass and, respectively, the
energy consumption from process. To determine the
mentioned mathematical expression, it is necessary to divide
the "BIOMASSV" into subsystems associated with each
operation of the composition of analyzed process.

The amount of total energy input, W, can be
expressed as a sum of elemental (partial) energies,
associated to working stages required to develop
processes into the system of vegetal biomass production
- relation (6) [2], where:

I- represent the inputs;

N: - the total number of different types of energy inputs in
subdivision of order 1;

j- superscript, represent the category of the subdivision of
energy input. Otherwise, the relation (6) can be expressed
as relation (7% [2], where:

Why Wha Whs...Why — represent all the energies required
for all the activities associated to different tyPes of inputs
defined into subdivision of category 1. So, eg.W"1- represents
energy input associated to agl;ricultural machines used in
vegetal biomass production; W", — represents energy input
associated to fertilizers (chemical fertilizers- store the energy of
the production, transport , distribution) etc.

Development of inputs system is continued until each
elementary energy can be expressed quantitatively and
can not be divided into further subcategories.

The outputs (O),can be analyzed in the same way as
the inputs, so, the total output energy (WO), in our case,
can be calculated using the relation (8) [2], where:

Wopr —is the energy stored in the main products;
Wobpr —iS the energy stored in the by-products.

Evaluation of total output energy can be done in two
ways, namely: first method involves calculating the energy
value of primary products and by-products; and the second
method involves calculating energy value of secondary
products obtained (eg. ethanol, vegetable oils, etc), after
that it will be made the energy analysis.

In the same way it is possible to analyse the specific
features of the system S;. These factors are abstract because
they are not clearly defined quantitatively but they are distinct
elements in the energies system. Thus, the functional relation
(9) expresses St as a functional element of the system, where:
S¢- is associated with soil characteristics;

C.- is associated with climate characteristics;
T~ is associated with characteristics of the technology used;
Oc-represents other characteristics.

Following the same method of systemic analysis will be
determined the energy consumed in the woody biomass
production process.

RESULTS

Using the general mathematical method for
determining the real energy potential, developed above, in
this paper it is determined the real energy potential of
vegetal biomass from an area of 10 ha of wheat crop.

For this it is necessary to analyze the energy flow in the
vegetal mass production process mentioned, respectively,
determining the energy consumption involved in the
process.

W :ZWﬂi, i=1,23,...,n
i=1

V\/O = ;WOpr. + ;WObpr.

INMATEH — icultural

sistem (O), precum si a corelatiilor dintre acestea, conduce la
determinarea unei expresii matematice explicite, Tn baza
careia se determina cantitatea de energie totala disponibila in
urma procesului de producere a biomasei vegetale si
respective a consumului energetic  din proces. Pentru
determinarea expresiei matematice amintite, este necesara
divizarea sistemului ,BIOMASSV” in subsisteme, asociate
fiecarei operatii din componenta procesului analizat.

Cantitatea de energie totald introdusa in sistem (W)
poate fi exprimatd ca si suma a energiilor elementare
(partiale) asociate fazelor de lucru necesare desfasurarii
proceselor in cadrul sistemului de productie a biomasei
vegetale — relatia (6) [2], unde:
| — reprezinta intrarile;

N1 — Numarul total de tipuri de energie de intrare in
subdiviziunea de ordin 1;

j — Exponent aratd  ordinul subdiviziunii energiei de
intrare.Altfel , ecuatia (6) poate fi exprimata sub forma ecuatiei
(7) [2], unde:

Wlu, Wll,z, Wl|,3, Wt — reprezintd energia necesara pentru
toate activitatile asociate diferitelor tipuri de marimi de intrare
definite in subdiviziunea de ordin 1. Astfelm, de ex. W -
reprezint3 energia de intrare asociatd masinilor agricole; W',
— reprezintd energia de intrare asociataa fertilizarii (fertilizantii
chimici- Tnmagazineaza energia corespunzatoare producerii
lor, transportului, distributiei) etc.

Dezvoltarea sistemului marimilor de intrare este continuata
pana cand fiecare energie elementara poate fi exprimata
cantitativ si nu mai poate fi divizata in alte subcategorii.

Marimile de iesire din sistem (O), pot fi analizate in acelag mod
ca si marimile de intrare, astfel, energia totala iesita din sistem
(Wo), In cazul ales, se poate determina cu relatia (8) [2], unde:
Wopr- este energia totala inmagazinata in produsul principal;
Wonpr este energia totala inmagazinata in subprodusele rezultate.

Evaluarea energiei totale iesita din sistem se poate realiza
pe doua cai si anume: prima metoda presupune calcularea
valorii energiei produselor primare si a subproduselor, iar a
doua metoda presupune calcularea valorii energiei produselor
secundare obtinute (de exemplu:etanol, uleiuri vegetale,etc)
dupa care se va face analiza energetica.

In aceasi manierd pot fi analizati factorii caracteristici
specifici sistemului Sy. Acesti factori sunt abstracti deoarece ei
nu sunt clar definiti cantitativ dar reprezintd elemente
distincte in sistemul energiilor. Astfel relatia functionala (9)
exprima S; ca si element functional al sitemului, unde:
Sc-este asociat cu caracteristicile solului;

C.- este asociat cu caracteristicile climei;
Tc-este asociat cu caracteristicile tehnologiei aplicate;
Oc-reprezinta alte caracteristici.

Urmand aceasi metoda a analizei sistemice se
determina energia consumata in procesul de producere a
biomasei lemnoase.

REZULTATE

Utilizand metoda matematica generala de determinare a
potentialului energetic real, dezvoltatd mai sus, in lucrarea de
fata se determina potentialul energetic real al biomasei vegetale
obtinuta pe o suprafata cultivate de 10 ha, din cultura graului.

Pentru acesta este necesara analiza fluxului energetic
in procesul de producere a masei vegetale amintite,
respectiv determinarea consumurilor energetice implicate
de proces.

(6)

Wi =Wy + Wz + Wha + ok W )
(8)

Si=1(Sc, Ce, T, ..Oc) 9)

48
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Thus, for wheat crop, the total input energy of the
system W,, includes:

Wi — energy input associated to agricultural machinery;
Wi, — energy input associated to chemical fertilizers;
W73 — energy input associated to herbicides;

W4 — energy input associated to seeds germination;

w |5 - energy input associated to transportation and storage;
W6 — energy input associated to human labor.

To define and calculate the overall input energy we
have performed the energy flow for wheat crop production
(fig.5).

According to diagrame in fig.5 and relation (7), the
input energy for wheat crop is given by (10).

Each term of (10) is divided in other elemental terms in
subdivision of class 2 or 3, as follows:

Term W' 1 is subdivided in elemental terms of class 2
(11), where:

-W 31 energy associated to agricultural machinery production;

- Wi - energy associated to repairing of agricultural
machlnery,

-W313- energy associated to fuel consumtion.

The term W? 1 1 is subdivided in elemental terms of class 3
(12), Where

- Wit - energy associated to material used in
agricultural machinery;

-W3i10— energy associated to manufacturing process of
agricultural machinery;

- Amar - a coefficient of energy consumption associated to
material used in agricultural machinery, per mass unit [MJ/kg];

- Aman - @ coefficient of energy consumption associated to
manufacturing of agricultural machinery, per mass unit [MJ/kg];
- Mm — mass of the agricultural machinery [kg];

- Ts — lifetime of agricultural machinery;

- S — total cultivated area.

The term W2 12 is expressed by relation (13), where:

- Aepm - a coefficient of energy consumption associated to
agricultural machinery repairs, per mass unit [MJ/kg] per year.

INMATEH — icultural

Astfel, pentru producerea graului,
introdusa in sistem W, include:
Wh — energia asociata maginilor agricole utilizate;
W — energia asociata ingrasamintelor chimice;
W1|,3 — energia asociata pesticidelor;
W — energia asociata germinarii semintelor;
W5 — energia asociati transportului si depozitarii;
Whe — energia asociata manoperei
Pentru a defini si calcula energia globala intratd am realizat
fluxul de energie pentru productia culturii graului (fig.5)
Conform diagramei din fig.5 si relatiei (7) energia introdusa
n sistem pentru cultura de grau este data de relatia (10).
Fiecare termen al relatiei (10) este divizat in termeni
elementali de ordlnul 2sau3 dupa cum urmeaza:
Termenul W' ; este divizat in termeni elementali de
ordinul 2 (11), unde:
~W211- energia asociata producerii masinilor agricole;
-W1,- energia asociata repararii masinilor agricole;
-W3 s energla asociata consumului de carburanti.
Termenul W21, este divizat , la randul sau in termeni
elementall de ordin 3 (12), unde
-W3i11 — energia asociata materialului folosit la masinile
agrlcole
- W11 — energia asociata producerii
agricole;
- Amat - coeficientul consumului de energie asociat materialului
folosit la masinile agricole, pe unitatea de masa [MJ/kg];
- Amant - coeficientul consumului de energie asociat
producerii masinilor agricole, pe unitatea de masa [MJ/kg];
- Mm — masa masinii agricole [kg];
- Tt — durata de viata a masinii agricole;
-S-— suprafata totala cultivata.
Termenul W% 1, este exprimat de relatia (13) unde:
- Arepm - coeficientul de energie consumat asociat reparatiilor
masinii agricole, pe unitatea de masa, pe an [MJ/kg].

energia totala

masinilor

Wi=Why + Who + Wha + Why + Whs + Whe (20)

/,’JVVVQII 1<:

Wz
Wll.zé W2z
W2z
s

Warag
Wz

1 <W1.5_1
Wl
Warsa

Wlig

T'I'I\

W12

5] W

J

Fig. 5 - Energy flow diagram for wheat crop / Schema fluxului de energie pentru cultura graului
W= W21+ WA o+ WP (11)
W211= Woi11 + Wo112 = [(Amat + Aman)Mm]/Tr-S (12)
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The term W2 1 sis expressed by relation (14), where:
- i — the energy type associated to activity;
- Hs; - calorific value of fuels consumed in the activity i;
- Vi, - fuel volume used per 1 ha associated to activity i.
The energy associated to the chimical fertilizers used,
wt 12, can be divided in 3 elements of class 2 (15), where:
-W? 21 energy associated to chemical fertilizer production;
-W? 22— energy associated to chemical fertilizer packaging;
-WA23— energy associated to chemical fertilizer distribution.
- Chprodch, Cpacker, Cransct are the specific energies
consumed for production, packaging and transportation of
chemical fertilizer [MJ/kg],
- Mct — the amount of chemical fertilizer used per ha [kg].
The term W,z include three terms of class 2 (16), thus:
- W2 Jla1 - energy associated to herbicide production;
-W? REER energy associated to herbicide packaging;
- W? 33 - energy associated to herbicides distribution;
- Dprodb, Dpackb, Dransp are the specific energies consumed for
production, packaging and transportation of herbicides [MJ/kg];
- Mp — the amount of herbicides used per ha [kg].
Term W4 represents the energy stored in the seeds
used for sowing (17), where:
- Hs — calorific value of the seeds [MJ/kg];
- Ms — amount of seeds used per ha, [kg].
Term W5 involved two terms of class 2 (18), where:
-wW? J5.1— energy associated to transportation;
- W35, — energy associated to storage of main products
and by-products
Hcombtrans - calorific  value of
transport,[MJ/L];
- Veomb.trans — fuel volume used for transport,[L/h];
- Tuans — total time for transport, [h];
- Faep- coefficient of energy consumption by storage, per
day, [MJ/day];
- Taep — time of storage,[day].

fuels used for

W2I.1.2 = Arep.m'Mn)/Tr-S
2
W|.1.3 = Z Hf.i 'Vf.i
i-1
Wl|_2 = WZ'-Z-l + WZ'-Z-Z + W2|-2-3 = (Cprod,cf + Cpack,cf + Chrans,cf)-Mc
Whs = W2 31 + Woao + W33 = (Pprodp + Ppackb + Pirans,p):Mp
W44 = Hs-Ms

1 2 2
W5 = W51 + W52 = Heomb trans Veomb.trans *TTrans + Fdep'Tdep

Term W6 — the energy associated to human labor, can be
calculated based on the metabolic energy (19), where:
Gom — the coefficient of energy consumed by one
worker , per day, [MJ/day];
Hom — number of working days;
— number of workers
For our case we consider as main products the grain
and straw obtained from wheat crop. In this case the
output can be expressed by relation (20), where:
W — the energy stored in biomass;
Wlo 1 — energy stored in grains;
Wloo — energy stored in vegetal material(straw);
These energies can be calculated with relation (21), where:
Hseed, Hvm - are calorific values for grains, and straw,
per mass unit [MJ/kg];
Mseed, Mvm, - amount of grains and straw per ha
[kg/ha].
We conducted an analysis of energy balance for wheat
crop, the products obtained were grains and straw.
Characterlstrcs parameters used to calculate W,
f(VV 1.1, W |2, oy W IG) St = f(Sc, Ce, Tc,.. Oc) and Wo
f(W 01, W o,z) are presented in tab.1 and tab. 2
To determine the energy stored in vegetal biomass

Nom

Kk
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Termenul W2 1 s- exprimat de relatia (14), unde:
- i — tipul de energie asociata activitatii;
- Hs; - valoarea calorificd a combustibilului consumat in activitatea i
-Vii- volumul de combustibil utilizat pentru 1 ha, corespunzator activitatii i.
Energia asociata ingrasamintelor chimice utilizate,
W, se divide in trei elemente de ordinul 2 (15), unde:
- W2| 21— energia asociata producerii ingrasamintelor chimice;
~W2s- energia asociata Impachetarii ingrasamintelor chimice;
~Wao3— energia asociata Imprastierii ingrasamintelor chimice.
- Cprod,ct, Cpack.ct, Crrans,cf SUNt energiile specifice consumate
pentru producerea, ambalarea, respectiv  distribuirea
ingrasamintelor(MJ/kg),
- Mg — cantitatea |ngra§am|ntelor chimice distribuite la ha [kg].
Termenul Whs cuprinde trei termeni de ordin 2 (16), astfel:
-W2a1 - energia asociata producerii erbicidelor;
-W23s - energia asociata ambalarii erbicidelor;
W335 - energia asociata distribuirii erbicidelor;
- Dprodp, Dpackp, Dransp SUNt energiile specifice consumate pentru
producerea, ambalarea, respectiv distribuirea erbicidelor [MJ/kg];
- My — cantitatea de erbicide distribuita la ha [kg].
Termenul W', cuprinde energia din semintele
utilizate la insaméantare (17), unde:
- Hs — valoarea calorifica a semintelor [MJ/kg];
- Ms — cantltatea de seminte utilizats la ha, [kgl.
Termenul W5 include doi termeni de ordin 2 (18), unde:
~W3s1— energia asociata transportului;
-Was2 — energia asociata depozitarii produselor primare
si subproduselor
- Hcombrans - valoarea calorificd a combustibilului utilizat
pentru transport,[MJ/L];
- Veomburans - Volumul de combustibil utilizat pentru transport,[L/h];
- Twans — timpul total pentru transport, [h];
- Faep coeficientul energiei consumate pentru depozitare,
pe zi, [MJ/zi];
- Tuep — timpul de depozitare,[zi].

(13)

(14)

(15)
(16)
17)
(18)

Termenul W' — energia asociata manoperei, poate fi
calculat pe baza energiei metabolice (19), unde:

Gom — coeficientul energiei consumate de un muncitor
intr-o zi, [MJ/zi];

Hom — numarul de zile lucrate;

Nom — numarul de muncitori.

Pentru cazul studiat se considera ca produse principale de
iesire boabele si paiele obtinute din cultura de grau. Tn acest caz
marimea de iesire poate fi exprimata prin relatia (20), in care:
Wo — energia inmagazinata in biomasa rezultata
Wios — energia inmagazinata in boabe;

Wlo_z—energra fnmagazinata in materialul vegetal (paie);
Aceste energii pot fi calculate cu relatiile(21), unde:
Hseed, Hvm sunt valorile calorifice pentru seminte,

respectiv materialul vegetal, pe unitatea de masa [MJ/kg];

Mseed, Mvm, cantitdtile corespunzatoare de seminte,
mat.vegetal, pe ha [kg/ha].

Am realizat o analizd a balantei energetice, pentru
cultura de grau- produsul obtinut fiind boabele si paiele.

Marlmlle caracterrstlce utilizate pentru calculul W,
f(W 1.1, W |2, ey W |s) St = f(Sc, Ce, Tc,.. Oc) §I Wo =
f(\N o1, W 0,2) sunt prezentate in tab. 1 si tab 2

Pentru determinarea energiei Tnmagazinate

n
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resulting from cultivation of 10 hectares with wheat, the
following inputs are necessary:

- Technology of wheat cultivationa (tabel 1);

- cultivated area: 10 ha;

- soil type: brown-reddish soil, no irrigation

- fuel: Diesel with H.=38 MJ/I;

INMATEH — 7

tuzal

biomasa vegetala rezultatd prin cultivarea a 10 ha., cu
grau sunt necesare urmatoarele date de intrare:
- Tehnologia de cultivare a graului (tabel 1)
- Suprafata cultivata: 10 ha.,
- Tip sol: brun-roscat, fara irigatii;
- Combustibil utilizat: motorina cu H.=38 MJ/I

Wll.e = Gom-Hom-Nom
Wo=Wloi+ Wy
W'0.1= Hseed'Mseed: W02 = Hym-Myw;
- Ingrasaminte chimice (tabel.2)
- Erbicid utilizat: sareDMA 600- 1,5 I/ha-84,9 MJ/Kkg. [3]
- Continutul de energie al semintelor utilizate -16MJ/kg, [4]
- Cantitatea de seminte aplicata — 270 kg/ha;
- Productia de boabe 4000 [kg/ha] cu energia calorica
17,039 MJ/kg [9]
- Material vegetal rezultat — 1500 kg/ha cu o energie
calorica de 16,534 MJ / kg (15% umiditate) [9]
- Energia asociata manoperei: 1,95 MJ / h. [3]
Pe baza datelor de intrare prezentate , s-au facut calculele
si analiza energetica utilizand programul software (fig.6) [2],
rezultatele obtinute fiind prezentate in fig.7.
Potentialul real va fi diferenta intre energia inmagazinata in
biomasa -Wo, si energia de intrare W, (relatia 22)

- Chemical fertilizers (tabel 2)

- Herbicide: DMA 600 salt, 1,5 I/ha with 84,9 MJ/kg, [3]

- Energy content of wheat seeds -16 MJ/kg [4]

- Seed mass used: 270 kg/ha;

- Grain production: 4000 kg/ha with calorific energy of
17,039[MJ/kg] [9]

- Vegetal material production (straw) 1500 kg/ha with
calorific energy of 16,534 MJ / kg (15% humidity) [9]

- Energy associated to human labor 1,95 MJ / h. [3].

Based on the input data set, calculations and energy
analysis were made, using the software (Fig. 6) [2], the
results being shown in fig.7.

The real potential will be the difference between the energy
stored in biomass- Wo, and input energy W, (relation 22)

(19)
(20)
(21)

Table 1/ Tabel 1

Characteristics of wheat cultivation technology / Caracteristici ale tehnologiei cultivarii graului

Equipment / Mass of equipment / A+ A A Fuel consumption /
. T H mat manf rep ihi
Activity/ Activitatea Echipament Masa echipament [MJ/kg] [MJ/kg] Combustibil consumat
[ka] [L/ha]
i Tractor - U650 2500 138 10
Plowing / Arat Plow — PP3x30 300 180 6 30
Seedbed preparation / Disk harrow - GDx3,4 1250 149 6 15
Preg.pat germinativ
Sowing / Semanat Seeder —=SUP 21 500 133 6 7
Fertilizer distribution / Fertilizat Centrifugal spreader 950 129 6 2
Herbicides spraying / Erbicidat Spraying Machine 800 128 6 5
Harvesting / recoltat Combine CP12 8700 116 10 30

Fertiliser characteristics / Caracteristicile ingrasaméantului chimic

Table 2/ Tabel 2

- Fertilizer mass /
Type of fertilizer / Coroa + Cpack + Cirans Cantitatea de ingragdmant
Tip ingragsamant [MJ/kg]
[kg/ha]
N 78.1/78,1 100
P,0s 17.4/17,4 50
K,O 13.7 /13,7 60
PISTET| I~ rermo veoetaln
= Fipud femoe - = Cultust

(= Femna vegelals I B
" Ferma srnsla s
" Ferma moda d .0
I~ Lucema
@ Remts | @ fornea |
SEE] R
Generat| Comtntid | Fetizaton | Pesticide Gesus | Geoeest] Combubl Fecioaod | Pesscida | Gesu |
Sugeafars tobals cuivats ths) P Canftate N uticsts (ol o
Cackiate tolal sasante wbzas g} [0 Cacttary P05 ukzats hgl 174
Cartitale tolaka semints ieuitate [kg) 05 Canstate K20 uticsta gl 13.7
Candtato totaks paes obivuso [k9) |15m Canitarn teftizaton cegeryci utkrats 9] ]G
Cantitale totals deseus agicole teaatate ko] lu
@ Foenta | <o | @ Rerurss | < tnxa | [ o

Fig. 6 - Soft interface with input data / Interfata soft cu date de intrare
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Wie s = 2480
0.1%

Fig. 7 - Energy balance for wheat crop, W is expressed in [MJ] / Balanfa energeticad pentru cultura graului, W este exprimat in [MJ]

Wiea = Wo — W= 92957-54544.4 =38412,6 MJ

CONCLUSIONS

Due to its modular structure, presented method is
flexible and can be applied for energy evaluation of
different activities within an agricultural farm.

Analysing the results it is noted that the energy
associated to the agricultural machines used , represents
more than 50 % of the total input energies of the system.
the more we reduce the value of this kind of energy, the
higher will be the energy potential of the crop, and hence
the higher is the profitability of using the biomass obtained.

Optimization of the working process by energy
consumption point of view, may be done through the
improvment of technology(eg.no tillage technology ) or
using other agricultural machinery.

Based on these results it is possible to estimate the
energy potential of vegetal biomass on different areas
(agricultural farm, region, country, etc)
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CONCLUZII

Datorita structurii sale modulare metoda prezentata
este flexibila si poate fi aplicata pentru evaluarea
energetica a diferitelor activitati din cadrul unei ferme.

Din datele obtinute se observa c& energia asociata
masinilor agricole utilizate reprezinta mai mult de 50% din
totalul energiilor de intrare in sistem. Cu cat mai mult se
reduce valoarea aceste categorii de energie cu atat
creste potentialul energetic al culturii, si implicit
rentabilitatea utilizarii biomasei obtinute.

Optimizarea procesului de lucru din punct de vedere al
consumului de energie, se poate realiza prin
fmbunatatirea tehnologiei(de ex.tehnologie cu minim de
lucrari) sau prin utilizarea altor masini agricole.

Pe baza rezultatelor obtinute se poate face estimarea
potentialului energetic al biomasei vegetale pe diferite
unitati de suprafata (ferma, regiune, tara, etc.)
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Abstract: In nature the elements of a biological cluster,
as they are just after harvesting or the material particles of
a ground material never randomly distribute completely,
but only after various distribution laws known in
mathematical statistics. These distribution laws or
functions can be Gauss laws, Lorentz laws, Euler laws
etc. They can be graphically represented through two
different curves: the probability density curve (the
distribution curve) and the cumulative distribution law. The
distribution functions are characterized by many specific
parameters: average, standard deviation, limits,
asymmetry etc. Studying different phenomena, in can be
seen that although these belong to a different science,
their distribution in frequency is alike, respectively the
histograms have the same shape. For example, 90% of
the physical phenomena can be explained with the normal
distribution law (Gauss — Laplace law).

In this paper a statistical study of physical-biological
characteristics of two miscanthus crops harvested in two
consecutive years is presented: plants distribution according
to height, the plants individual mass, plants diameter at the
lower internod and at the upper internode, etc.

There were determined the statistical parameters for
various distribution laws (normal law, lognormal law,
gamma law) which can point out the physical
characteristics remembered before.

Also, the specific mass of plants stalks was determined,
based on its two components, bark and core, and also the
energy consumption during stalk grinding process.

Keywords: statistic analysis, biological characteristics,
grinding energy consumption, miscanthus stalksspecific
mass

INTRODUCTION

Today, the energetic plants variety must undergo a
substantial study on their characteristics in order to use
them inside technological processes. Among these
characteristics we identify both biological (plant height,
mass, base and tip diameter, number of internodes etc.)
influenced by culture conditions [4, 6], and physical
properties that greatly influence the preparation
processes.

The study of this paper is concentrated on the stalk
statistical analysis of the biological characteristics of two
batches of miscanthus harvested in two consecutive
years, 2010 and 2011.

The differences of the two batches are given by the
biological and physical characteristics that offer
information regarding maintenance and developing
miscanthus plants, [3].

Another aspect that must be taken into consideration
during plant preparation reffers to their hardness and the
process type that it is subjected to [1]. During the study of
cutting and grinding different researchers have shown the
importance of knowing physical properties during scientific
researches, [2]

According to studies, for an easier biomass use it
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Rezumat: In naturd elementele unei multimi biologice,
asa cum sunt imediat dupd recoltare sau particulele de
material ale unui mé&cinis nu se distribuie niciodata
complet aleator, ci numai dupé diverse legi de distributie
cunoscute in statistica matematicd. Aceste legi sau
functii de distributie pot fi de tip Gauss, de tip Lorentz,
de tip Euler etc. Ele sunt reprezentate grafic prin
intermediul a doud curbe distincte: curba densitatii de
probabilitate (curba de distributie) si curba de distributie
cumulativa. Functiile de repartitie sunt caracterizate de
mai multe marimi specifice: media, dispersia, asimetria,
limitele etc. Studiind diverse fenomene, se constata c4,
desi, acestea apartin unor gstiinte diferite, repartifia in
frecventd a acestora este asemdndtoare, respectiv,
histogramele au aceeasi formd. De exemplu, 90% din
fenomenele fizice se supun legii normale de repartitie
(legea Gauss — Laplace).

In lucrare se prezinta studiul statistic al caracteristicilor
fizico-biologice a doud loturi de plante miscanthus,
recoltate in doi ani succesivi de culturd: distribufia
plantelor dupéd inélfime, masa individuald a plantelor,
diametrul plantelor la internodul de jos etc.

Au fost determinate madrimile statistice, pentru mai
multe legi de repartitie (normald, lognormald, gamma)
care pot caracteriza proprietdtile fizico — biologice
amintite.

De asemenea, a fost determinatd masa specificd a
tulpinilor plantei pe cele doud componente ale sale, coaja
si miez, precum si consumul de energie la maruntirea tulpinilor.

Cuvinte cheie: analiza statistica, caracteristici fizico-
biologice, consumul de energie la maéaruntire, masa
specifica, tulpini de miscanthus

INTRODUCERE

Varietatea de plante energetice din zilele noastre impune
cercetatoriior un studiu amanuntit asupra caracteristicilor
acestora pentru utilizarea lor 1n cadrul diferitelor procese
tehnologice. Dintre aceste caracteristici se indentifica atat
caracteristicile biologice (indltimea plantelor, masa acestora,
diametrul la baza si la varf, numarul de intemoduri etc.) influentate
de conditiile de cultura [4, 6], dar mai ales proprietatile fizice care
influenteaza in mare parte masura procesele de prelucrare

Studiul acestei lucrari se concentreaza pe analiza
statistica a caracteristicilor biologice ale tulpinilor a doua
loturi de miscanthus recoltate in doi ani succesivi, 2010 si
2011.

Diferentele celor doua loturi de miscanthus sunt date
de caracteristicile biologice si fizice ale plantelor care
ofera informatii agronomilor cu privire la intretinerea si
dezvoltarea plantelor de miscanthus, [3].

Un alt aspect care trebuie avut in vedere in momentul
prelucrarii plantelor se refera la duritatea acestora si la tipul
de proces la care este supusa [1]. in studiul procesului de
taiere si maruntire diferiti cercetatori au evidentiat importanta
cunoasterii proprietatilor fizice ale plantelor in momentul
efectuarii cercetarilor stiintifice, [2].

Conform studiilor pentru o mai usoara utilizare a
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needs to be subjected to a process of reducing stalk,
leaves size of energy plants. Researchers have
presented a series of such studies concluding with the
fact that the most popular device for grinding is the
hammer mill, [5].

MATERIALS AND METHOD

Experimental researches have been carried out inside
the physical properties laboratory from  Biotechnical
Systems  Faculty, University “POLITEHNICA” of
Bucharest. Experiments were done on two groups of 100
plants each, harvested from the experimental field of the
National Institute of Research, Development of
Agricultural Machines Bucharest — INMA. Plants have
been harvested in two consecutive years 2010 and 2011,
being the second and third year of mischantus harvest.
Following harvesting of the two types of plants,
determinations regarding estimating the physical plant
characteristics were done.

INMATEH — icultural

biomasei este necesar ca aceasta sa fie supusa unui
proces de reducere a dimensiunilor tulpinilor, frunzelor
plantelor energetice. Cercetatorii au prezentat o serie de
astfel de studii concluzionand faptul ca cel mai utilizat
echipament de maruntire este moara cu ciocane, [5].

MATERIALE SI METODA

Cercetarile experimentale s-au desfasurat in cadrul
laboratorului de proprietati fizice al Facultéti de Ingineria
Sistemelor Biotehnice din Univeristatea Politehnica din
Bucuresti. Experimentele s-au efectuat asupra a doua grupuri
de cate 100 de plante recoltate de pe terenul experimental al
Institutului National de Cercetare-Dezvoltare pentru Masini si
Instalatii Destinate Agriculturii si Industriei Alimentare Bucuregti
— INMA. Plantele au fost recoltate Tn doi ani consecutivi 2010,
respectiv 2011, acestia fiind anul al doilea, respectiv al treilea
an de cultura pentru planta Miscanthus. Tn urma recoltarii cele
doua loturi de plante au fost efectuate determinari privind
estimarea caracteristicilor fizice si biologice ale plantelor.

Tabel 1/ Tabelul 1

Medium values of miscanthus plant physical-biological characteristics /
Valorile medii ale caracteristicilor fizico-biologice ale plantei miscanthus [3]

Mass of plants/ Heigth H Mean diameter at
Masa plantelor (cm)/inaltimea internode (mm)
Mp (g) plantelor Down, Dd
2010
Limits / Limite Min 8.9/8,9 80 49/4,9
Max 37.6/37,6 285 9.9/9,9
Average / Media 20.4/20,4 199.7 1 199,7 74174
Deviation / Abaterea 6.3/6,3 37.8/37,8 0.8/0,8
2011
- - Min 6.4/6,4 94.5/94,5 5.1/5,1
Limits / Limite
Max 57.1/57,1 247.5 [ 247,5 11.9/11,9
Average / Media 29.8/29,8 186.9/186,9 8.6/8,6
Deviation / Abaterea 13.1/13,1 34.1/34,1 14/1,4

Undertaken measurements have aimed at the plant
mass Mp(g), stalks height H (cm), average diameter at
the stalk base Dd(cm).

Experimental results obtained were processed inside
the STATISTICA 7.0 programme, firstly drawing the
histograms for all measured dimensions.

In order to observe the plant behavior in the process
of grinding and the energy consumption estimation
during grinding, after determining the physical
biological plant characteristics of stakls, the grinding
process was done with the GRINDOMIX GM-200 lab
mill. The mill is equipped with a dish and steel knives,
fixed on the bottom of the drum, the grinding process
being realized through material particle impact at a
revolution of 1500 rpm.

The material used for experiments regarding the
behavior at grinding was made of preground miscanthus
plants and then separated in 3 main length classes:
large particles of material with length between
15+20mm (45%);
medium particles of material with length between
8+15 mm (27%);
small particles of materal with length between
1+8mm (28%).

Each fraction was subjected separately to grinding
with the help of the mill mentioned above, during 1
minute, recording each time the energy consumption with
the help of an electric energy meter which was later
related to the material mass subjected to grinding.

In order to have enough data to assess the plants
behaviour during grinding process besides the plants
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Masuratorile efectuate au vizat determinarea masei
plantelor Mp (g), inaltimea tulpinilor H (cm), diametrul
mediu la baza tulpinii Dd(cm). Rezultatele experimentale
obtinute au fost prelucrate in programul STATISTICA 7.0,
trasdndu-se mai intai histogramele pentru toate marimile
masurate.

Pentru a putea observa comportarea plantelor in
cadrul procesului de maruntire si estimarea consumului
de enegie la maruntire, dupa determinarea caracteristicilor
fizico-biologice ale tulpinilor de miscanthus, s-a realizat
maruntirea acestora cu ajutorul unei mori de laborator
GRINDOMIX GM-200. Moara este echipata cu o cuva si 2
cutite din otel fixate la partea de jos a unui rotor, realizand
maruntirea prin impact a particulelor de material, la o
turatie de 1500 rpm.

Materialul utilizat Tn experimente a fost constituit din
plante de miscanthus premaruntite si separate in 3 clase
de lungimi:

particule de material mari cu lungimea de 15 +
20 mm (45%);
particule de material medii cu lungimea de 8+15
mm; (27%);
particule de material mici cu lungimea de 1+8
mm (28%).
Fiecare din aceste fracti a fost supusa separat
procesului de maruntire cu ajutorul morii amintite timp de 1
minut, Tnregistrandu-se cu ajutorul unui contor de energie
electrica activa consumul de energie, care a fost raportat
ulterior la masa de material supusa maruntirii.
Pentru a avea date suficiente in estimarea

comportarii plantelor la maruntire a fost determinata pe
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characteristics remerbered before, the specific mass of
stalks was determined based on its two components (bark
and core). The probes used for determinations were
taken from the lower internode of the stalk, the area
where the diameter and the bark thickness is higher than
the superior internodes.

_d

1 F 118
Fig. 1 - Lab mill GRINDOMIX GM- 200 / Moara de laborator GRINDOMIX GM-200

Regarding the physical-biological characteristics of the
miscanthus plants remembered before, the histograms
were initially drawn based on the results realized with the
STATISTICA programme for both batches of plants, and
over the physical — biological characteristics histograms
the variation curves of the measured data were drawn,
through regression analysis of the histogram returned
values, using functions:

normal distribution function:

f(x)=a- gD Oc)’

lognormal distribution function:

F(x)= 2 grolimer
X

gamma distribution function:

f(x)=a-x"-e

RESULTS ND DISCUTION

The histograms drawn based on the physical — biological
characteristics measured are presented in figures 2, 3 and 4.

Following the analysis of the measured parameters
a slight rise of the physical-biological characteristics
could be seen for the second year of culture. Average
values of physical-biological plants parameters
determined through statistic analysis regarding the upper
and inferior limits, the medium measured values or their
dispersion towards the medium value, are presented in
table 1.

Values of the average diameter at the base of the plant
are between 4.9-7.98mm, for the 2010 batch and 5.5-9.7
for the 2011 batch and the plant mass had values between
8.9-37.6g for the 2010 batch and 6.4-57.1g for the 2011
batch. Average values for the plant height were between
80-285cm for the 2010 batch and 94.5-315 cm for the 2011
batch.

Following the regression analysis based on the values
returned by the histograms, the regression equation
coefficients and correlation coeffcients of the experimental
data were determined with the functions used (eq. 1-3).
These values are synthetically presented in table 2.
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langa caracteristicile amintite si masa specifica a

tulpinii de miscanthus pe cele doua componente ale
sale (coaja si miez). Probele au fost prelevate din
internodul inferior al tulpinilor, acolo unde diametrul si
grosimea cojii sunt ceva mai mari decat la internodurile
superioare.

in ceea ce priveste caracteristicile fizico- biologice ale
plantelor de miscanthus amintite anterior au fost trasate
initial histogramele acestora pe baza determinérilor
efectuate in programul STATISTICA pentru ambele loturi
de plante, iar peste histogramele caracteristicilor fizico -
biologice au fost trasate in continuare, curbele de variatie
a marimilor determinate, prin analiza de regresie a
valorilor returnate de histograma, utilizand functiile:
functia de distributie normala:

@
- functia de distributie lognormala:
@
- functia de distributie gamma:
—C-X
©)

REZULTATE Si DISCUTII

Histogramele realizate pe baza caracteristicilor
biologice masurate sunt prezentate in figurile 2, 3 si 4.

in urma analizei valorilor parametrilor masurati s-a
putut constata o usoara crestere a valorilor caracteristicilor
fizico-biologice pentru cel de-al doilea an de cultura.
Valorile medii ale parametrilor fizico-biologici ai plantelor,
determinate prin analiza statisticd a acestora, privind
limitele superioara si inferioara, media valorilor masurate
sau dispersia acestora fatd de valoarea medie sunt
prezentate in tabelul 1.

Valorile diametrului mediu la baza plantelor de miscanthus
au fost cuprinse intre 4,9 — 7,98 mm, pentru lotul din 2010
si 5,5 — 9,7 mm pentru lotul din 2011, iar cele ale masei plantelor
au avut valori cuprinse intre 8.9 — 37,6 g pentru lotul din
2010 si 6,4 — 57,1 g pentru lotul din 2011. Valorile masurate
ale inaltimii plantelor au fost cuprinse intre 80 — 285 cm
pentru lotul din 2010 si 94,5 — 315 cm pentru lotul din 2011.
In urma analizei de regresie efectuate pe valorile returnate
de histograma au fost determinati coeficientii ecuatiilor de
regresie si coeficientul de corelatie a datelor experimentale
cu functiile utilizate (ec. 1 — 3). Aceste valori sunt
prezentate sintetic in tabelul 2.


http://hallo.ro/search.do?l=ro&d=en&query=synthetically
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Table 2/ Tabelul 2

Regression function coefficients and the correlation coefficient values R? for the three distribution functions /
Coeficientii functiilor de regresie si coeficientul de corelatie R° pentru cele trei functii de distributie

Physical-biological characteristics of the analyzed plants /
Caracteristicile fizico-biologice analizate ale plantelor
Plant mass / ) Plant height / Base medium diameter /
Masa planelor (g) Inaltimea plantelor (cm) | Diametrul mediu (mm)
2010 2011 2010 2011 2010 2011
a 30.484 / 14.888 / 23.766 / 21.79/ 52.892/ 27.218/
30,484 14,888 23,766 21,79 52,892 27,218
Regression b 0.012/ 0.003/ 0.001/ 4.7*10':/ 0.934/ 0.240/
Normal function / coefficients / 0,012 0,003 0,001 4,7*10 0,934 0,240
Functia normal Coeficientii de c | 18738/ | 27.361/ | 188.02/ | 194.450/ | 7.460/ 8.417/
regresie 18,738 27,361 188,02 194,450 7,460 8,417
Rz | 0.953 / 0.811/ 0.892/ 0.943/ 0.998/ 0.977/
0,953 0,811 0,892 0,943 0,998 0,977
a 574.4/ 406.4 / 4614.2 / 4277.2 1 397.21/ 228.79/
574,4 406,4 4614,2 4277,2 397,21 228,79
L | Regression b 4.201/ 2.003/ 18.940/ 14.230/ 52.915/ 16.802 /
ognormal coefficients / 4,201 2,003 18,940 14,230 52,915 16,802
function / Functia S
5 Coeficientii de 2.965/ | 3.392/ 5.244 | 5.279/ 2.010/ 2.139/
lognormala ’ c
regresie 2,965 3,392 5,244 5,279 2,010 2,139
R 0.99/ 0.788/ 0.899/ 0.969 / 0.997 / 0.982/
0,99 0,788 0,899 0,969 0,997 0,982
a | 2+v10° 9.1¥10°/ | 2.5*10%°/ [7.99*10% /| 1.2x10%/ | 2.4*10"%/
9,1*10° | 2,5¢10%° | 7,99*10°" | 1,2*10%® | 2.4*10%°
Regression b 7.611/ 3.403/ 27.800/ 27.850/ 84.037/ 33.100/
Gamma function / coefficients / 7,611 3,403 27,800 27.850 84,037 33,100
Functia gamma Coeficientii de ¢ | 0432/ 0.142/ 0.150/ 0.146 / 11.334/ 3.988/
regresie 0,432 0,142 0,150 0,146 11,334 3,988
Rz | 0.987 / 0.824/ 0.886 / 0.963/ 0.988/ 0.983/
0,987 0,824 0,886 0,963 0,988 0,983

From the histogram and distribution curves analysis,
determined through regression analysis, as well as R?
coefficient values, we can observe a good correlation of
the experimental data with the variation laws assumed,
appreciated through risen relative values of R’ (R2 >0.900)
in the majority of cases, for all analysed equations.

However, the best correlation is the normal distribution
law (the one that has the highest R? values ) for all
biological characteristics analyzed. In figures 2, 3 and 4
the red colour curve represents the regression curve for
the normal law distribution, the green colour curve
represents the regression curve for the lognormal
distribution law, and the blue colour curve represents the
regression curve for the gamma distribution law retuned
by the histogram.

00 L4 100 120 14( L 100 200 20 240 200 200

Plant distribution after its height/Distnbutia planteior dupa inaltime (2010) {cm)

Din analiza histogramelor si a curbelor de distributie,
determinate prin analiza de regresie, precum si a valorilor
coeficientului R®, se constatd o buna corelatie a datelor
experimentale cu legile de variatie gropuse, apreciata prin
valorile relativ ridicate ale lui R? (R“>0.900) in majoritatea
cazurilor, pentru toate ecuatiile analizate.

Totusi, cea mai bund corelatie o prezinta legea de

distributie normala (care are valorile R? cele mai mari)
pentru toate caracteristicile biologice analizate.
In figurile 2 — 4 curbele de culoare rosie reprezinta curba
de regresie pentru legea de distributie normald, curba de
culoare verde reprezinta curba de regresie pentru legea
de distrubutie lognormala, iar curba de culoare albastra
reprezintd curba de regresie pentru legea de distributie
gamma a valorilor returnate de histograma.

Histogram

Procentage (%]

o 20 140 160 1 200 0 740 o 0 o 320

Plant distribution after its height/Distributia plantelor dupa inaRtime (2011) fem)

Fig. 2 - The plants hight normal, lognormal and gamma distribution histograms /
Histogramele distributiilor normale, lognormale si gamma pentru inaltimea plantelor
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Miscanthus plant distribution after its mass/Distruibutia plantelor de miscanthus
dupa masa lor indviduala (2010) [g]
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Histogram
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Miscanthus plant distnbution after its mass/Distruibuta plantelor de miscanthus
dupa masa lor indviduala (2011) 9]

Fig. 3 - The plants mass normal, lognormal and gamma distribution histograms /
Histogramele distributiilor normale, lognormale si gamma pentru masa plantelor

Histogram

Procentage (%)

Miscanthus base diameter/Diametrul ka baza al plantei miscanthus (2010) [mm]

Histogram

Procentage (%)

!

Miscanthus base dameter/Diametrul k3 bazs 3l plantel mescanthus (2011) [mm]

Fig. 4 - The plants base diameter normal, lognormal and gamma distribution histograms /
Histogramele distributiilor normale, lognormale si gamma pentru diametrul la baza al plantelor

To determine the core respectively the bark density of
miscanthus stalks, for the measured stalks diameter and
length, their volume was determined and with the help of
an electronic balance with a precision of 0.1 g, the
probes were weighted separately, the bark, respectively
the core determining the specific mass of each
component. In can be seen that the stalk core had
values between 48 - 52 kg/m3 and the stalk bark had
values between 545 — 575 kg/m3 (the tests were done
only for samples from 2010).

Regarding the specific energy consumption during
grinding process of miscanthus stalks, we could observe
that it was as much higher as the initial material particles
were bigger. Thus, for the material fraction build out of
small particles the specific energy consumption was 219.8
kJ/kg, mean while for the material fractions build out of
medium particles (8 — 15 mm) the specific energy
consumption was 234.0 kJ/kg, and for the material fraction
build out of large particles (length between 15 — 20 mm)
the specific energy consumption was about 283.5 kJ/kg.
Ground material was sieved manually with a sieve that had
square openings of 1 mm, the material procentage
remained on the sieve being between 2 — 3.5 %, in
everyone of the 3 cases.

Also, we could observe that the ground material
temperature has rised in all the 3 cases, from the initial
environmental tempetature (it was about 20°C) to
approximately 32°C for the small faction particles,
respectively 33°C for average fraction particles and about
35°C for large fraction particles.
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La determinarea densitati cojii respectiv. miezului
tulpinilor de miscanthus pentru epruvete de tulpina cu
diametrul si lungime masurate a fost determinat prin calcul
volumul acestora iar cu ajutorul unei balante electonice cu
precizia de 0,1 g au fost cantarite separat coaja respectiv
miezul determindand apoi masa specifica a fiecarei
componente. S-a constat ca densitatea miezului tulpinei a
avut valori cuprinse intre 48 - 52 kg/m®, iar densitatea cojii
a avut valori cuprinse intre 545 kg/m® - 575 kg/m® (testele
au fost efectuate numai pentru probele din 2010).

n ceea ce priveste consumul de enegie la maruntirea
tulpinilor de miscanthus s-a putut constata faptul ca
energia necesara maruntirii este cu atadt mai mare cu cat
dimensiunea initiala a particulelor de material este mai
mare. Astfel, pentru fractia de material constituitd din
particulele de dimensiuni mici consumul de energie a fost
de cca 219,8 kJ/kg, in timp ce pentru fractiile de material
cu particule medii (8-15 mm) a fost de 234,0 kJ/kg, iar
pentru fractia de material cu particule mari (lungimi intre
15-20 mm) consumul de energie specific a fost de cca
283,5 kJ/kg. Materialul maruntit a fost cernut manual cu o
sita cu orificii patrate cu latura de 1 mm, procentul de
material ramas pe sita fiind cuprins intre 2-3,5 %, in
fiecare din cele trei cazuri.

S-a putut constata, de asemenea, ca temperatura
materialului maruntit a crescut in toate cele trei cazuri
analizate, de la temperatura mediului ambiant (care a fost
de circa 20°C) la aproximativ 32°C pentru fractia de
particule mici, respectiv 33°C pentru fractia de particulele
mijlocii si circa 35°C pentru fractiile de particulele mari.
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CONCLUSIONS

Following the analysed data presented in the paper we
could conclude the fact that since 2011 plant batch presented
a slight rise compared to the 2010 plant batch, regarding the
physical-biological characteristics measured, respectively
they had higher values for the second year of culture.

Also following regression analysis done based on the
values returned by the physical-biological characteristics
histograms,for the experimental correlation data with the
regression functions reflected in the paper,we could see
the fact that the highest correlation coefficient (R2 >
0.977) was for the base diameter of the plant both for
2010 batch as well as for 2011 batch, for all the three
functions analyzed. Correlation coefficient had the
smaller values, respectively 0.788 for the lognormal
distribution function, 0.811 for the normal distribution law
and 0.824 for the gamma function in the case of
miscanthus plant mass from the 2011 batch. All the other
characteristics showed values of the correlation
coefficient between 0.886-0.990, which proves that the
apreciation based on the distribution laws of the
miscanthus plant physical — biological characteristics
presented in the paper was correct

Regarding the grinding process of miscanthus stalks we
could observe a decrease in the specific energy consumption
along with the decrease in the initial material size particles
being different for leaves and stalks.

We can, however, mention that this consumption has
values over 234 kJ/kg if the material particles subjected to
grinding have medium values between 8-15 mm, in order
to reduce them to under 1 mm.

The data presented in the paper can be useful for
specialists in miscanthus planting process as well as the
designers and machine builders used for plant processing
(grinding, cutting, etc).
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CONCLUZII

Tn urma analizei datelor experimentale prezentate in
lucrare se poate concluziona faptul ca lotul de plante din
2011 a prezentat o usoara crestere a valorilor parametrilor
fizico-biologici fata de lotul de plante din anul 2010.

Referitor la analiza de regresie efectuata pe baza
valorilor returnate de histogramele caracteristicilor fizico-
biologice, pentru corelarea datelor experimentale cu
functiile de regresie propuse in lucrare, s-a putut constata
faptul ca cea mai ridicata valoare a coeficientului de
corelatie (R* > 0.977) a fost pentru diametrul la bazi al
plantelor, atat pentru anul 2010, cat si pentru anul 2011
pentru toate cele trei functii analizate. Coef|C|entuI de
corelatie a avut cele mai mici valori, respectlv R?=0.788
pentru functia de dlstrlbutle lognormala, R®=0.811 pentru
functia normala Si R%=0.824 pentru functia gamma pentru
masa plantelor de miscanthus din lotul anului 2011. Toate
celelalte caracteristici au prezentat valori ale coeficientului
de corelatie cuprinse intre R?=0.886-0.990, ceea ce
demonstreaza cé aprecierea distributiei caracteristicilor
fizico-biologice ale plantelor de miscanthus poate fi
realizatd cu o Tnaltd corelatie prin functiile de distributie
prezentate n lucrare.

in ceea ce priveste maruntirea tulpinilor de
miscanthus, s-a putut constata o scadere a consumului de
energie specific, odata cu scaderea dimensiunilor initiale
ale particulelor de material.

Putem spune totusi ca acest consum se situeaza la
valori de peste 234 kJ/kg daca particulele de material
supuse maruntirii au dimensiuni medii intre 8-15 mm,
pentru a le aduce la dimensiuni sub 1 mm.

Datele prezentate n lucrare pot fi de folos atét
specialistilor in cultivarea plantei energetice miscanthus
cat si proiectantilor si constructorilor de utilaje pentru
prelucrarea (maruntirea) acestora.

MULTUMIRI
Rezultatele prezentate Tn acest articol au fost obtinute
cu sprijinul  Ministerului Muncii, Familiei si Protectiei

Sociale prin Programul Operational Sectorial Dezvoltarea
Resurselor Umane 2007-2013, Contract nr.
POSDRU/88/1.5/S/61178.
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Abstract: In the paper are presented the theoretical and
experimental researches of new technology for vehicle
fueling with biomethane. In the result of research were
realized calculations using thermodynamical and heat
transfer formulas; has created a real prototype, to validate
working parameters in an experimental demonstration in
laboratory conditions.

Keywords: biomethane, vehicle, fueling

INTRODUCTION

The rising of oil prices and ecology aspects are factors
motivating the countries around the world to support biofuel
research and production. Since the global energy crisis in the
1970s, more extensive attention has been focussed on liquid
renewable fuels, such as, vegetable oil, biodiesel and
ethanol. All these fuels can be made from different kind of
raw materials and therefore they have essential advantages
comparing to fossil fuels. During the last years large attention
was focused also on biogas production, and it cleaning and
upgrading till natural gas standards, allowing to get bio-
methane. This gaseous fuel also is renewable fuel, because
it is produced by the anaerobic digestion or fermentation of
different types of biodegradable materials.

During last years biogas production has developed
very rapidly due to a governmental support, which
guarantees that the electric power, produced in the result
of burning of biogas in CHP plants, has to be purchased
by power company. But not all biogas companies are
interested to produce only electric power, some of them
are looking for bio-methane utilization in their car fleet,
when biogas is cleaned and upgraded till natural gas
physico-chemical properties.

The number of natural gas vehicles is growing rapidly
and now it reached almost 14.5 million vehicles in the
world with the growing perspective of 18% per year [1].
Best example, where large part of these vehicles is used -
municipal sector: city buses, waste collection vehicles,
taxis, municipal vehicles, etc. At present one of the main
drawbacks for bio-methane utilization widely in private
transport sector is that it is expensive and not so effective
filing equipment. The objective of this research is to
analyze new technology, created by Latvian inventor,
which could allow to decrease maintenance expenses and
increase effectivity of bio-methane filling equipment.

MATERIALS AND METHODS

Presently, during production of methane compressing
equipment, there are used gas-filling multistage
compressors with both mechanical and hydraulic drives,
which provide the compression of natural gas for its
application as a motor vehicle fuel. Complicated
construction of compressors with mechanical drive,
consumption of large amounts of power during their use,
and generation of large amounts of heat, as well as high
maintenance costs compensating a wear of movable
parts of compressor resulted in the development of
compressors with  hydraulic drives having some
advantages over the compressors with mechanical drives.

After reviewing of realized methane compressing
methods, there could be marked a method of company
“ECOFUELER” for multistage compressing gas (U.S. Pat.

59

Kopsavilkums: Dotaja raksta ir paraditi jaunas
tehnologijas  spékrata  uzpildiSanai ar  biometanu
teorétiskie un eksperimentalie pétijumi. Pétijumu rezultata
tika veikti aprékini izmantojot gan termodinamiskas
likumsakaribas, gan siltuma parejas sakaribas; izveidots
reals  prototips  darba  parametru  novértéSanai
eksperimentalos pétijumos laboratorijas apstak|os.
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IEVADS

Pieaugo$as degvielas cenas un ekologijas aspekti ir
faktori, kas motivé valstis visa pasaulé atbalstit biodegvielu
pétijlumus un razo$anu. Kop$ energijas krizes 1970-jos daudz
lieldka uzmaniba tika pievérsta tadam atjaunojamam
degvieldm ka augu ella, biodizeldegviela un etanols. Visas Sis
degvielas var tikt sarazotas no dazada veida organiskajiem
materidliem un tadgjadi tdm ir nozimigas priekSrocibas
salidzingjuma ar fosilajam degvielam. Pé&déjos gados liela
uzmaniba pievérsta ari biogazes razoSanai, un tas attiriSanai
un bagatinaSanai lldz dabasgazes standartiem, laujot iegat
biometanu. ST gazveida degviela arT ir atjaunojama, jo ta tiek
ieglita dazada veida biologiski degrad&jamu materialu
anaerobas apstrades vai fermentacijas rezultata.

Pédéjos gados biogazes razoSana ir attistijusies loti
strauji saistiba ar valdibas atbalstu, kas garanté
elektroenergijas iepirkumu no uznémumiem, kas biogazes
sadedzindSanas rezultatd kogeneracijas stacija razo
elektroenergiju. TaCu ne visas biogazes kompanijas ir
ieinteresétas tikai razot elektroenergiju; dazas no tam ir
ieinteresétas biometana izmantoSanad sev piederosaja
autoparka, kad biogaze ir attirita un bagatinata Iidz
dabasgazes fizikali-kKimiskajam Tpasibam.

Dabasgazes transportlidzek|u skaits pieaug strauji un
tagad tas pasaulé jau ir sasniedzi gandriz 14.5 miljonus
transportlidzek|u, ar izaugsmes perspektivu 18% gada [1].
Labakais piemérs, kur liela dala $o transportlidzek|u tiek
izmantota — paSvaldibas: pilsétas autobusi, atkritumu
savakSanas transports, taksometri, pasvaldibas transports,
utt. Patlaban viens no butiskakajiem kavékliem biometana
plaSakai izmantoSanai transporta sektord ir pietiekoSi
dargais un nepietieko$i efektivais uzpildes aprikojums. ST
pétljuma mérkis ir analizét jaunu, Latvijas izgudrotaja raditu,
tehnologiju, kas lautu samazinat biometdna uzpildes
aprikojuma izmaksas un palielinat ta efektivitati.

MATERIALI UN METODES

Izgatavojot metana saspieSanas iekartas, patreiz efektivi
tiek lietoti galvenokart daudzpakapju gazes uzpildes
kompresori, gan ar mehanisku, gan hidraulisku piedzinu, kas
nodrosina dabasgazes saspieSanu Iidz tadam lTmenim, pie
kura iesp&jams izmantot dabasgazi k& autotransporta degvielu.
Kompresoriem ar mehanisku piedzinu ir sarezgita konstrukcija,
ekspluatacijas laika tie patéré daudz enerdijas un izdala lielu
situma daudzumu. Turklat tiem ir augsti ekspluatacijas
izdevumi, ar ko kompensé kompresora kustigo dalu nodilumu.
Minéto trikumu de| paradijas kompresori ar hidraulisku
piedzinu, kuriem ir vairdkas priekSrocibas, salidzinot ar
kompresoriem, kuriem ir mehaniska piedzina.

Apskatot razoSand realizétos metana saspieSanas
panémienus, var atzimét fimas "ECOFUELER” izmantoto
gazes daudzpakapju saspieSanas panémienu (ASV patents
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Ne 5863186) [2], which predicts multistage gas
compressing in series-connected compressing vessels.
This is performed by under-pressure supply of a hydraulic
fluid, which is being separated from the compressed gas
by pistons moving in the vessels during operating cycles
of the compressor. This method has found its application
in gas-filing devices of “ECOFUELER”, including
individual gas-filling appliances of HRA type (Home
Refueling Appliance). This device is predicted for
residential low pressure gas network and from standard
residential electric network. The disadvanatage of gas-
filling devices operated according to this method is their high
price limiting the broad use thereof in a private sector. The
reason has to do with the need for high-technology
constructional elements, mainly for precision hydraulic
compressing vessels.

It is known in the art a method for hydraulic
compression of gas for fueling a motor vehicle from mobile
gas-filling appliances without a dividing piston between the
gas and fluid (RU patent Ne 2128803) [3]. Transfer of gas
from accumulating vessels to user’s vessels is performed
by a displacement of fluid by gas with the sequential
transfer of fluid from a previous vessel to the next ones.
This method may be used in mobile gas filling units
providing large volumes of compressed gas by
connection to a gas line with rather high pressure
required for this method and having a power supply
source of sufficient power (industrial electrical network).
Moreover, because the above mentioned condition
provided by this method, when upon the termination of
compression cycle in a compressing vessel, a certain
volume of compressed gas is left in its upper part, the
effective volume of the further filling of a working vessel
decreases due to significant volume expansion of this left
non-displaced volume of the compressed gas. Therefore,
the existence of such residual volume of compressed
gas left in the working vessel at the end of a compression
cycle results in the so called “stretched spring effect” at the
stage of filing the compression vessel (residual
compressed gas begins to increase many fold in volume).

The object of current investigation is proposed in LV
patent Nr. 13661 B [4]. This is a method for compressing
gas for fueling vehicles by alternate transfer of gas into
two vertically arranged compressing vessels (Fig. 1), its
compression and forcing into high-pressure vessels by
filling the compressing vessels with working fluid under
pressure by means of a hydraulic drive. A novelty of this
method lies in that, according to the present invention,
each cycle of gas compressing and its forcing out of the
compressing vessels is performed until these vessels are
fully filled with the working fluid contained in the
compressing vessels and alternately forced out of one
compressing vessel into the other in response to a signal
sent by a fluid-level sensor capable of detecting the full fiilling
of the corresponding compressing vessel. To increase the
time required to fuel a motor vehicle, there may be provided
the increase in gas pressure by its preliminary compression
at the inlet of the compressing vessels.

The principal scheme of gas-filling device is provided
in Fig. 1, and it comprises two compressing vessels (1),
(2) and the accumulating vessel (31), in the upper necks
of which there are mounted shut-off devices (3) integrated
with fluid level sensors (4) capable of detecting the full
filing of the compressing vessels with working fluid.
Compressing vessels (1) and (2), as also accumulating
vessel (31) has also lower necks connected to hydraulic
mainlines. A hydraulic pump (5) with an electric drive (6) is
provided with a high-pressure line (7) and low-pressure
line (8), which are connected with the compressing
vessels (1), (2) and accumulating vessel (31) through
shut-off electromagnetic valves (9), (10), (11), (12), (36)
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Ne 5863186) [2], kas paredz gazes daudzpakapju
saspieSanu secigi savienotos gazes saspieSanas cilindros.
Lai gazi saspiestu, cilindros ievada saspiestu hidraulisko
8kidrumu, kas atdalits no saspiezamas gazes ar virzuliem,
kuri kompresora darba ciklu laika cilindros parvietojas. Sis
panémiens tiek izmantots firmas ,ECOFUELER” gazes
uzpildes iekartas, t.sk. arm individualas lietoSanas gazes
uzpildes iekartdas ,HRA” (Home Refueling Appliance). Sis
iekartas paredzétas pieslégSanai zema spiediena sadzives
gazes sadales tiklam un standarta sadzives elektrotiklam.
Gazes uzpildes iekartam, kuru darbiba balstds uz $adu
gazes saspieSanas panémienu, ir augsta cena, kas ierobezo
8adu iekartu plasu izplatibu privataja sektora. Augsto cenu
nosaka nepiecieSamiba péc iekartas konstruktivo elementu,
it seviSki saspieSanas cilindru izgatavoSanas precizitates.

Ir zindms arm cits gazes hidrauliskas saspieSanas
panémiens autotransporta uzpildei no parvietojamam gazes
uzpildes iekartam. Saja gadijuma kompresora cilindra
saspieZamas gazes atdalianai no Skidruma netiek izmantots
virzulis (KF patents Ne 2128803) [3]. Gazes padevi
patérétajam no uzkraSanas tvertném nodrosina, gazi izspieZot
no tdm ar saspiesta Skidruma palidzibu, kas tiek parsiknéts
secigi no iepriek8gjas uzkrasanas tvertnes uz nako$am. So
panémienu iesp&jams izmantot transporté§jamas gazes
uzpildes iekartas, lai nodroSinatu lielus gazes saspieSanas
apjomus, kad iespéjams pievienoties gazes vadam ar
saméra augstu spiedienu, kads nepiecieSams 8T panémiena
realizacijai, un kad ir pieejams pietiekoSas jaudas elektrotikls

(rGpnieciskais elektrotikls). Bez tam, $aja panpémiena
ietvertais nosacijums, ka saspieSanas cikla beigas
saspieSanas cilindra aug$éja dald paliek ievérojams

saspiestas gazes daudzums, samazina saspieSanas cilindra
sekojosas uzpildes efektivo tilpumu ta iemesla dél, ka pari
palikusi saspiesta gaze ievérojami izpleSas. Tadejadi,
saspieSanas ciklam beidzoties, saspieSanas cilindra paliek
pari ievérojams daudzums saspiestas gazes, kam japiedalas
nakoSaja saspieSanas cikla, nosaka to, ka, uzsakot
saspieSanas cilindra uzpildi ar saspiezamo gazi, taja
atlikusas gazes tilpums vairakkart palielinas.

Dota pétijuma meérkis ir ierosinats LV patentd Nr.
13661 B [4]. Sie metode tiek realizéta saspiezamo gazi
parmainus ievadot divos vertikdlos saspieSanas cilindros
(1. att.), kuros gazes saspieSana un sekojoSa tas
parvietoSana uz uzkrdSanas tvertni tiek veikta,
saspieSanas cilindros ievadot saspiestu $kidrumu ar
stkna palidzibu. Jaunievedums ir tads, ka saskana ar
izgudrojumu, katra gazes saspieSanas cikla beigas
saspieSanas cilindrs ir pilntba uzpildits ar Skidrumu, t.i.,
visa saspiestd gaze ir parvietota uz uzkraSanas tvertni.
Turklat, gazes saspieSanai vajadzigais Skidruma daudzums
glabajas saspieSanas cilindros un tiek parmainus parsiknéts
no viena saspieSanas cilindra uz otru péc signala, kas tiek
sanemts no saspieSanas cilindru maksimala Skidruma limena
devéjiem. Lai saisinatu automobila uzpildei patéré&jamo laiku,
iespéjams palielindt ST panémiena raZibu, paaugstinot
saspieSanas cilindros ievadamas gazes spiedienu ar
papildus kompresora palidzibu.

Uzpildes iekartas principiala shéma ir paradita 1. attéla,
un ta sastav no diviem saspieSanas cilindriem (1), (2) un
uzkraSanas tvertni (31), kuru augSpusé eso3ajas atverés
uzstaditi noslégvarsti (3), kuros iebavéti devéji (4), kas
nodroSina maksimala skidruma limena kontroli saspieSanas
cilindros. SaspieSanas cilindru (1) un (2), k& arT uzkraSanas
tvertnes (31) apakSpusé esoSajam atverém piemontéti
Skidruma sadales kolektori. Hidrauliskais stknis (5) ar
elektrodzingju (6) aprikots ar augsta (7) un zema (8)
spiediena caurulvadiem, kuri savienoti ar saspieSanas
cilindriem (1) un (2), uzkraSanas tvertni (31). Uz
caurulvadiem uzstaditi elektromagnétiskie noslégvarsti
(9), (10), (11), (12), (36) un (37). Augsta (7) un zema (8)
spiediena caurulvadi sava starpa savienoti ar vienvirziena
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and (37). High-pressure (7) and low-pressure (8) lines are
connected with each other by means of a bypass valve (15).
Working spaces of each compressing vessel (1) and (2)
through the shut-off devices (3) and opposite connected one-
way valves (34-35) and (17), (19) from one side are
connected through valves (34) and (35) to an inlet pipeline for
gas supply into compressing vessels (1) and (2), and from
the other side they are connected through valves (17) and
(29) with an outlet pipeline (21) for pumping the gas into the
fuel tank of a vehicle (22) through a connector (23).
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droSibas parplades varstu (15). Katrs saspieSanas cilindrs
(1) un (2) aprikots ar noslégvarstu (3), kam piemontéti
vienvirziena noslégvarsti (34-35) un (17), (19), kas nodrosina
iespéjas savienot katra saspieSanas cilindra (1) un (2) iek$&jo
tilpumu atseviSki gan ar zema spiediena gazes padeves
kolektoru, atveroties vienvirziena noslégvarstam (34) vai (35),
gan ar saspiestds gazes spiedvadu (21) gazes padevei
automobila balond (22) caur savienojoso balonu (23),
atveroties vienvirziena noslégvarstam (17) vai (19).

Fig. 1 - The principial scheme of high pressure compressor system of gaseous fuel /
Gazveida degvielas augstspiediena kompresora sistémas principiala shéma

1, 2 — compressing vessels / 1, 2 -

elektrodzingjs; 7 — high-pressure line / 7 - augsta spiediena caurujvads; 8 —
valves / 9, 10, 11, 12 -

elektromagnétiskais varsts; 15 — bypass valve / 15 -

saspieSanas cilindri; 3 — shut-off device / 3 - daudzfunkcionalais varsts; 4 — fluid level sensor / 4 - $kidruma limena
noteiksanas elektromagnétiskais devéjs; 5 — hydraulic pump / 5 - hidrauliskais sdknis; 6 — electric drive of hydraulic pump / 6 -
low-pressure line / 8 - zema spiediena caurulvads; 9, 10, 11, 12 — electromagnetic
vienvirziena droSibas parplides varsts; 17, 19 — one-way valves / 17, 19 -

hidrauliska sakna

vienvirziena varsts; 21 — outlet pipeline / 21 - spiedvads; 22 — fuel tank of a vehicle / 22 - automobila balons; 23 - connector / 23 - spiedvada un automobila
balona savienojo$ais balons; 24 — electric contact manometer / 24 — elektrokontaktmanometrs; 25 — electronic control unit / 25 - elektronikas vadibas bloks;
27 — filter-drier / 27 - filtrs sausinatajs; 28 — low pressure gas pipeline / 28 - zema spiediena gazes vads; 29 — gas / 29 — gaze; 30 — working fluid / 30 —
Skidrums; 31 — accumulating vessel / 31 — gazes uzkrasanas tvertne; 32 — drain tube / 32 — parpliades caurulite; 33 — bypass valve / 33 — vienvirziena varsts;
34, 35, 36, 37 - electromagnetic valves / 34, 35, 36, 37 - elektromagnétiskais varsts ;

According to patent the filling of the accumulating
vessel (31) is carried out in the following sequence. When
starting the gas-filling device, the electronic control unit
(25), which runs an operating program, is activated, the
electrical drive of the hydraulic pump (6) switches on and
the electromagnetic valve (35) opens simultaneously, the
electromagnetic valve (9) are brought to the condition
wherein the compressing vessel (1) is connected to high
pressure line (7), and the compressing vessel (2) is
connected to the low-pressure line (8) through the opened
valve (12). During the operation of hydraulic pump (5), the
working fluid from the lower neck of the compressing
vessel (2) through the open valve (12), the low-pressure
line (8), the hydraulic pump (5), the high-pressure line (7),
the open electromagnetic valve (9), and the lower neck of
the compressing vessel (1) is pumped into the
compressing vessel (1), from which the gas through the
one-way valve (17), and the outlline pipeline (21) is
displaced into the accumulating vessel (31). This process
is accompanied by filling a vacated volume of the
compressing vessel (2) with the gas coming from the low-
pressure gas pipeline (28) through the open
electromagnetic valve (35). Once the working fluid (30)
has reached the lower edge of the movable closing
element in the valve construction, signal is sent to to the
electronic device (25) to change the hydraulic flow into a
reverse mode, in which the electromagnetic valves (9) and
(12) are closed, and the valves (10) and (11) are opened
and the working fluid from the fully filled compressing
vessel (1) starts filling the compressing vessel (2). The
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AtbilstoSi patentd sniegtajai informacijai gazes
uzkraSanas tvertnes (31) uzpilde norisinds atbilstoSi
sekojoSai  procedurai. leslédzot uzpildes iekartu,

aktivizéjas elektroniskais vadibas bloks (25), kas uzsak

darba programmas izpildi. Vienlaicigi tiek ieslégts
hidrauliskd sdkna elektrodzingjs (6) un atvérts
elektromagnétiskais varsts (35), elektromagnétiskais

varsts (9) tiek parslégts stavoklt, kas savieno saspieSanas
cilindru (1) ar augsta spiediena caurulvadu (7), bet varsts
(12) - stavoklt, kas savieno saspieSanas cilindru (2) ar
zema spiediena caurulvadu (8). Darbojoties hidrauliskajam
stknim (5), Skidrums caur saspieSanas cilindra (2)
apaks$éjo atveri un atvérto varstu (12), pa zema spiediena
caurulvadu (8) caur zobratu sikni (5), pa augsta spiediena
caurulvadu (7), caur atvérto elektromagnétisko varstu (9)
un saspiesanas cilindra (1) apakséjo atveri tiek parstknéts
uz saspieSanas cilindru (1), no kura gaze caur
vienvirziena varstu (17) un pa spiedvadu (21) tiek
parvietota uz uzkraganas tvertni (31). So procesu pavada
saspieSanas cilindra (2) pakapeniska uzpilde ar gazi,
samazinoties Skidruma lTmenim, un gaze pienak no zema
spiediena gazes vada (28) caur atvértu elektromagnétisko
varstu (35). Skidrumam (30) sasniedzot specialu kustigo
cilindrisko noslégelementu varsta konstrukcija, tiek padots
signals uz elektronisko vadibas bloku (25) Skidruma
plismu parslégSanai reversa rezima. Tiek aizverti
elektromagnétiskie varsti (9) un (12), bet atvérti varsti (10) un
(11), un Skidrums no pilntba uzpildita saspieSanas cilindra (1)
tiek parvietots uz saspieSanas cilindru (2). Saspiestas gazes
parvietoSanas process no saspieSanas cilindra (2) un
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process of displacement of the gas from compressing
vessel (2) and of filing the compressing vessel (1) is
similar to the process described above. The repetition of
gas filling displacement and fluid (30) pumping cycles
results in gradual increase of gas pressure in the outlet
pipeline (21) (filling the accumulating vessel (31)). The
pressure in the outlet pipeline (21) is monitored by means
of the electric contact manometer (24). Once a target
pressure in the outlet pipeline (21) has been reached, the
manometer (24) sends signal to the electronic control
unit (25), and then, on response of the fluid-level sensor (4)
of the compressing vessel (2) full with the working fluid, the
electronic control unit (25) issues a command to stop the
operation of the gas — filling device in the initial condition
prepared to begin the filling of the fuel tank of the vehicle (22).
There was realized calculation to analyze
thermodynamical processes and to check operation of
system, as also realized prototype, which could allow to
compare results of theoretical and experimental research.

RESULTS
Theoretical research

In the results of research there were done calculations
using thermodynamical legitimacies and heat transfer
laws. Calculations were done using the same dimensions
of vessels, connections and other details as it is
prescribed to use in preparation of the real prototype.

Taking into account that tests of the system will be
done at ambient environment temperature t,,=20°C and
temperature of methane flowing in compresing vessel t; is
20°C; pressure at normal conditions p,=101.325 kPa,
barometric pressure p,=99.991 kPa, manometric pressure
of methane flowing in compresing vessel pin=19.998 kPa,
manometric end pressure in accumulating vessel pzym=20
MPa, and using elementary legitimacies is possible to find
out necessary basic parameters:
Density of methane in normal conditions;
Density and volume of methane at inflow parameters;
Value of compression and volume of accumulation vesels;
Mass of methane sucked in compressing vessel;
Absolute final pressure in accumulation vessel;
Mass of methane at the final pressure in accumulating vessel.
In the result of calculation was established that there is
necessary to realize 169 compression cycles to get
necessity final pressure. Attention was converted also to
the changes of methane final temperature at the end of
the separate compression cycles. As compression
process is a polytropic, then there was accepted
appropriate polytropic index. Realizing further calculations
there was obtained also changes of values of the final
temperature of methane depending from pressure at the
end of compression process, which is shown in Fig. 2.
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saspieSanas cilindra (1) uzpildes process ar gazi ir
analogisks tam, kas ir aprakstits augstak. Atkartojot gazes
Luzpildes-saspieSanas” ciklus un $kidruma (30)
parsuknéSanas ciklus, pakapeniski paaugstinas gazes
spiediens spiedvada (21) (norisinas uzkraSanas tvertnes
(31) uzpilde). Gazes spiediens spiedvada (21) tiek
kontroléts ar elektrokontaktmanometru (24). Kad spiedvada
(21) ir sasniegts uzdotais robezspiediens, manometrs (24)
padod signalu uz elektronisko vadibas bloku (25), kam seko
iekartas darbibas turpinasanas Iidz bridim, kad saspie$anas
cilindra (2) Skidrums sasniedz aug$éjo pielaujamo robezu
un nostrada devéjs (4). Sapemot signalu no $T1 devéja,
vadibas bloks (25) partrauc uzpildes iekartas darbibu
robezstavoklt, kads nepiecieSams, lai uzsaktu automobila
(22) balona uzpildes proceduru.

Tika veikts aprékins termodinamikas procesa norisei
un iekartas darbibas parbaudei, ka ari izveidots iekartas
prototips, kas |autu salidzinat teorétisko un eksperimentalo
pétijumu rezultatus.

REZULTATI
Teorétiskie pétijjumi

Pétljumu rezultatd tika veikti aprékini izmantojot
termodinamiskas likumsakaribas un siltuma parejas
sakartbas. Aprékini tika veikti, izmantojot cilindru,
savienojumu u.c. detalu izmérus, kadus ir paredzéts
izmantot reala prototipa izveidé.

Nemot véra, ka sistémas izméginajumi tiks veikti pie
apkartéjas vides temperatiiras t,,=20°C un saspieSanas
cilindra iepllsto$a metana temperatira t; arT sastada 20°C;
normalo apstak|u spiediens p,=101,325 kPa, barometriskais
spiediens pp=99,991 kPa, saspieSanas cilindra ieplustosa
metdna manometriskais spiediens p1n=19,998 kPa,
manometriskais beigu spiediens uzkraSanas tvertné paom=20
MPa, un izmantojot elementaras likumsakaribas var noteikt
nepiecieSamos pamatparametrus:

Metana blivumu normalos apstaklos;

Metana blivumu un tilpumu pie ieplides parametriem;
Kompresijas vértibu un saspieSanas cilindru tilpumu;
SaspieSanas cilindra iestktd metana masu;

Absoldto beigu spiedienu uzkréSanas tvertné;

Metana masu pie beigu spiediena uzkrasanas tvertné.
Aprékinu rezultata konstatéts, ka nepiecieSama
beigu spiediena iegd8anai ir nepiecieSamas 169
saspieSanas cikla reizes. Uzmaniba tika pievérsta arT
metana beigu temperatiras izmainam atsevisko
saspieSanas ciklu beigas. Ta ka saspieSanas process ir
politropisks, tad aprékinos tika pienemts attiecigais
politropas pakapes raditajs. Veicot talakus aprékinus,
tika iegltas armT metana beigu temperatiras vértibu
izmainas atkariba no spiediena saspieSanas procesa
beigas, kas paradttas 2. attéla.
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Fig. 2 — The changes of the final temperature of methane at the end of compression process /
Metana beigu temperatiras izmainas saspieSanas procesa beigas

Compression process is connected with flowing of the heat,
therefore in that case is important also the amount of flowed
heat Q. (kJ), which can be calculated using formula:

:M _
Q =M, ——

n_
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SaspieSanas process ir saistits ar siltuma novadiSanu,
tapéc bitisks dotaja gadijuma ir armt novadita siltuma
daudzums Q, (kJ), ko nosaka péc formulas:

(-1, @
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where M - mass of methane sucked in compressing vessel, kg;
Cv - heat capacity of methane, kJ/(kg-K);
n - polytropic index;
k - adiabatic index;
t1 - temperature of methane flowing in compresing vessel, °C;
t - the final temperature of methane in compressing vessel at
the additional stages of the cycles, °C.
Calculated values of the amount of the flowed heat are
summarized in Tab.1.
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kur M - saspieSanas cilindra iesikta metana masa, kg;
Cv - metana siltumietilptba, kJ/(kg-K);
n - politropas pakapes raditajs;
k - adiabatas pakapes raditajs;
t1 - saspieSanas cilindra ieplisto$a metana temperatira, °C;
t, - saspie8anas cilindra eso$a metana beigu temperatira
attiecigajos ciklu posmos, °C.
Aprékinos ieglta novadita siltuma daudzuma vértibas
apkopotas 1. tabula.

Table 1/ 1. tabula

Absolute values of the amount of flowed heat in the polytropic compression process /
Novadita siltuma daudzuma absoliitas vértibas politropiska saspiesanas procesa

Temperature of methane The final temperature of Difference of The amount of flowed heat /
flowing in the vessel / methane in the vessel / temperatures / Novadita siltuma daudzums
Cilindra ieplastosa metana Cilindra esosa metana beigu Temperatiiru starpiba Qn [kJ]
temperatira t, [°C] temperatira t, [°C] to-t1 [°C]

20 22.9/229 29/29 2.7512,75

20 32.4/32,4 12.4/12,4 11.7/11,7

20 42.2142,2 22.2122,2 21.0/21,0

20 46.5 /46,5 26.5/26,5 25.2/25,2

20 A47.7 1 47,7 27.7127,7 26.3/26,3

20 49.1/49,1 29.1/29,1 27.6/27,6

20 49.9/49,9 29.9/29,9 28.4 /28,4

20 50.6 /50,6 30.6/30,6 29.1/29,1

20 50.9/50,9 30.9/30,9 29.3/29,3

For the evaluation of the amount of heat from heat
transfer process, there were defined other required
parameters: surface of heat dividing, speed of fluid rising,
etc. During the calculation of the surface of heat dividing
suppose that lower base of vessel does not deliver heat in
ambient environment because it is covered by fluid layer.

As the productivity of the pump Q_ is known, which is

10 liters per minute, it is possible to calculate speed V,, of
fluid rising in compressing vessel during the process, as
also time tsk during which fluid fills the compressing

vessel. In the result of calculation was established that
there are necessary 4.9 minutes to fill the vessel.
The amount of heat Q_ (kJ) from heat transfer position

can be find out from following formula:

o - KF(t, -t, )

1000

where K - heat transfer coeffcient (taking into account that heat
moves from one gaseous environment to another);

F - surface of heat dividing, mz;

t2 - the final temperature of methane in compressing
vessel at the additional stages of the cycles, °C;

t,, - ambient environment temperature, °C.

T - length of compression process, s.
Calculated values of the amount of heat from heat
transfer process are summarized in Tab.2.

Lai novértétu novadito siltuma daudzumu no siltuma
parejas viedokla, tiek noteikti citi nepiecieSamie parametri:
siltumu atdodo$a virsma, Skidruma Ilimena pacelSanas
atrums u.c. Nosakot siltuma atdodoSo virsmu pienem, ka
cilindra apak$éja pamatne siltumu apkartéja vidé neatdod,
jo dotaja gadijuma to nosedz noteikts Skidruma slanis.

Zinot stikna raZibu Q,, kas dotajam stknim ir 10 litri
mindte,

tiek aprékinats Skidruma mena pacelSanas

atrums V,, saspieSanas cilindra procesa laika un arf laiks

tsk, kura Skidrums piepilda saspieSanas cilindru. Aprékinu
rezultatd tiek konstatéts, ir
nepiecieSamas 4.9 mindtes.

Parvadito siltuma daudzumu Q_ (kJ) no siltuma parejas

ka cilindra piepildiSanai

viedok|a jau var noteikt péc sekojosas formulas:

@

kur K - siltuma parejas koeficients (tiek nemts véra, ka
siltums pariet no vienas gazveida vides otra);

F - siltumu atdodoga virsma, m2;

t2 - saspieSanas cilindra eso$a metana beigu
temperatira attiecigajos ciklu posmos, °C.

t,, - apkartéjas vides temperatira, °C.

T - saspieSanas procesa ilgums, s.

Aprékinos iegdta novadita siltuma daudzuma veértibas
no siltuma parejas viedokla apkopotas 2. tabula.

Table 2/ 2. tabula

Values of the amount of heat from heat transfer process / Novadita siltuma daudzuma vértibas no siltuma parejas viedokla

Ambient environment The final temperature of Difference of The amount of heat /
temperature / methane in the vessel / temperatures / Siltuma daudzums
Apkartéjas vides temperatiira Cilindra esosa metana beigu Temperatiiru starpiba Q. [kJ]
tay [°C] temperatira t, [°C] to-tay [°C]
20 22.9/22)9 29/29 2.85/2,85
20 324/324 12.4/12,4 12.2/12,2
20 42.2142,2 22.2122,2 21.8/21,8
20 46.5/46,5 26.5/26,5 26.0/26,0
20 47.7147,7 2171277 27.2127,2
20 49.1/49,1 29.1/29,1 28.6 /28,6
20 49.9/49,9 29.9/29,9 29.41/29,4
20 50.6 /50,6 30.6/30,6 30.1/30,1
20 50.9/50,9 30.9/30,9 30.4/30,4
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Experimental research

Experimental prototype (Fig. 3) was a base for
experimental investigation and within the framework of
proper measurements were determined time t, (vessel

filling with fluid), vessel final pressure ., final heating
temperature ¢, in every cycle.

Results of the experimental research confirmed that
the process of filling of the vessel with fluid and forcing out
of the gas from it can be realized without deflections and in
correspondence with safety measures. The filling of the
vessel was carried out within ~5 minutes. Vessel and electric
drive system complied with established safety measures.

INMATEH — icultural

Eksperimentalie pétijumi

Péc eksperimentala prototipa (3. att.) izveidoSanas
tika veikti arT attiecigie eksperimentalie pétijumi, kuru
ietvaros katra cikla tika noteikts cilindra piepildisanas laiks

(ar Skidrumu) ty cilindra beigu spiediens [ ka art

cilindra uzsilanas temperattra t, .

Eksperimentala pétijuma rezultati apstipringja, ka cilindra
piepildiSanas ar 8kidrumu un gazes izspieSanas process
noris bez novirzém un tiek realizéts atbilstoSi uzstaditajam
prasibam. Cilindra piepildiSanas laiks tika realizéts ~5 minasu
laika. Ne cilindra, ne arT elektromotora uzsilSana sistémas
darbibas laika neparsniedza uzstaditas drosibas prasibas.

Fig. 3 — Realized high pressure compressor system of gaseous fuel /
Izveidota gazveida degvielas augstspiediena kompresora sistéma

CONCLUSIONS

= LV pat. No. 13661 B “Method and device to compress
gaseous fuel for vehicles filling” describes device and
method how it works in real life conditions. The
invention may be applied for biomethane
compression;

= In the result of experimental research was approved
that the filling of one vessel is carried out within ~5
minutes.

= The prototype achieves the necessary pressure in time
due to the theoretical calculation.

= The prototype can give a rise for establishement of the
commercial sample, however the commercial sample
should be tested in long term conditions to be
convinced that the system and separate units of the
sample work properly.
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SECINAJUMI

= Patenta Nr. 13661 B “Gazveida degvielas saspieSanas
panémiens autotransporta uzpildei un gazes uzpildes
iekarta 81T panémiena realizacijai” ietvaros aprakstitais
izgudrojums un panémiens ir realiz€jams daba un var
tikt pielietots biometana saspieSanai;

= Eksperimentadlo pétijjumu rezultatd apstiprindjas, ka
viena cilindra piepildisanai nepiecieSamais laiks
sasniedz ~5 minates.

= lzveidotais prototips sasniedz nepiecieSamo spiedienu
teorétiskajos aprékinos konstatétaja laika perioda.

= |zveidotais prototips var kalpot par pamatu komerciala
modela izveidoSanai, tau péc ta izveides ir
nepiecieSams veikt ilgstoSaku komercidla modela
testéSanu, lai parliecinatos par visas iekartas un art
atseviSku mezglu bezatteikuma darbibu.
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DETERMINATION OF SOME SOIL PHYSICO-CHEMICAL CHARACTERISTICS USING FACTOR
ANALYSIS FOR SOIL TILLAGE IN VERTISOL AND ENTISOL

ENTISOL VE VERTISOLDE TOPRAK ISLEME iCiN FAKTOR ANALAZi KULLANARAK BAZI
TOPRAK FiZIKO-KIMYASAL OZELLIKLERININ BELIRLENMESI
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Abstract: Soil management is a subject that is receiving
increasing attention. It is considered to be important for
the assessment of the extent of land degradation or
amelioration, and for identifying management practices
for sustainable land use. This research was carried out in
Cetinkaya district of Bafra-Samsun province located on
alluvial land formed by Kizilirmak River as accumulated
sediment deposited at different times, show large
variations in their physical properties over short
distances. The main objective of this research is to
identify the most sensitive indicators of some soll
characteristics using factor analysis for evaluating soil
tillage in Vertisol and Entisol orders. For this aim, C, Si,
S, SOM, CaCO03, BD, PR, FC, PWP and AWC were
analyzed using factor analysis for both soil orders.
According to factor analysis results, investigated physico-
chemical soil properties in Vertisol were detected as
three groups. AWC (0.992), FC (0.986), SOM (0.978),
PWP (0.971) and CaCO3 (-0.988) have the highest
weight values in first group while, BD (0.815), S (0.801)
and C (-0.850) were determined as having the highest
weight values in second group. As for in last group, PR (-
0.920) was found. Moreover, investigated physico-
chemical soil properties in Entisol were detected as two
groups. C (0.992), AWC (0.979), PWP (0.976), FC
(0.952), SOM (0.908), S (-0.994) and BD (-0.989) have
the highest weight values in first group while, CaCO3
(0.840), Si (0.797) and PR(0.728) were determined as
having the highest weight values in another group.

Key words: Factor Analysis, Soil Tillage, Vertisol and
Entisol

INTRODUCTION

Soil management is a subject that is receiving
increasing attention. It is considered to be important for
the assessment of the extent of land degradation or
amelioration, and for identifying management practices for
sustainable land use. For a specific site, assessment will
be influenced by many factors including tillage, crop
rotation, animal or greenmanure applications and other
management factors, as well as climate and soil type.
Ideally soil phsico-chemical quality should be easy to
measure, able to reflect changes in soil functions,
sensitive to variations in management, and accessible to
as many users as possible (Shukla et al., 2006).
Furthermore, the site-specific nature of soil quality may
actually require different soil property measurements
depending upon the specific agroecosystem for which the
assessment is being made (Govaerts et al., 2006; Rezaei
et al., 2006; Shukla et al., 2006; Yemefack et al., 2006;
Marinari et al., 2006). Therefore, the first step toward soil
physico-chemical quality assessment is the selection of
soil indicators, that is the soil properties and processes
that will provide a minimum data set for evaluation.
However, few studies have been devoted to actually
determining the minimum set of indicators for soil quality
assessment in the Bleack Sea region. Although this paper
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Ozet: Son yillarda, toprak yénetimi arazi degredasyon
veya rehabilitasyon degerlendirme calismalarinda veya
sdrddirdlebilir bir arazi kullaniminda ortaya konulacak
uygulama pratiklerinin belirlenmesinde énemli bir konu
olmaktadir. Bu c¢alisma, Kizilirmak Nehrinin biriktirmig
oldugu sedimentler (izerinde olusmug bu nedenle kisa
mesafeler igerisinde ¢ok farkli &zellikler sergileyen
aluviyal arazilerin yer aldigi Samsun- Bafra ilgesine ait
Cetinkaya bélgesinde gergeklestirilmistir. Bu ¢alismanin
ana amacini, Vertisol ve Entisol ordolarina ait
topraklarda, toprak isleme degerlendiriimesine yd&nelik
faktoér analizi kullanilarak bazi toprak karakteristiklerinin
daha hassas indikatérlerinin belirlenmesini kapsamaktadir.
Bu amacla, faktér analizi kullanilarak her iki toprak ordosu
icin C, Si, S, SOM, CaCO3, BD, PR, FC, PWP ve AWC
analiz edilmigtir. Faktdér analiz sonucuna gére, Vertisol
topraklarda incelenen fiziko-kimyasal toprak 6zellikleri ¢
gurup altinda toplanmustir. ik grupta AWC (0.998), FC
(0.986), SOM (0.978), PWP (0.971) ve CaCO3 (-0.988) en
yliksek agirlik dederlerine sahip iken, ikinci grupta BD
(0.815), S (0.801) ve C (-0.850) en yiiksek adgirlik
degerlerine sahip oldugu belilenmigtir. Son grupta ise PR
(-902) belirlenmistir. Ayrica Entisol topraklarda incelenen
fiziko-kimyasal toprak &zellikleri ise iki gurup altinda
toplanmigtir. C (0.992), AWC (0.979), PWP (0.976), FC
(0.952), SOM (0.908), S (-0.994) ve BD (-0.989) ilk grup
icerisinde en yiiksek agirlik degerlerine sahip iken, diger
grupta CaCO3 (0.840), Si (0.797) ve PR (0.728) olarak
belirlenmistir.
Anahtar Kelimeler: Toprak Isleme,
Vertisol ve Entisol

Faktor Analizi,

GIRIS

Son vyillarda, toprak yodnetimi, arazi degredasyon
veya rehabilitasyon degerlendirme calismalarinda veya
surdurdlebilir arazi  kullaniminda ortaya konulacak
uygulama pratiklerinin belirlenmesinde 6nemli bir konu
haline gelmistir. Bir alanin degerlendiriimesinde toprak
isleme, bitki rotasyonu, glibre uygulamalari ve diger
yonetim faktorlerinin yani sira, iklim ve toprak cesidi gibi
bircok faktor etkili olabilmektedir. Ideal olarak fiziko-
kimyasal toprak kalite durumunun ortaya konulmasi
kolay olcllebilir ve toprak fonksiyonundaki degisimleri
yansitabilir, farkli yénetimlere duyarli ve birgcok kullanici
acisindan ulasabilir imkanda olmaldir (Shukla et al.,
2006). Ayrica, bir alanin dogal toprak kalitesi spesifik
agro-ekosistem degerlendirmesine bagl olarak farkh
toprak  oOzelliklerinin  glincel &lgimsel degerlerine
gereksinim duymaktadir (Govaerts et al., 2006; Rezaei et
al., 2006; Shukla et al., 2006; Yemefack et al., 2006;
Marinari et al., 2006). Bu nedenle, fiziko-kimyasal toprak
kalite degerlendirmesinde ilk adim toprak indikatérlerinin
secilmesidir ki degerlendirmede toprak o&zellikleri ve
islemler minimum veri setiyle olusturulmalidir. Fakat
Karadeniz Bolgesinde toprak kalite degerlendirmesi igin
minimum indikatorlerin belirlenmesine yoénelik ¢cok az
calisma bulunmaktadir. Bu ¢alisma, Entisol ve Vertisol
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deals specifically with some soil physico-chemical quality
for soil tilage and management systems of Entisol and
Vertisol, it should be also realised that this has big effects
on chemical and biological process in the sail.

The site had been cultivated using conventional
tillage and used for cereal and vegetables production for
decades. The main objective of this research is to identify
the most sensitive indicators of some soil characteristics
using factor analysis for evaluating soil tillage in Vertisol
and Entisol orders.

MATERIAL AND METHOD
Field description

This study was carried out in Samsun-Bafra delta
plain and near district. The Bafra Plain found in the
Kiziirmak Delta and located in the central Black Sea
region of Turkey. The current climate in the region is
semi-humid. The summers are warmer than winters (the
average temperature in July is 22.2 and in January is 6.9
oC). The mean annual temperature, rainfall and
evaporation are 13.6 °C, 764.3 mm and 726.7 mm
respectively. According to Soil Taxonomy (1999), the
study site has mesic soil temperature regime and ustic
moisture regime. Major physiographic units of the study
area are river terraces and flood plain. Particularly river
alluvial terraces involve old and young are common and
they have slightly sloped (0.0-2.0%). The majority of
research soils formed on alluvial deposit were classified
as Entisol (on young terrace lands) and Vertisol (on old
terrace lands) in Soil Taxonomy (1999). The study area is
predominantly used for intensive irrigated agriculture
activities. Presently, the irrigation systems used by
farmlands are furrow, drip and sprinkler irrigation
systems. Rice, wheat, maize, pepper, watermelon,
cucumber and tomato with sprinkler and furrow irrigations
in the summer, and cabbage and leek in the winter have
been produced in the study area. The main water
resource of this area is Kizilirmak River.

Soil properties and analysis

Some descriptive soil physico-chemical properties of
Entisol and Vertisol were given in Table 1 and Table 2. In
addition, penetration resistance (PR) was measured in
field. Soil physical and chemical properties that have
been taken into consideration in this research showed
variability at short distance in study area formed on
accumulated sediment depositions carried by Kizilirmak
River.

Soil texture varied from sandy loam and loam through
to clay across the both soils of all profiles. Vertisol had
the highest clay content (72%), whilst Entisol had the
highest sand content (66%). On the other hand, Entisol
had a higher bulk density than Vertisol due to its high
sand content. Soil organic matter content ranged from
1.1% to 2.3% in upper horizons of all soil maples. These
low organic matter levels are attributable to rapid
decomposition and mineralization of organic matter due
to cultivation practices.
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topraklarin toprak isleme ve yonetim sistemlerine yonelik
bazi fiziko-kimyasal toprak kalite ¢zelliklerini icermesine
ragmen, bu 6zelliklerin topraklarin kimyasal ve biyolojik
surecleri Uzerine de etkili oldugu bir gergektir.

Geleneksel toprak isleme yontemi uygulanmig araziler
tahil ve sebze Uretiminde kullaniimaktadir. Bu galismanin
ana amacini, Vertisol ve Entisol ordolarina ait topraklarda,
toprak isleme degerlendirimesine yonelik faktor analizi
kullanilarak bazi toprak karakteristiklerinin daha hassas
indikatorlerinin belirenmesini olusturmaktadir.

MATERYAL VE YONTEM
Alan Tanimlama

Bu c¢alisma Samsun-Bafra Delta ovasi ve yakin
cevresinde yurutilmustir. Bafra ovasi Turkiye'nin Orta
Karadeniz bolgesinde yer alan Kizilirmak Deltasinda
bulunur. Bélgenin hakim iklim tipi yari kurak iklim tipidir.
Yazlar kiglarindan daha sicaktir. Temmuz ayinda
ortalama sicakligi 22,2 °C ve Ocak ayi ortalama sicaklig!
6.9 °C’dir. Yillik ortalama sicaklik, yadis ve buharlasma
degerleri sirasiyla 13.6 °C, 764.3 mm ve 726,7 mm’dir.
Toprak taksonomisi (1999)'ne gore, ¢alisma alani mesic
toprak sicaklik rejimine ve ustic nem rejimine sahiptir.
Calisma alaninin temel fizyografik birimleri nehir teraslar
ve tagkin ovasidir. Ozellikle yash ve geng aluviyal nehir
teraslari yaygindir ve % 0,0-2,0 arasinda hafif egime
sahiptirler. Aluviyal depozitler Gizerinde olusan arastirma
topraklari ¢odunlukla toprak taksonomisi (1999)ne gore
entisol (geng teraslar lizerinde) ve vertisol (yash teraslar
Uzerinde) olarak siniflandinimislardir. Calisma alani
biyuk ¢ogunlukla yogun sulamali tarim uygulamalari icin
kullanilmaktadir. Ginimizde ekilen alanlarda kullanilan
sulama sistemleri karik, damla ve yagmurlama sulama
sistemleridir. Calisma alaninda yaz déneminde karik ve
yagmurlama sulama sistemleriyle birlikte piring, bugday,
misir, biber, karpuz, salatalik ve domates yetistirilirken,
kis ddoneminde lahana ve pirasa yetistiriimektedir. Bu
alanin temel su kaynagi Kizilirmak Nehri'dir.

Toprak 6zellikleri ve analizler

Entisol ve Vertisol topraklarin bazi tanimlayici fiziko-
kimyasal 6zellikleri Tablo 1 ve 2’de verilmistir. Ayrica alan
icerisinde penetrasyon direnci (PR) dlgimleri de yapilmistir.
Kizihrmak nehri tarafindan taginarak biriktirilen sediment
depozitleri Uzerinde olusan calisma alaninda incelenen
toprak fiziksel ve kimyasal oOzellikleri kisa mesafelerde
degiskenlikler gdstermigtir. Toprak teksturi butiun toprak
profillerinde kumlu tin ve tindan kile kadar degismigtir.

En yilksek kum iceriine % 66 ile Entisol toprak
sahipken en yilksek kil iceridi ise % 72 ile Vertisol toprakta
bulunmustur. Bununla birlikte, Entisol topraklar yiksek kum
icerigi nedeniyle Vertisol topraklardan daha yiiksek hacim
agirhgi degerlerine sahip olmustur. Toprak organik madde
icerigi butiin toprak profillerinin tst horizonlarinda % 1,1°den
% 2,3'e degismistir. Bu dugslik organik madde seviyelerinin
nedeni olarak farkli Gretim uygulamalarinin neden oldugu
organik maddenin hizli ayrismasi ve mineralizasyonu
gosterilebilir.

Table 1/ Tablo 1

Some physico-chemical properties of Entisol (Sarioglu and Dengiz, 2012) / Entisol topraklarin bazi fiziko-kimyasal 6zellikleri

Horizon | DePth Texture (%) B.D SOM caco3 FC PWP AWC
@ [cls] s | @ma | o (%) (%) (%) (%)
Ap 024 | 25 | 44 | 31 | 149/1,49 | 11/11 | 13.9/139 | 26.9/269 | 114/114 | 155/155
c1 2457 | 9 | 43 | 48 | 165/165 . 142/142 | 17.2/17,2 | 58/58 | 11.4/114
c2 5788 | 8 | 31 | 61 | 1.64/164 . 143/143 | 136/136 | 49/49 | 87/87
C3g 88+ | 8 | 26 | 66 | 1.65/4,65 : 13.4/134 | 13.0/130 | 46/46 | 84/84
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Table 2/ Tablo 2
Some physico-chemical properties of Vertisol (Sarioglu and Dengiz, 2012) / Vertisoll topraklarin bazi fiziko-kimyasal 6zellikleri

| Horizo Depth Texture (%) BD SOM CaCo03 FC PWP AWC
n (cm) o) Si S (gr cm-3) (%) (%) (%) (%) (%)
Ap 0-19 49 34 17 1.39/1,39 | 23/23 6.3/6,3 36.8/36,8 23.8/23,8 13
A2 19-44 49 36 15 1.40/1,40 15/15 74174 30 21.3/21,3 8.7/8,7
Bssl 44-69 61 30 9 1.29/1,29 16/1,6 11.4/11,4 39.4/39,4 21.5/215 17.9/17,9
Bkss2 69-111 56 38 6 1.30/1,30 | 0.6/0,6 | 18.7/18,7 37.1/37,1 23.3/23,3 13.8/13,8
C 111+ 72 21 7 1.27/1,27 | 0.7/0,7 8.5/8,5 49.9/49,9 27.1/27,1 22.9/22,9

C: Clay, Si: Silty, S: Sand, BD: Bulk Density, SOM: Soil Organic Matter, FC: Field Capacity, PWP: Permanent Wilting Point, AW C: Available water Capacity

Statistical analysis

Total 40 soil samples were taken from the study area for
vertisol (20) and entisol (20) soils. Soail's physical and chemical
properties were determined by means of appropriate
methods. Texture (Bouyoucous 1951), bulk density (Blake
and Hartge 1986), field capacity (Klute 1986), permanent
wilting point (Klute 1986), penetration resistance (KAYNAK
VER ), soil organic matter (Jackson 1958), CaCO3 (Allison
ve Moodie 1965), analysis were carried out over solil
samples. The available water content was estimated by the
difference between the water content at field capacity and
the water content at permanent wilting point.

The soil properties were analyzed using classical
statistical methods to obtain descriptive statistics such
as mean values, standard deviation, coefficient of
variation (CV), kurtosis, and skewness (Wendroth et al.
1997). The CV was used to describe the amount of
variability for each soil parameter. Pearson linear
correlations among soil parameters were calculated using
SPSS software (Swan and Sandilands 1995) and were
used to establish relationships among the soil variables.

Factor analysis was used to group the 10 soil
variables into factors based on the correlation matrix of
the variables using factor module and the principal
component analysis method of factor extraction in
SPSS 17.0 software (Brejda et al. 2000). Principal
component analysis was used as the method of factor
extraction because it required no prior estimates of the
amount of variation of each soil variable that would be
explained by the factors. Only factors with eigenvalue
>1 were retained (Hair et al., 1987; Brejda et al. 2000)
and subjected to varimax rotation with Kaiser to
estimate the proportion of the variance of each soll
variable explained by each selected factor (loadings).

RESULTS AND DISCUSSION

Some descriptive statistical parameters of physico-
chemical soil properties such as minimum, maximum,
standard deviation (SD), coefficient of variation (CV),
skewness and kurtosis values of vertisol and entisol were
presented in Table 3. CV value of most physico-chemical
soil properties was determined as low in vertisol whereas,
this parameter was distributed among low, moderate and
high levels in entisol. If the CV value is lower than 15%,
variation class is called as low and if the CV value is found
between 15-35%, that class is described as moderate finally,
if the CV value is higher than 35%, CV is classified as high
level (Wilting, 1985). CV value was determined as low level
both vertisol and entisol in terms of CaCO3, Si and BD
whereas, CV value was found as moderate level for S and
AWC in both soils. Only CV value was classified as high level
for PR. In addition as for skewness, soils have low
skewness values and were seen normal distribution (Table 3).

Moreover, the results of Kolmogorov-Smirnov
analysis confirmed normal distribution of data set results
it was found closely parallel between both results.

Coloration analysis results of investigated
physicochemical properties for vertisol and entisol
were given in Table 4. It was found significantly

istatistiksel analizler

Vertisol topraklar ve entisol topraklar igin calisma
alanindan toplam 40 toprak o6rnegi alinmistir.
Topraklarin fiziksel ve kimyasal O6zellikleri uygun
yontemler yardimiyla belirlenmistir. Toprak érneklerinde
tekstir (Bouyoucous 1951), hacim agirhg: (Blake and
Hartge 1986), tarla kapasitesi(Klute 1986), daimi solma
noktasi (Klute 1986), penetrasyon direnci (Selvi 2003),
toprak organic maddesi (Jackson 1958) ve CaCO3 (Allison
ve Moodie 1965) analizleri yapilmistir. Yarayigh su igerigi
ise tarla kapasitesindeki nem igerigi ile daimi solma
noktasindaki nem igerigi arasindaki farktan hesaplanmistir.

Toprak Ozelliklerinin ortalama, standart sapma, varyasyon
katsayisi (CV), basiklik ve carpiklik gibi tanimlayici istatistik
degerlerini elde etmek icin klasik istatistiksel yontemler
kullaniimistir (Wendroth et al. 1997). Varyasyon katsayisi (CV)
her bir toprak parametresinin degigkenlik miktarinin
belirenmesi icin  kullanilir. Toprak 6zellikleri arasindaki
Pearson korelasyonu SPSS bilgisayar program kullanilarak
hesaplanmis (Swan and Sandilands 1995) ve toprak
ozellikleri arasindaki iligkileri belirlemek igin kullanilmstir.

Faktor analizi, degiskenlerin korelasyon matriksi
esas alinarak 10 toprak Ozelligini faktorler seklinde
gruplandirabilmek igin faktdér modull ve temel bilesenler
analizi kullanilarak SPSS 17.0 programinda yapilmigtir
(Brejda et al. 2000). Temel bilesenler analizi, faktorler
tarafindan agiklanabilen her bir toprak degiskeninin
degiskenlik miktarinin énceden tahminini gerektirmemesi
nedeniyle faktor belirleme ydntemi olarak kullaniimistir.
Yalnizca 6zdeg@eri >1 olan faktorler kabul edilmis (Hair
et al. 1987; Brejda et al. 2000) ve segilen her bir faktor
tarafindan aciklanabilen her bir toprak degiskeninin
varyans oranini tahmin etmek igin varimax rotasyonu
testi uygulanmigtir.

TARTISMA VE SONUC

Vertisol ve entisol topraklara ait en kugik, en buyuk,
ortalama, standart sapma, degiskenlik katsayisi, ¢arpiklik
ve basiklik gibi tanimlayici istatistikler sirasiyla Tablo 3'de
sunulmustur. Vertisol toprakta, degiskenlik katsayisi (CV)
incelenen fiziko-kimyasal 6zelliklerin bliylik gcogunlugunda
disuk olarak belirlenirken, entisol toprakta degiskenlik
katsayisi dislik, orta ve yiksek siniflar arasinda
dagilmigtir. Degiskenlik katsayisi (CV) < %15 oldugunda
degiskenlik sinifi disik, % 15-35 arasinda orta ve > % 35
oldugunda ise yiksek olarak siniflandirilir. Degiskenlik
katsayisi hem vertisol hem de entisol topraklarda CaCOs,
Si, BD dustk, S ve AWC icin orta ve PR igin ylksek
olarak siniflandiriirken diger fiziko-kimyasal 6zelliklerin
degiskenlik siniflari  farkh  sekilde siniflandinimistir.
Carpiklik  katsayisi  incelendiginde ise  toprak
Ozelliklerinin dusuk cgarpiklik degerlerine sahip oldugu
ve normal dagihm gdsterdikleri gérilmektedir (Tablo 3).

Veri setinin normal dagiliminin kontrol edildigi
Kolmogorov-Smirnov testi sonuglari da bu sonuglarla
paralellik gostermektedir.

Vertisol ve entisol toprakta incelenen fiziko-kimyasal
Ozelliklere ait korelasyon analizi sonuglar Tablo 4'de verilmigtir.
Vertisol toprakta CaCO3z miktari OM, FC, PWP ve AWC ile
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negative coloration between CaCO3 and OM, FC,
PWP, AWC (p<0.01) in vertisol. However, BD was
only found significantly positive and negative
coloration soil textural components (p<0.01, p<0.05)
in the same soil. It was determined significantly
coloration (p<0.01) between some physical soil
properties such as FC, PWP, AWC, CaCO3 and OM
content and soil moisture which is very important
indicator for determining of tillage time and for
resistance of soil against to tillage whereas, it was
not found significantly coloration between PR that is
essential indicator for soil compaction and any soil
properties of vertisol. On the other hand, these cases
were found very variable in entisol such as BD was
detected significantly coloration among almost
physicochemical properties (p<0.01, p<0.05).
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Onemli negatif korelasyonlar gdsterirken (p<0,01), BD sadece
toprak tekstlir bilesenleriyle 6nemli pozitif ve negatif
korelasyonlar gostermistir (p<0,01, p<0,05). Topraklarin
islenebilirlige karsi direncini ve isleme zamanini énemli
oranda belirleyen toprak nemi ile iligkili fiziksel 6zellikler
olan FC, PWP and AWC; CaCO3; ve OM miktari ile dnemli
korelasyonlar (p<0,01) ortaya koyarken toprak sikismasinin
gostergesi olan PR vertisol toprakta hicbir toprak 6zellii ile
onemli korelasyonlar sergilememigstir (Tablo 4). Entisol toprakta
ise toprak igslemeye bagl olarak degdiskenlik gosterebilen
BD, PR, FC, PWP ve OM gibi 6zellikler incelenen fiziko-kimyasal
Ozelliklerin blylk g¢ogunluguyla énemli korelasyonlar ortaya
koymustur. BD incelenen tim fiziko-kimyasal ozellikler ile
onemli korelasyonlar gosterirken (p<0,01, p<0,05); OM,
PR, FC ve PWP Si igerigi hari¢ incelenen diger 6zellikler ile
onemli korelasyonlar géstermistir (p<0,01, p<0,05).

Table 3/ Tablo 3

Descriptive statistics of some physico-chemical properties of Vertisol and Entisol /
Vertisol ve Entisol topraklarin bazi fiziko-kimyasal 6zelliklerinin tanimlayici istatistikleri

OM: Organic matter, C: Clay, Si: Silt, S: Sand, BD: Bulk density, FC: Field capacity, PWP: Permanent wilting point, AWC: Available water content, PR:

Iifcglperties Unit Min. Max. Mean S.D. CV., % Skewness Kurtosis
Vertisol
CaCO3 % 6.3/6,3 74174 6.85/6,85 0.57/0,57 8.29/ 8,29 0.00/0,00 -2.17/-2,17
OM % 15/15 2.3/23 1.90/1,90 0.42/0,42 22.24 122,24 -0.04/-0,04 -1.95/-1,95
C % 40 56 49.00/49,00 | 3.70/3,70 7.55/7,55 0.00/0,00 -0.45/-0,45
Si % 28 40 35.00/35,00 | 2.43/2,43 6.94/6,94 0.10/0,10 -0.01/-0,01
S % 11 21 16.05/16,05 | 2.76/2,76 17.21/17,21 -0.01/-0,01 -0.78/-0,78
BD o] cm™ 1.33/1,33 | 1.45/1,45 1.39/1,39 0.03/0,03 2.11/2,11 0.21/0,21 -0.98/-0,98
FC % 29.5/29,5 | 37.5/37,5 | 33.40/33,40 | 3.50/ 3,50 10.49/10,49 0.00/0,00 -2.19/-2,19
PWP % 20.5/205 | 24.4/24,4 | 22.55/22,55 | 1.33/1,33 5.89/5,89 0.10/0,10 -1.89/-1,89
AWC % 8.4/8,4 13.5/13,5 | 10.85/10,85 | 2.22/2,22 20.46 / 20,46 0.02/0,02 -2.17/-2,17
PR MPa 0.6/0,6 2.44 12,44 1.44/1,44 0.55/0,55 38.41/38,41 0.32/0,32 -1.07/-1,07
Entisol

CaCO3 % 13.9/13,9 | 14.2/14,2 14.1/14,1 0.24/0,24 1.67/1,67 0.00/0,00 -0.45/-0,45
OM % 0.2/0,2 1.1/11 0.66 /0,66 0.47 /0,47 71.32/71,32 0.11/0,11 -1.94/-1,94
C % 9 25 17.0/17,0 8.37/8,37 49.22 /49,22 0.02/0,02 -2.04/-2,04
Si % 37 49 43.5/43,5 1.54/1,54 3.54/3,54 0.00/0,00 -1.00/-1,00
S % 27 48 39.5/39,5 8.94/8,94 22.64 /22,64 0.03/0,03 -1.99/-1,99
BD g cm™ 1.49/1,49 | 1.65/1,65 1.57/1,57 0.09/0,09 5.50/ 5,50 -0.03/-0,03 -2.07/-2,07
FC % 17.2/17,2 | 26.9/ 26,9 22.1/22,1 4.98 /4,98 22.58 /22,58 0.00/0,00 -2.23/-2,23
PWP % 5.8/58 |114/114 | 8.60/8,60 2.88/2,88 | 33.47/33,47 0.00/ 0,00 -2.221-2,22
AWC % 11.4/114 ]| 15.4/154 13.5/135 2.11/211 15.68/ 15,68 0.00/0,00 -2.20/-2,20
PR MPa 0.44/0,44 | 3.57 /3,57 1.62/1,62 0.99/0,99 | 61.14/61,14 0.69/0,69 -0.69/-0,69

Penetration resistance

Corelations among some physico-chemical properties of Vertisol and Entisol /
Vertisol ve Entisol topraklarda bazi fiziko-kimyasal 6zellikler arasindaki korelasyonlar

Table 4/ Tablo 4

| CaCO; | oM C | Si | S | BD | Fc ] PWP | AWC
Vertisol
OM _ [-0.961/-0,961 [*
c -0.048/-0,048 | [-0.007 /-0,007
Si 0.427 10,427 -0.425/-0,425 | [-0.252/-0,252
S -0.367 /-0,367 0.385/0,385 -0.572/-0,572 * | 0.275/ 0,275
BD 0.145/ 0,145 -0.191/-0,191 | |-0.594/-0,594 [**| 0.500/0,500 [* | 0.456 /0,456 [*
FC -0.990/-0,990 [*| 0.947/0,947 | 0.007 /0,007 -0.416/-0,416 0.382/0,382 | [-0.150/-0,150
PWP | -0.960/-0,960 [**| 0.935/0,935 [*| 0.009 /0,009 -0.396 /-0,396 0.382/0,382 | |-0.166/-0,166 %%%77/ prx
IAWC | -0.988/-0,988 [*| 0.984/0,984 [ |-0.008/-0,008 | |[-0.427/-0,427 0.402/0,402 | |-0.152/-0,152 %%7799/ prx %%‘277/ e
0.254/- 0278/ -0.239/
PR 0.269 /0,269 -0.262/-0,262 | |-0.073/-0,073 | |[-0.177/-0,177 0.008/0,008 | |-0.110/-0,110 0.254 0278 0.239
Entisol
oM [-0.721/-0,721 [** [ ] [
Cc -0.519/-0,519 [*| 0.932/0,932 o | |
Si 0.436 /0,436 0.222/0,222 0.495/0,495 [*
s 0.503/0,503 | *|-0.929/-0,929 |**] -0.991/-0,991 [**[-0.509 /-0,509] *
BD 0.541/0,541 |*[-0.932/-0,932 |**[-0.992/-0,992 [**]-0.470/-0,470] * | 0.996 / 0,996 **
FC -0.680/-0,680 [**] 0.973/0,973 [**| 0.974/0,974 [**| 0.301/0,301 -0.968 / -0,968 [ **[ -0.978 /0,978 =+
PWP |-0.612/-0,612 [**| 0.964/0,964 [*[ 0.989/0,989 |**| 0.387/0,387 -0.985 /-0,985|**| -0.991 / -0,991 [**]0.995/ 0,995 o
awc | 0-599/-0,599 |*| 0.958/0,958 |**| 0.992/0,992 |**| 0.404/0,404 -0.988 /-0,088 || 0.993 / -0,993 |**| 0.994 /0,904 . 00'?99999’ hid
- - R R R * -0.540/ |] -0.526/
bR 0.641/0,641 -0.598 /-0,598 [**| -0.474/-0,474 | * | 0.268/ 0,268 0.470/ 0,470 0.495/0,495 | *|-0573/-0573}, " 0526 |F

OM: Organic matter, C: Clay, Si: Silt, S: Sand, BD: Bulk density, FC: Field capacity, PWP: Permanent wilting point, AWC: Available water content, PR:

Penetration resistance
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Soil is a complex medium, but for simplicity we can
think of it as a combination of solid mineral and organic
particles and pore space. Pore space allows for air and
water storage and movement in soils. Compaction
squeezes the soil and, since solids do not compress,
pore space is reduced (McKeys, 1985). Soil compacts
when pore space is reduced and bulk density is
increased. Therefore, any process that reduces pore
space causes soil compaction. Its major cause is traffic
over the fields. Causes of significantly correlation
between PR values well known that the penetration
resistance depends on the grain size of soils and
important indicator for compaction and other
physicochemical properties can be explained some soil
properties such as FC, PWP and C have moderate and
high coefficient of variation in entisol (Table 3). However,
homogeny distribution was found due to low coefficient
of variation of soil properties that cause strongly
correlation between BD, C, FC, PWP and PR in vertisol.

Factor analyses one of the statistical methods are
performed by examining the pattern of correlations (or
covariances) between the observed measures.
Measures that are highly correlated (either positively or
negatively) are likely influenced by the same factors,
while those that are relatively uncorrelated are likely
influenced by different factors (Hair et al., 1987; Brejda
et al., 2000; Kaspar et al., 2004). The results of factor
analyses belonged to vertisol and used commonly to
evaluate soil data were given in Table 5. According to
factor analyses, it was determined factor group of
eigenvalue more than 1 in vertisol. The first group
(Factor 1) formed from AWC, FC, OM, PWP and CaCO3
that related to soil moisture and those factors noted
53.07% of variance. In second Factor 2 formed from BD
and particle fractions such as S and C and it was
explained with 23.1% of total variance. Finally, Factor 3
formed from PR and comprised 11.72% of total variance.
Thus, after factor analysis, determined 3 groups involved
87.89% of total variance. In addition, more than 75% of
the detected three groups involve 9 features clarified
(Table 5). However, Si content was found insignificant
effect on soil tillage in vertisol.

INMATEH — icultural

Toprakta bulunan bosluklarin, mekanik bir yik
altinda uzaklagsmasi sonucu topragin birim hacmindeki
azalma veya hacim agirliginda meydana gelen artig
sikisma olarak tanimlanmaktadir (McKeys, 1985). Bu
olayda, topragin birim hacminde ki bosluklarda hava ve
su uzaklagirken, toprak tanecikleri yeniden diizenlenerek
daha az bir hacim igerisinde paketlenmektedir. Topragin
sikisma sonucu durumundaki degisim, toprak degisiminden
kaynaklanmaktadir. Bu degisim, alet veya makine gibi
mekanik etkilerle ya da kuruma veya nemlenme gibi
dogdal olaylarla ortaya ¢ikan kuvvetlerle meydana
gelmektedir. Toprakta sikismanin gostergesi olarak
kullanilan PR’nin Entisol toprakta diger fiziko-kimysal
Ozelliklerle sergiledigi énemli korelasyonlarin nedenleri,
FC, PWP ve C gibi toprak 6zelliklerinin sahip oldugu orta ve
yuksek degiskenlik katsayilari (Tablo 3) ile agiklanabilir.
Buna kargin Vertisol toprakta BD, C, FC ve PWP gibi PR
ile guglu korelasyonlar gostermesi beklenen toprak
Ozellikleri dusUk degiskenlik katsiyilarina sahip olmasi
nedeniyle homojen dagilimlar sergilemistir.

Faktor analizi genis dedisken gruplarini tanimlamak
ve Ozetlemek icin ¢ok degiskenli istatistiksel yontemlerden
biridir (Hair et al., 1987; Brejda et al., 2000; Kaspar et al.,
2004). Toprak verilerinin degerlendiriimesinde de yaygin
yaygin olarak kullanilan faktor analizinin Vertisol topraga
ait sonuclari Tablo 5de gérulmektedir. Faktér analiz
sonucuna gore, vertisol toprakta 6zdegeri (eigenvalue)
>1 olan Ug¢ faktdr grubu belirlenmigstir. Birinci faktor
(Faktér 1) AWC, FC, OM, PWP ve CaCOs gibi toprak su
icerigi ile iligkili 6zelliklerden olusmus ve toplam varyansin
% 53.07’sini agiklayarak en 6énemli faktér olmustur. Faktor
2 BD, S ve C gibi toprak tanecik fraksiyonu ve onun
degisiminden 6nemli oranda etkilenen Ozelliklerinden
olusmus ve toplam varyansin % 23,10’nu agiklamistir. PR
gibi toprak sikismasini ifade eden toprak fiziksel
Ozelliginden olugan Faktér 3 ise, toplam varyansin
%11.72'sini agiklarken faktor analizi sonrasinda belirlenen
Uc grup toplamda varyansin % 87,89'nu agiklamiglardir.
Ayrica belirlenen Ug¢ faktdr incelenen 9 Ozellige ait
degiskenliklerin % 75 ve daha fazlasini agiklamiglardir
(Tablo 5). Si igeriginin ise, vertisol topraklarda iglenebilirlik
Uzerine olan etkileri dGnemsiz bulunmusgtur.

Table 5/ Tablo 5

Values of factor for some physico-chemical properties of Vertisol /
Vertisol topraklarin bazi fiziko-kimyasal 6zelliklerine ait faktor analiz degerleri

Soil Properties Factor 1 Factor 2 Factor 3 Communality Estimates
AWC 0.992 /0,992 0.984 /0,984
FC 0.986 / 0,986 0.974 /0,974
oM 0.978 /0,978 0.958 /0,958
PWP 0.971/0,971 0.948 /0,948
CaCOg -0.988 / -0,988 0.981/0,981
BD 0.815/0,815 0.748/0,748
S 0.801/0,801 0.807 /0,807
Cc -0.850/-0,850 0.750/0,750
PR -0.920/-0,920 0.903 /0,903
Initial eigenvalue 5.32/5,32 2.35/2,35 1.13/1,13
Variance % 53.07 / 53,07 23.10/23,10 11.72/11,72
Cumulative variance % 53.07 /53,07 76.17 176,17 87.89/87,89

OM: Organic matter, C: Clay, Si: Silt, S: Sand, BD: Bulk density, FC: Field capacity, PWP: Permanent wilting point, AWC: Available water content, PR:

Penetration resistance

To determine effects of some physicochemical soil
properties on soil tillage, factor analyses was applied.
According to study results, AWC, FC, OM and PWP that
are inside in Factor 1 were found positive effect on soil
tilage whereas, CaCO3 was determined negative effect
on soil tillage for vertisol. Positive values showed
difference resistance to soil tillage in wet or dry
conditions of vertisol. In this case, it can be said that soil
tilage can be applied more easily in wet condition of
vertisol than dry soil condition. However, increasing of

69

Faktor analizi, fiziko-kimyasal o6zelliklerin toprak
islenebilirligi tzerine olan etkilerini belilemek amaciyla
yapiimistir. Elde edilen galigma bulgularina gére Vertisol
toprakta Faktér 1 icerisinde yer alan AWC, FC, OM ve
PWP pozitif yuk degerleri alarak islenebilirlik Gzerine
olumlu etkide bulunurken, CaCO;s; negatif yuk degeri
alarak iglenebilirlik Gzerine olumsuz etkide bulunmustur.
Pozitif yik degerleri vertisol topraklarin islak ve kuru
kosullarda toprak islemeye karsi direnglerinin farkhlik
gosterdigini ortaya koymustur. Bu sonuglar, Vertisol
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lime content of soil leads to making difficulty of solil tillage
in vertisol. When evaluating of Factor 2 results, soil
tillage is becoming easy with increasing of BD and S
content of soil. On the other hand, if C content increases
in soil, this case was negative effect on soil tillage and
soil cultivation will be more difficult. In Factor 3 involved
PR and its results show the same effect with lime
content of soil. Namely, it was found that increasing of
PR value in soil leads to make difficult soil cultivation in
vertisol

According to factor analyses, were determined factor
groups of eigenvalue more than 1 in entisol and their
results were given in Table 6. The first group (Factor 1)
formed from C, S, AWC, FC, OM, PWP and BD that
related to most texture and soil moisture and those
factors noted 72.89 % of variance. In second Factor 2
formed from CaCO3, Si and PR and it was only
explained with 22.05% of total variance. Thus, after
factor analysis, determined 3 groups involved 94.94% of
total variance. In addition, while PR variability was the
least clarified feature in physical properties with 70% of
PR variability using factor analysis, it was explained with
more than 90% variability in other physicochemical
properties (Tablo 6).

INMATEH — icultural

toprakta toprak islemenin nemli kosullarda kuru kosullara
oranla daha kolay yapilabilecegini gostermektedir. Ancak
topraklarin kire¢ iceriginin artmasiyla toprak igleme
zorlagmaktadir. Faktor 2 bulgulari degerlendirildiginde
ise artan BD ve S icgerigi ile birlikte topraklarin
islenebilirligi kolaylasirken C igeriginin artmasi toprak
islemeyi zorlastirmaktadir. Uglincli faktér (Faktér 3)
olarak gruplandirilan ve toprakta sikismanin gdstergesi
olan PR artmasi da yine toprak islemenin daha zor
sekilde yapilmasina neden olmaktadir

Entisol toprakta faktor analizi ile 6zdegeri (eigenvalue)
>1 olan faktérler belirlenmis ve sonuglar Tablo 6'da
sunulmustur. Bu sonuglara gére C, AWC, PWP, FC, OM,
S ve BD gibi toprak suyu ve tanecik fraksiyonu ile
yakindan iligkili 6zelliklerden olusan Faktér 1 toplam
varyansin % 72.89'unu agiklayarak en 6nemli faktér olmustur.
CaCOs, Si ve PR gibi 6zelliklerden olusan Faktor 2 ise
toplam varyansin ancak % 22,05'ini agiklamistir. Faktor
analizi ile belirlenen faktdr gruplari entisol toprakta
toplam varyansin % 94,94'nu agiklamistir. Ayrica yapilan
faktor analizi ile degiskenliginin ancak yaklasik % 70’i
aciklanabilen PR degiskenligi en az aciklanabilen fiziksel
Ozellik olurken, diger fiziko-kimyasal 6zelliklerin tamaminda
degiskenligin % 90’dan fazlasi agiklanabilmigtir (Tablo 6).

Table 6 / Tablo 6

Values of factor for some physico-chemical properties of Entisol /
Entisol topraklarin bazi fiziko-kimyasal ézelliklerine ait faktdr analiz degerleri

Soil Properties Factor 1 Factor 2 Communality Estimates
C 0.992 /0,992 0.994 /0,994
AWC 0.979 /0,979 0.996 / 0,996
PWP 0.976 /0,976 0.997 /0,997
FC 0.952 /0,952 0.993/0,993
oM 0.908 /0,908 0.959 /0,959
S -0.994 /-0,994 0.994 /0,994
BD -0.989 / -0,989 0.993/0,993
CaCOs 0.840/ 0,840 0.901 /0,901
Si 0.797 /0,797 0.967 /0,967
PR 0.728 /0,728 0.699 /0,699
Initial eigenvalue 7.71/7,71 1.79/1,79

Variance % 72.89/72,89 22.05/22,05

Cumulative variance % 72.89 /72,89 94.94 /94,94

C, AWC, FC, OM and PWP that are inside in Factor
1 were found positive effect on soil tillage whereas, S
and BD were determined negative effect on soil tillage
for entisol.

Soil tillage is becoming with increasing of soil
moisture content in entisol. CaCO3, Si and PR were
grouped under Factor 2 and these properties have
positive effect on soil tillage in entisol.

CONCLUSION

Field operation management, especially selecting and using
tilage equipment, should be directed toward developing and
maintaining an optimal proportion of soil components (water, air,
organic matter, and mineral components) for productive and
sustainable agriculture. That's why, it should be well known
interactions among soil components. Therefore, factor analysis is
one of the most important methods to determine these
interactions. In this study, ten physico-chemical soil characteristic
such as C, S, Si, CaCO3, OM, AWC, FC, OM, PWP and BD
were used to determine their positive or negative effect on soil
tilage by investigating with factor analysis for each different soil
types (entisol and vertisol). Because, productive soil is a valuable
resource and must be protected. Prevention is the best method
for controlling compaction. Once a soil has become compacted,
correcting it is difficult and costly, and may take years. For this
reasons, it should be taken some measurement such as not to
work soil or drive on fields unless soil is dry enough otherwise soil

70

Entisol toprakta Faktor 1 igerisinde gruplandinlan C,
AWC, PWP, FC, OM gibi o6zellikler toprak islenebilirlik
Uzerine pozitif etkiler gdsterirken S ve BD gibi 6zellikler
negatif etkiler géstermistir.

Entisol toprakta da vertisol topraga benzer sekilde
topraktaki nem duzeyinin artmasiyla topragin islenebilirligi
kolaylagsmaktadir. Faktér 2 altinda gruplandinlan CaCOs, Si
ve PR gibi fiziko-kimyasal 6zelliklerde islenebilifik tzerine
pozitif etkiler ortaya koymaktadir.

SONUC

lyi diizenlenmis olan arastirma desenlerinde faktér
analizi, cok sayida degdiskenle dlgllecek olan bir yapiyi
Olcmeye yonelik olarak birbirleriyle iligkili olan
degiskenleri bir araya getirerek, bu degiskenleri daha
az sayida degiskenle (faktdr) agiklayarak sonuglarin
kolay anlasilabilmesine 6nemli katkilar sunmaktadir. Bu
amagla vertisol ve entisol toprakta secilen 10 adet
fiziko-kimyasal toprak &zelliginin toprak islenebilirligi
Uzerine olan etkileri faktor analizi ile arastiriimigtir.
Yapilan faktoér analizi sonuglarina goére fiziko-kimyasal
Ozelliklerin topragdin iglenebilirligi Gzerine olan etkileri
vertisol toprakta U¢ grup altinda toplanirken entisol
toprakta iki grup altinda toplanmigtir. Analiz sonuglari
calisma bulgularinin  degerlendiriimesinde  faktoér
analizinin basarili sonuglar ortaya koydugunu ve bazi
fiziko-kimyasal toprak 6zelliklerinin islenebilirlik Gzerine
olan etkilerinin anlasiimasini kolaylastirdigi gérilmustur.
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compaction occurs in the future that leads weak roots growing in
crop. In addition maintain as much organic matter in soil as
feasible. Increased organic matter generally makes aggregates
stronger so they can better support traffic with less compaction.
Reduced tillage, use of cover crops, choice of crop, and crop
rotations can all add residues and thus organic matter.
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Abstract: In recent decades changes in climate of
Bulgaria have been observed, a warming trend was
established, coupled with decreasing rainfalls, especially
during the warm half of the year. This causes reduction of
the agricultural production and prevents development of
intensive agriculture without irrigation. There is a need for
changing the existing irrigation systems towards improving
their operation and management in order to develop
productive, sustainable against altered climate conditions
agriculture, which uses resources efficiently. The present
article aims to analyze and evaluate the existing problems
facing the irrigation sector in Bulgaria and to identify the
main reasons for developmental delay. Key measures to
be adopted for changing and renovation of existing
irrigation systems and their management in order to
increase the level of application of irrigation and water use
efficiency are outlined.

Keywords: irrigation system, management, improvements,
rehabilitation

INTRODUCTION

Bulgaria is a country with a tradition in irrigation and
has a significant irrigation fund. The Bulgarian irrigation
systems were built in the second half of last century
mostly with open canals. Until 1990 the 1, 2 million
hectares were under irrigation as the irrigated area
covered 29 % of the total arable land and the 50% of
whole agricultural output was received of this area. In the
next years a long and unsuccessful reform in irrigation
was carried out and nowadays irrigation applies to a
minimum in Bulgaria.

On the other hand, in recent decades changes in
climate of the country have been observed. A warming
trend coupled with decreasing rainfalls, especially during
the warm half of the year has been established. The
growth of agricultural crops is negatively affected by the
altered climatic conditions and that is one of the major
reasons of crop yields variations. It is necessary to expand

the use of irrigation in Bulgaria to address the
consequences of climate change on agricultural
production.

The Bulgarian irrigation systems in were built mainly
during the 60s and 70s of last century and are not in good
technical condition. Since the period of operation life of the
irrigation facilities does not exceed 50 years rehabilitation and
upgrade of the irrigation systems has become imperative.

Changing the existing irrigation systems is also needed
and therefore changes occurred after the 1989 in the
organization of irrigation process and water use imposed
by private ownership of agricultural land. This change
ought to be towards improving their operation and
management with a view to the development of
productive, sustainable against altered climate conditions
agriculture which uses resources efficiently.

The present article aims to analyze and evaluate the
existing problems facing the irrigation in Bulgaria. The
main reasons for developmental delay are identified. Key
measures to be adopted for changing and renovation of
existing irrigation systems and their management in order
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Pestome: B nocrnenHuTe aecetuneTs ce Habnoaasar npomeHn
B KMMmara Ha Bbnrapus, kato e ycTaHoBeHa TeHOeHUMs Ha
3aTonrsHe, CbNPOBOAEHA C HAMarsBaHe Ha BarexuTe, Halt-Bede
npe3 TonrnoTto rnonyrogve. ToBa Boau [0 HamarnsiBaHe Ha
CercKocTonaHcKaTa NpodyKLMS U NpaBi HEBL3MOXHO PasBUTVETO
Ha WHTEH3MBHO 3eMe-denve 6es HarosiaHe. HanoxutenHu ca
MPOMEHN B Cb-LLIECTBYBALLIATE HAMOWUTESHW CUCTEMI 3a NMoaobpsiBaHe
Ha [efiCTBMETO W YNpaBneHVeTo UM, C Omed PasBUTUETO Ha
MPOLYKTVIBHO, YCTOM4MBO Ha USMEHEHVIETO Ha KMMaTa 3emeaenme,
KOETO M3Mon3sa pecypeute eddekTBHO. Tasu cTatvis uva 3a uen
[a ce aHanuavpaT 1 OLIEHAT Cbllie-CTByBaLLTe Npobremmn npeq
CeKTop HarosizaHe B Bbrra-pust 1 Aia ce nocovar maBHUTE MPMYMH
3a 3abaBsHe Ha pasBuTMETO My. HaGenassaT ce OCHOBHM MEpKH,
KouTo crieasa Aa 6baaT npeanpueTy 3a NpoMsHaTa U oBHOBS-
BaHETO Ha CbLUECTBYBALLMTE HAMOWTENHM CUCTEMU W Y-
PaBMEHVETO UM C LieM Aa Ce MOBULLIM CTEMNeHTa Ha npunaraqe Ha
HarosiBaHe 1 ed)eKTVBHOCTTA Ha M3MOs3BaHe Ha Bodara.

Knroyoeu Aymu: HanoumenHa cucmema, yrpaeneHue,
noGobpeHusi, 8b3cMaHoO8sI8aHe.

yBOa4
Bbnrapysi € crtpaHa ¢ TpaavuMM B HanosiBAHETO, KOSITO
pasnonara CbC 3Ha4ATeNneH xugpoMervopatmeeH — OOHA.
Burrapckite  HanmouTtenHMTE CUCTEMU €A UIIPaXOAHM  Mpes
BTOpaTa MOSioBMHA Ha MYHAIMS BEK, HA-4ECTO C OTKPUTU KaHamM.
[o 1990 r. B cTpaHaTa ce norveaxa 1, 2 MiH. xa 3eMeaerckv 3emu,
KaTo MorMBHUTE MoK cbeTarnsBaxa 29 % ot obpabotBaemara
3emMsl, @ OT TsX ce nonyyaeawe 50% OT cernckocTonaHckara
npooykuvs. B crnepeawwmrte rogvHu  Oelle  nposeneHa
ObfroTpanHa W Hecronyynuea pedopMa B HarosiBaHETO U
noHacTosiLemM B Bbnrapus 1o ce npunara B MUHMMArHa CTerneH.
OT gpyra cTpaHa B nocrnegHuTe geceTuneTus ce Ha-
OnogaBaT NpoMeHW B KNMMarta B CTpaHaTa, KaTo e ycTa-
HOBEHa TEeHOEHUMs Ha 3aTomnnsiHe, CbNPOBOAEHA C HaMa-
nsiBaHe Ha BanexuTe, Hal-Be4e npes3 TOnoTo Nonyrogue.
lMpomeHUTE KNMMaTUYHM YCMOBUSA BNUAST HEraTUBHO Ha
pasBMTUETO Ha 3emMefdenckute KynTypu M ca eaHa oT
rmaBHUTE MPUYMHW 33 HamansiBaHeTo Ha gobusute. 3a
npeofonsiBaHe Ha nocneauuuTe OT Te3n NMPOMEHU BbPXY
cernckocTonaHckata npoaykumst € Heobxogumo pa ce
MOBWLLW CTENEHTA Ha NpuraraHe Ha HanosisaHe B Bbnrapus.
Bbrrapckute HanowuTenHUTE CUCTEMM Ca CTPOEHU [TaBHO
npe3 60-Te 1 70-Te roanHM Ha MUHaNMs BEK U He ca B AOOPO
TEXHNYECKO CbCTOsHME. Tbil KaTo CPOKbT Ha TOAHOCT Ha
CbOpPLXEHMSITA 3@ HarosiBaHe He Hagpuwasa 50 roguHw,
pexabunuTtaumsita u 0GHOBSIBAHETO MM CTaBa BCe Mo-Hanexatuo.
MpomsiHa Ha cTapuTe HanoUTENHN CUCTEMW Ce Hanara u
nopagu Hactenunute cneg 1989 r. usMeHeHns B opra-
HM3auMATa Ha MOMMBHUS MPOLEC M Ha BOAOMON3yBaHETO
BCIEACTBME YacTHaTa COOCTBEHOCT BbpXy 3emMederickiTe
3emu. Tasn npomsiHa TpsibBa da e B Nocoka nogobpsBaHe Ha
[OEeVicTBMETO M yNpaBNEHNETO UM C Offes Ha pasBU-TUETO Ha
NPOOYKTUBHO, YCTOWYMBO Ha W3MEHEHVMETO Ha KnMmarta
3emMefenve, KOeTo M3Non3ea pecypcute epekT1BHO.

Taavi cravs vivia 3a LIEN A 02 2HarVIDAT W OLIEHSTT CHLLIECTBYBALLTE
npobriemy npen cektop HanosiBaHe B Bbnrapus. Mocoyenn ca
ITaBHUTE NMPUYMHA 3a 3a0aBsiHe Ha pasBUTUETO My. Habenssear ce
OCHOBHI MepKY, KOMTO crieasa Aa 6baat npeanpreTy 3a npoMsiHaTa 1
OBOHO-BSIBAHETO Ha CbLUECTBYBALLMTE HAMOUTESTHA CUCTEMU U
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to expand the use of irrigation and increase water use
efficiency are outlined.

ANALYSIS OF THE
BULGARIA
Water resources and water use

According to forecasts for Bulgaria as a whole a steady
trend of shortage of water resources is not expected.
However in the last 10-15 years there is non-uniformity in
the rainfall levels.

The figure 1 shows that the lowest level of precipitation
was in 2000 and 2008, while in 2005 rainfalls with
exceptional intensity have occurred, which led to floods
and flooding of large areas of farmland.

Rainfalls during the warm half of the year (April -
September) are most important for the production of
agricultural output. In recent decades there has been
observed a low summer rainfall. In the dry 2008, with
mean 23% reduction in rainfall below normal, rainfall
reduction for August is 27% below normal [3].

Increasing temperatures and low rainfall during the
summer lead to problem of water shortages in critical
periods for the development of agricultural crops. To
address the negative consequences of water deficit in
summer irrigation should be applied.

IRRIGATION SECTOR IN

| R |
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ynpaeneHneTo UM C LUen aa ce NoBULLIn CTeneHTa Ha npu-naraHe
Ha HarnosiBaHe W edPeKTMBHOCTTA Ha 13rosi3BaHe Ha Bogarta.

AHAIMN3 HA CBCTOAHUETO HA CEKTOP HAMNOABAHE
B BBIITAPUA
BodHu pecypcu u eodonompebneHue

Cnopen, nporHosute kato uano 3a bwnrapusa He ce
ovaKBa TpanHa TeHOEHUMS Ha HeQoCTUr Ha BOAHW pe-Cypcu.
Ho npe3 nocnegHute 10-15 rogvHm ce Habniogasa
HEepaBHOMEPHOCT B HMBOTO Ha BanexuTe.

OT curypa 1 ce Bwkaa, Ye HaW-HUCKO € HMBOTO Ha
sanexure npe3 2000 r. n 2008 r., gokato 2005 rognHa e ¢
U3KITKOYUTESTHO BMCOKO PaBHWILLIE HA BarEeXXUTe, KOMTO JOBEAOXA [0
HaBOAHEHWS 1 3aNMBaHe Ha roNeMM MIoLLM 3eMeaericki 3eMu.

3a Mpov3BOACTBOTO Ha CEMcKo-CTOMaHcka MpodyKUMs, Hai-
onsMo 3HadeHVie umat BanexuTe Mpe3 TOrrioTo nornyrogve Ha
rooyHata  (veceuute  anpwri-cernmemspu). B nocniegHure
JeceTwnetvil ce Habrnoaaea HUCKO PaB-HULLIE Ha NIETHUTE Bariexu.
3a cyxata 2008 roguHa cbC cpenHo 23% HamarieHvie Ha BarexuTe
oz HopMara, HaMareHETO 3a MECEL, aBTNYCT € CLOTBETHO 27% [3].

lMoBuLLIABAHETO Ha TEMMEPATYPUTE U HEAOCTATLYHUTE Banexu
npe3 NeTHATE MeceLy BoasT Ao npobrema ¢ He-40CTUN Ha BoAA BbB
BaXHM MEpVoaV 3a pasBUTMETO Ha 3emMedenckre Kyrmypu. 3a
NPeononsiBaHe Ha HeraTvB-HUTE Nocreauum oT BogHUA aechyumt B
neTHUTE Meceum TpsabBa Aa ce npunara HarnosisaHe.

O average annual preciptatio
CREOHO-TOOMIWEH B anes

GO0
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Fig. 1 - Average annual precipation / CpedHo-20duweH sanex

The amount of irrigable and irrigated areas in the
period 1997-2010 is presented in Fig. 2. For comparison
in the same figure the irrigated area for 1989 is also given
which amounts to 1, 283 million ha. Although almost half
of these areas are currently fit for irrigation in the years
after 1989 a trend to drastically reducing the amount of
irrigated land is observed. The analysis shows that
irrigated area for this period is between 4 to 8 % of total
irrigable land.

The following figure presents data for water
abstractions from water sources for irrigation systems and
the water, supplied for irrigation in the period 2000-2010.
As seen larger water volumes were supplied for irrigation
during the dry 2000 and 2008. In the same years a free
irrigation for the water users was permitted which
determines larger water use. For these years the
percentage of the irrigated area compared the irrigable
area is the highest for the entire period - 8.9% for 2000
and 8.4% for 2008. At least arable lands were watered in
2005 due to fallen this year rainfalls. After this year some
growth in the amount of water supplied for irrigation and
irrigated areas has been observed, feasible reasons are
the permission of a free irrigation during the irrigation
season and the increased interest in rice production.
During the irrigation season of 2010, 297040 thousand m®
of water were supplied for irrigation to 30046, 1 ha of
arable land, as 261408 thousand m?® of water that are 88
% of total supply - were supplied to the area occupied by
rice amounting to 10892, 6 ha [1].
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Ha dwr. 2 ca npencraBeHy rogHATe 3a HarnosiBaHe U
HanosiBaHWTe oy 3a nepvoda 1997-2010 r. 3a cpae-HeHvie Ha
cbluara comrypa e fafeH U pasMepbT Ha MO-NIMBHATE MIoLLy Mpe3
1989 r., kovTto Bbanm3a Ha 1 283 000 xa. Hesasucumo, Ye noymm
MonoByHaTa OT Te3M MIo-LLW NOHACTOSILLIEM Ca FOHM 3a HanosiBaHe,
B roguHuTe cneq 1989 r. ce HONoOaBa TeHaeHW st 3a OpacTVYHO
HaMarnsBaHe Ha pas3viepa Ha MOMVIBaHWATE 3eMedericki 3e-Mu.
AHaNM3bLT MOKasea, Ye HarosiBaHATE MO 33 pas-mexaaHns
nepviof ca ot 4 o 8 % OT rogHWTE 3a HaNosBaHe 3eMU.

Ha crnepgeawara dwmrypa ca npeactaBeHW AaHHM 3a
m3seTata Bofa Mo BOAOM3TOYHULIMA 32 HaMOUTESTHA CUC-TEMU U
JoCTaBeHaTa Bofda 3a HanosiBaHe 3a nepuoga 2000-2010
rogvHa. OT Tasu curypa ce BUKAa, Ye MOo-FoNemMm KornmyecTea
BOA 3a HarnosiBaHe ca nodafgeHu npes3 cyxute 2000 n 2008
rogyHa. [pe3 Tean rogvHn ca paspellaBaHM K GesnnartHu
MOMVBKY, KOETO € 0BYC-MOBWIIO 1 MO-TONSIMO BodornoTpebneHmre. 3a
TE3V TOAVHW MPOLEHTLT HA MONATUTE MIIOLM CMPSIMO TOAHUTE
3a Ha-MosiBaHe € Hal-BMCOK 3a Lienus nepuog, - 8,9 % 3a 2000
r. n 8,4 % 3a 2008 r. Han-manko 3emenencki 3emm ca no-net
npe3 2005 r. nopagy nagHanuTe npes Tasu rogyHa Barnexu.
Cnien Tasu rogvHa ce 3abensiaBa U3BECTEH PLCT Ha AOCTaBKUTE
Ha BOJA 3a HanosiBaHe M Ha MOneTUTe 3e-MeaderickM 3emu,
npeanocTaBka 3a KOeTo € pa3pellieHaTta Ha BOAOMNos3BaTenmTe
egHa ©OesnnatHa nMoOnvBKa Mpe3  Ha-NMOUTENHUS Ce30H U
3aCUIEHUAT MHTEPEC KbM OpU30-MPOon3BOACTBO. [pe3 NonmBHUS
ce30H Ha 2010 r. oT noga-aeHuTe o6LLo 297040 xumn. M BOAA 3a
HanosiBaHe Ha 30046, 1 xa obpaboTBaema 3emsi Ha 10892, 6 xa
nnoLun, 3aeTm ¢ opus, ca nogageHn 261408 xun. v BOAHW
mMacwm, koeTo e 88 % oT 0bLums nogaaeH obem.



Vol. 38, No. 3/2012

INMATEH — tuzal

Crlrrigated area/ HanosieaHn nnowy

B Irrigable area/l"ogHn 3a HanosiBak

NITTTINTIIOIT

1989 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Source: Agraren papers/ Azpapiu doknadu

Fig. 2 -

Irrigable and irrigated areas in the period 1997-2010/

lo0dHu 3a HarosieaHe u HarnosieaHU rouu 3a nepuoda 1997-2010

The share of water used for irrigation in 2010 was
only 5, 88 % of the total water uses.

Comparison of data for water abstractions from the
water sources for irrigation systems and for water
delivered to the irrigated areas for the period 2000-2010
shows that the irrigation systems operate at high water
losses in the range of 70-80%.

B w ater losses/ 3arybu

[ernsT KaTo LANo Ha 1aronaseaHaTa BoJa 3a Haros-8aHe npes
2010r. cueTarnsiea eaga 5,88 % ot ot 00LLoTOo BoaonotpedreHe.

CpaBHEHMETO HA  [daHHATE 33  u33eTata  OT
BOAOM3TOYHMLIMTE BOZA 3@ HarouTeNHUTE CUCTEMM U Te3u 3a
[JocTaBeHaTa OT TAX A0 nonveHUTE nrowm 3a nepuoga 2000-
2010 nokassa, Ye HanouTernH1Te cuctemm paboTaT Npy ronemm
3arybu Ha Boga oT nopsabka Ha 70-80 %.

B w ater supply/ nocTaBeHa Boga
A w ater abstraction/ usseta sBoga 3a HanouTeni

-
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Fig. 3 - Water supply, water abstraction for irrigation and water losses in the period 2000-2010/
U33ema, docmaseHa 8o0a 3a HarnosisaHe u 3a2ybu Ha 8o0a 3a nepuoda 2000-2010 e

Irrigation infrastructure in Bulgaria

In the second half of last century 240 irrigation systems
were built in Bulgaria, as the water delivery networks of
most of these systems consist in open canals. Each of
these irrigation systems is located in a region with an
appropriate  microclimate with traditions and good
perspective for development of modern irrigation
agriculture during the period of the establishment. As a
rule, these irrigation systems supply water to a compact
territory from a single source of water (large dam or river),
of which water is transported to the irrigated area through
one or more main open canals.

The irrigation systems were designed and built in
accordance with the collective use of land to serve
aggregated irrigated area and small number water users.
In this period agricultural policy was conducted entirely by
the state that supported the organizational structures,
investments, material and technical resources, agricultural
science etc.

At present Bulgaria still has large irrigation fund.
Total irrigated area of the country amounts to 740600
ha, the actually fit for irrigation are 541800 ha or about
72% of total. Water is supplied to 250700 ha by gravity,
the remaining 291100 ha are fed from pumping
stations.

Almost all of the irrigation systems in the country are
operated and managed by trading company "Irrigation
Systems". Main activities of the company are performing
the delivery and selling water for irrigation. Water is
supplied on a weekly or a decade schedule composed on
the basis of the requests of water of the users within the
pre-seasonal contract signed considering the actual
possibilities of delivering water. Contacts between the
supplier "Irrigation Systems" Ltd and water users mainly
occur in the conclusion of the annual seasonal contract
before the start of irrigation season.

HanoumenHa uHgppacmpykmypa e bbneapusi

[Mpe3 BTOpaTa nonoBmHa Ha MMHanNusa Bek B bbnrapus
ca unarpagenn 240 HanouTenHu CMCTEMW, KaTo BOOOpas-
npegenuTenHa Mpexa Ha no-rofismaTa 4acT oT TaX € Us-
rpageHa ¢ OTKpUTU KaHanu. Bcdaka egHa OT Tean Hanou-
TEITHN CUCTEMM € Pas3nosioKeHa B parioH C MOAXOASLL MUK-
poknMmar, ¢ Tpaguumm n gobpa nepcnektuea 3a passuTre Ha
MOZEPHO MOMNMBHO 3eMedenve B Nepuoaa Ha Cb3daBa-HeTo 1.
Kato npaBuno Teav HanouTenH cuctemm cHabasi-BaT KOMMaKTHA
TepUTOpMS C BOAa OT €OMHEH BOLOM3TOY-HUK (S30BMP UK
peka), OT KOWTO 10 HarnosiBaHWTE MIoLLM BofaTta ce TpaHcropTvpa
ypes eavH Unmn HSKOMKO rofieMm OTKPUTU KaHana .

Toav HanovTerHa MHAppaCTPYKTYpa BelLie NMpoexTvHiaHa U uapaKiaHa
B CbOTBETCTBME C U3NCKBAHMSATA HA KOMEKTUBHOTO M3MON3yBaHe
Ha 3emMeperickara 3emMs 1 3a obcryBaHe Ha YKPYNHEHV MOMVBHM
oLy 1 variko Ha 6poit Bogoronsearen. B Toan nepuvioa nonvmikaTa B
3e-Mefenneto MsUANo ce npoeexaalle OT AbpxaBara, KOSTO
roaKpensiLLe OpraH3aLIIOHHO-CTOMaHCKATE CTPYKTYPW, MHBECTULIMUTE,
MaTepuanHo-TEXHUYECKATE CPeACTBa, arpapHaTa Hayka u ap.

MoHacTodwem bwnrapusa Bce olle pasnonara ¢ ronam
xyopomMervopatveeH choHa. OBLLO MOMVBHUTE MIOLLM Ha CTpaHaTa
Bb3anusaT Ha 740600 xa, OT TsX pearnHo rogHu 3a HarlquaHe
ca 541800 xa Univ okomo 72% OT BCUYKM MorveHm nnowm’. Ha
250700 xa BopgaTa ce OocCTaBdA MO rpaBuTayeH NbT, Ha
octaHanute 291100 xa 4ype3 NOM-NeHn CTaHUMW.

[MNoqm BCUYKA HaMoOUTENHW CUCTEMM B CTpaHaTa Ce CTornaHmcBaT
N YNPaBnsBaT OT THPrOBCKOTO APYKECTBO ,HanourenHm cuctemn’.
OcHOBHa [OEMHOCT Ha OpYyXe-CTBOTO € M3BbPLUBAHETO Ha
JoctaBka u npogaxba Ha BO-Aa 3a HanosBaHe. Bogarta ce
[OCTaBsA MO CeaMuYeH MNn aekageH rpadmk, CbCTaBeH Ha
OCHOBaTa Ha 3asiBKuTe 3a BOAOMNOTPeOUTENNUTe, B pamKuTe Ha
npeaBapuUTENHO CKIHO-4YEeH CE30HEH AOrOBOP M C OTYMTaHE Ha
peanHuTe Bb3MO-KHOCTWU 3a AocCTaBka Ha Boaa. KoHTaktute
Mexay OOoCTaB-yvka Ha Boda “Hanmowtennu cuctemun” EAL m
BOOOMNOTPE-OUTENUTE Ca IMABHO MPU EXEroaHOTO CKIToYBaHE
Ha Ce-30HHMS JOroBOp NpPean Ha4aroTo Ha HaNoOUTESTHUS CE30H.

b According to Decree Ne 512/2000 on the balance and use of irrigated area in Republic Bulgaria/ CvrnacHo PMC Ne 512/2000 3a 6anaHcute no smgose
Teputopuun criopep nNpeaHa3HaveHneTo UM 1 Ha 6anaHca Ha nonueHKUTe Nnowm B Penybnuka Bunrapus.

75



Vol. 38, No. 3/2012

In the new economic environment in Bulgaria after
1989 the establishment of water user associations has
started to take a responsibility for operation and
maintenance of separate parts of the irrigation system and
management of irrigation. They receive water for irrigation
of "Irrigation Systems" LTD and are responsible for the
delivery and distribution to farmers. By 2011, a total of 73
Water Users Associations are registered in the country
which serve 5396, 4 ha irrigated area.

Current technical condition of the existing irrigation
infrastructure

The prevailing part of the irrigation infrastructure in
Bulgaria is put into operation in the 60s and 70s of last
century. Existing irrigation facilities are now old and in
poor technical and operational condition. The operation
of old open canals of which is mostly built conveyance
and distribution networks of irrigation systems is
associated with high water losses caused both by
leakages and poor management. Because long-term
operation, the lining of main and distribution canals is
partially damaged, this implies large water losses of from
filtration, especially during transportation over long
distances, reaching several tens of kilometers. Many
irrigation canals are designed constructively, so most
the off takes are located at the beginning of canal reaches.
On the other hand the canals are oversized in terms of
current needs of water for irrigation. To supply needed
water to the irrigated areas, it is necessary the canals to
maintain higher water levels leading to substantial
operating losses and low water use. Especially the internal
canal network and irrigation facilities, managed by former
Co-operatives and Agro-industrial

Complexes are most largely destroyed. Machinery
and equipment used in irrigation practice with over 10
years service life is significantly high percentage of total
available equipment - 83.3% [4]. Practically no irrigation
equipment is in use, the most widespread is gravity
irrigation, which is also characterized by high water
losses. This increases the cost of the irrigation and
reduces efficiency. Besides poor technical condition,
problems in the operation of irrigation systems also arise
due to altered form of land use in Bulgaria after 1989. As a
result of the conducted land reform, the irrigated plots in
the command area of the irrigation system now are owned
by large number of farmers and accordingly the number of
water users within the irrigation system also increased
many times. In the new economic environment the
establishment of water user associations has started which
to take on responsibility for the operation and maintenance
of separate parts of the irrigation system and the irrigation
management. At present water users located within an
irrigation system, are water user associations, tenant
farmers and cooperatives as well individual farmers who
own small land plots scattered across the command area
of the irrigation system. The irrigation systems are
supposed to supply water to many agricultural producers,
often with different interests. On the other hand, they are
designed for scheduled water use, which significantly
reduces the possibility of free use of water by farmers.

The water users pay for water at cost. As no
measurements of irrigation water are carried out payment
of the water used is per unit irrigated area. As the cost of
maintaining the existing irrigation facilities are also
included in the calculation of the cost of irrigation water,
low use of irrigation systems leads to high cost of
irrigation water that doesn’t encourage the farmers to
apply irrigation. In the recent years about 60% of irrigated
areas are planted by autumn crops - wheat, barley, which
almost nowhere is irrigated [3]. These have replaced
more water-demanding crops, including maize and
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B npomeHeHaTa mkoHoMudecka 06cTaHoBKa B Brnra-pyst creq,
1989 . ce npemMmHa KbM Cb30aBaHETO Ha COPY-KEHMSI 33 HAMOsIBaHe,
KOUTO [a MoeMaT 3a0bIDKeHUdTa Mo ekcrrioataupsrta U
noaapbXKata Ha 0boCODEHN YacTy OT HarouTerHATE CUCTEMU U
YIPaBreHeTo Ha MONMBHWSI Mpouec. Te rMonydasaT Boja 3a
HarnosBaHe OT “HamowtenHn cuctemu” EAL n ce mwkar 3a
[O0CTaBSHETO Y pas-NpederieHMeTo M MeXay YacTHUTE cTonaHn. Kem
2011 r. B cTpaHaTa ca pemcTpypann obLo 73 capyxeHus 3a
Ha-nosiBaHe, kouto obcnyxeaTt 5396, 4 xa NOMNMBHU MITOLLN.

TexHu4Yyecko cbCmMosiHUE Ha u3zpadeHama HaroumeJsiHa
uHgpacmpykmypa

MpeoGngmaBaliata YacT OT Owfrapckite  Harnow-TerHuTe
CvICTeMM Ca BbBEOEHU B excriroarauyst npes 60-te n 70-Te roavHM Ha
MuHanmus Bex. ChLLECTBYBALLITE CHOPBXEHS 3a HarosiBaHe ca Bede
CTapyl 1 Ca B HE3a-00BONMTENHO TEXH/HECKO M EKCTIoaTaLyioHHO
CbCTOsHHMEe. [lecTBUeTO Ha CTapute OTKDUTU KaHar, OT KOUTO e
varpafeHa TpaHCropTHaTa 1 BoaopasnpeaenvTerniHa Mpe-ka Ha MHOro
HarovTernHuTe CUCTEMW, € CBBbP3aHO C fore-Mm 3arydn Ha Boda,
MPVHUHEHW KaKTO OT (ovaHECK Tevo-Be, Taka M OT HenobpoTo MM
yrpagnenve. NMopam Ounro-oayHaTa excrrioatauyst, YaCTvyHoO €
HapyLLeHa obrv-LioBKaTa Ha kaHarnuTe OT TpaHCropTHaTa 1 Bodopas-
npefenvTenHa Mpexa, koeTo obycriaes roremmn 3aryou Ha Boga ot
GowrTTpaLyisi, 0coBEHO MK TPAHCTIOPTVPAHE i Ha roneMm pasCTosHUS,
JOCTVraLLM HAKOMKO JECETK KMo-MeTpu.  KOHCTPYKTVBHO, MHOMO
HarowTernHn KaHarm ca MpoeKTVpaHW, Taka Ye fornsva 4vact ot
BOLOB3EMaH/STTA Ca Pa3NoNoKeHN B HAYaroTo Ha TEXHOMOMHYHUTE
ydac-Tbum. OT Apyra CTpaHa KaHanuTe ca npeopa3mepeHy Ot ImeaHa
TOYKa Ha HacTosILLMTE Hy)KOM OT Boda 3a Haros-BaHe. 3a Ja ce
rofafar HeoGXoaMUTE BOOHW KOSMHECTBA KbM MOSIMBHUTE MIOLLM,
B KaHanuTe Cce Harara fa ce noaabpar Mo-ByCOKA BOOHW HUBA,
KOETO BOOM [0 3HAYUTENHU OMEepaTVBHM 3aryu 1 HUCKa CTErneH Ha
U3Mon3saHe Ha Bofara.

B Haii-ronsiMa cTeneH ca paspylleHu BbTpeLLHO-KaHanHara
MpeXa U XAOPOMENVO-PATUBHUATE CLOPBKEHVS!, CTOMaHWMCBaHW OT
ovewute TK3C wn AlK. W3nonssaHute B MenvopaTvBHaTa
NpakTMka MallMHU U CbopbXeHust ¢ Hag 10 roguHM cpok Ha
crnyxkba ca CbLUECTBEHO FOMsIM MPOLIEHT OT obllata HanudHa
TexHuka - 83,3 % [6]. MMomvBHa TexHWKa NpPaKTU4eckM He ce
M3ron3ea, HapaanpoCcTpaHeH METo, 3a HarosiBaHe € MPaBUTaqHOTO
HanosiBaHe, 3a KOMTO Ca XapaKTepHWu rone-mu 3arybu Ha Bofa.
ToBa ocKbNsiBa MONMBHMS MPOLIEC U CHIDKaBa edheKTUBHOCTTA My.
OcBeH mOLLOTO TEXHUYECKO CLCTOsHWE, Apyra MNpuyu-Ha 3a
3aTpyaHEHWSITA NPY eKCrrioaTauusiTa Ha Harnou-TeNHUTE CUCTEMU
e npomeHeHaTa copMa Ha 3emeron-3BaHe B Bwbnrapus creq,
1989 r. B pesyntar Ha npoBege-HaTa nosemrieHa pecopma,
MOMBHUTE NIIOLLM, OBCIYX-BaHW OT €4HA HarnouTernHa cucTema,
cera ca cobCTBEHOCT Ha rorsiv 6po YacTHW cTonaHm (bepmepm),
KOEeTO [oBege OO MHOrOKpaTHO HapacTBaHe M Ha Oposi Ha
BOZOMNOTPe-OMTENUTE, PasMoNoXEHN Ha TepuUTopusTa Ha eaHa
HarouTernHa cucrema. Takvea MoraT Ja 6baaT KakTo capyKeHus
Ha BogonoTpeduTENN, apeHOaTopu W Koome-pauuM, Taka |
OTOENHU 3eMENENCKM CTOMaHW, KOUTO MNpuUTexaBaT Marku
napuenu 3emMsi, pasnpbcHaTM MO Usna-Ta TepuTopusi Ha
HanouTenHarta cuctema. HanovntenHute cuctemu cera Tpsioea
[a OOCTaBAT BoAa Ha ronsim 6po Bogonotpedbutenu, 4ecTto ¢
pasnu4HM 1 NPOTUBONONOXHN MHTepecu. OT Apyra cTpaHa, Te
ca MPOeKTUpaHW 3a Mna-HoBO BOAonoTpebrneHne, Koeto
orpaHM4YaBa  CWNMHO  Bb3MOXHOCTTa  3a  cBOGOAHO
BOZOMNON3yBaHe OT CTpaHa Ha 3eMeENCKUTE CTOoMaHu.

MoTpebuTenuTe 3annalLaT BogaTa 3a HanosiBaHe Mo HelHaTa
cebectoHocT. Thih KaTo He Ce M3BbLPLLBAT M3MepBaHUs Ha Bodata
3a HanosiBaHe, 3annaLlaHeTo Ha M3rona3saHarta Boda € 3a egvHnLa
HarosiBaHa nrioLL. ThiA KaTo B LieHaTa Ha BoaaTa ce Kankyrvpar v
pasxoauTe 3a NoAapBXKa Ha ChLUECTBYBALLIATA HaroMTenHa MHdgpa-
CTPYKTYpa, HUCKaTa CTeMeH Ha U3MONi3BaHe Ha Hanow-TernHuTe
CcHCTEMM BOOM [I0 BUCOKA LieHa Ha BofaTta 3a Ha-MosiBaHe, KOsiTo
He CTUMynvMpa 3emegderckite noTpe-outenyM Ja npwnarart
HarosisaHe. B nocnegHute roguHn Ha okono 60% OT nonueHUTE
Moy ce 3acsBaT eCeHHW KynTypy - MLIeHULa, eYEMIK, KOUTO
noyTM HUKbOE He ce HanoseaT [6]. Te mamecTBaT no-
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vegetables.

Regardless of poor technical condition of irrigation
facilities, the allocated investments that are released for
rehabilitation, maintenance and operation of irrigation
systems are negligible and they reduce each year.

From the analysis of the information provided can be
concluded that nowadays irrigation applies to a minimum
in Bulgaria by relying mainly on precipitation to satisfy the
water demand of crops. Rice, some vegetables and other
intensive crops are mainly irrigated.

The reasons for denial of irrigation and low utilization of
existing irrigation facilities are various. They can be
summarized as follows:

» Poor technical and operational condition of the
existing irrigation infrastructure, which is low efficient and
requires urgent rehabilitation and renovation. The
destruction of most of internal canal network, lack of
irrigation equipment.

» The inadequate funding of the maintenance and
operation of irrigation facilities. Highly reduced investments
for rehabilitation and renovation.

» Mismatch between the parameters of existing
irrigation systems built to serve large production units
and their present use in conditions of fragmented land
use. Irregularly and inadequate water supply.

» Change of the structure of the crops.

» The high cost of irrigation water, etc.

MEASURES TO BE ADOPTED FOR EFFICIENT USE OF
WATER IN EXISTING IRRIGATION SYSTEMS

Adaptation to changing climatic conditions requires
increase in use of irrigation and appropriate change of
irrigation systems in Bulgaria.

Under altered climate conditions leading to
water deficit during the warm half of the year must
ensure:

1. Providing water for irrigation timely and in the
required quantities as needed for irrigated crops;

2. Reducing the total amount of water used in irrigation
and the losses by improving the efficiency of operation and
use of irrigation infrastructure.

In view of limited investments, insufficient for
construction of new irrigation systems, the priority task
should be improving and modernization of existing
systems in order to increase their effectiveness and
efficiency. Improvements should be made in both the
technical structure of irrigation system and the
management for available water resources be used more
efficiently and reduce the losses.

Some feasible measures that can be adopted for
changing and upgrading of existing irrigation systems and
their management are:

e Rehabilitation and upgrading of conveyance and
distribution of canal network of irrigation systems

- Repair of damaged linings of canals from the conveyance

distribution and internal networks of the existing irrigation

systems and lining unlined canals in order to minimize

water losses due to filtration;

- Repair of unused at the moment gate structures and

other facilities of the canal network in poor technical

condition to reduce the losses from gaps,

- Rehabilitation of regulating structures of the conveyance

and distribution network of irrigation systems to improve

service to water users;

- Rehabilitation of pumping stations,

- Introducing convenient devices for measuring water

flow.

e Improving the operation and management of irrigation
systems to reduce operating losses of water:

- Control of the canal levels upstream the offtake gates the

7
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BarontoGyBMTE KymnTypy, BKIIOYATENHO 3EMeHYYLM 1 LiapeBuLia.

He3aBnCUMMO OT BIOLLIEHOTO TEXHUYECKO CBLCTOSIHME Ha
HamnouTenHUTE CUCTEMW, NHBECTULIMUTE, KOUTO Ce OTAENAT 3a
Bb3CTAHOBSIBAHETO MM, MOAAPBXKKATa M eKcnroa-tTaumsta um
ca MMHMMaIHKM U ¢ BCska roguHa Hamansear.

OT aHanusa Ha NpeacTaBeHnTe AaHHN MOXE [a 3aKIioun, Ye
noHacTosLLeM B Brnrapys HanosisaHe ce npuvrnara B MHOIO HUCKa
CTENEH, KaTo G2 PasHmTa OCHOBHO Ha NaaHarvTe Bane i 3a 3g00BOrsiBaHe
Ha noTpeb-HoCTUTE OT Boda Ha 3emeaerickuTe Kynmypu. Hanosisat
Ce MPEAVIMHO OpU3, Marko 3eNIEHYYLIV W IPYTV MHTEH3VBHI KyITTYPU.

MpuunHMTE 3a OTKa3 OT HanosiBaHe M 3a HWcKaTa cTe-
neH Ha 13nona3BaHe Ha M3rpageHUTe MOLLHOCTM 3a Hamnos-
BaHe ca pas3HoobpasHu. Te moraT ga ce TbpcaT B:

» JloWOTO TEXHMYECKO U eKCnnoaTauMoHHO CbCTOsIHME Ha
CblUecTByBallaTa HamnoutenHa WHAPACTPYKTypa, KOSTO €
HUCKO-edheKTVBHA 1 Ce Hyaae OT CMeLUHO Bb3-CTaHOBSIBAHE U
0o6HOBsIBaHE. YHMLLOXaBAHETO Ha rofnsiMa 4YacT OT BbTPEeLLHO-
CTOMaHcKaTa kaHanHa Mpexa, fiurnca Ha nonveHa TexHUKa.

»  HepocrarsqHoTo vHaHovpaHe Ha AEMHOCTUTE MO NOOgbPHaHETO U
exarioaraLys Ha CEOPBKEHVSTTA OT HarovTerHATE aveTeMi. [Mpakeau
nmncara Ha MHBEC-TULIMM 33 Bb3CTAHOBSIBAHETO M OOHOBSIBaHE VM.

»  HeCrOTRETCIRVETO MexTly MepavETIVITE Ha CHLLIECTBYBALLTE HAMOATEN HA
QVICTEV, MPOEXTVPaHA 33 O0CTTyMBaHE HA YKDYTHEHA MaQ/BU M MIQI3BaHETO
MM MOHACTOSILLIEM B YCIOBUSTA Ha APEOHO Y1 PasrioKbCaHO 3eMeNornaeaHe.
Pearva/paHeTo Ha HEpaBHOMEPHO W HE3EKBATHO BOAOPA3NpeaerieHve.
» [pomsiHa B CTpyKTypaTa Ha KynTypuTe.

» Bucoka ueHa Ha BogaTta 3a HanosiBaHe 1 gp.

MEPKU 3A E®EKTUBHO M3NON3BAHE HA BOOATA
B CBbLUECTBYBALWWUTE HANMOUTENNHU CUCTEMMU
Apanrauysita KbM MPOVEHNVBIATE KIIIMETVHH YCIO-BUs1 00yCriaBs
HeobxoayMOoCTTa OT HapacTBaHe Ha CTe-NeHTa Ha nmpuraraHeTo
Ha HarnosieaHe B bBbnrapus uM agek-BaTHa MpoMsiHA Ha
HarouTerHMTe cuctemMun. B ycrioBysita Ha NPOMEHM Ha KIMMarTa,
BOOELLM [0 BoAeH AecbvumT npes TOMmroTo nonyrogve Len Ha
YMNPaBMeHNETO Ha HaNoWTerNHaTa cucteMa Tpsioea aa Ovae:
1. OocnrypsieaHe Ha BOOA 3a HANOSIBaHE HaBpEME W B He-00XomMm1Te
KONvHECTBa Cropes, HyKavTe Ha HarnosiBa-HUTE 3eMELETICKU KyITTypu;
2. HamansBaHe Ha obLUMTE KONMYeCTBa M3ron3BaHa Boga B
HanosBaHeTo W 3arybuTe Ypes nogobpsiBaHe Ha ePeKTMBHOCTTa Ha
[OEViCTBUETO U U3MOM3BAHETO Ha HanouTenHaTa MHAPacTPyKTypa.
Mopaay orpaHVYEHUTE MHBECTULIMA, HEAOCTATBYHN 33 CTPOEXK
Ha HOBW HarouTENHU CUCTEMM, MbPBOCTENEHHA 3adaYa Tpsibea
A 6vae nopobpsiBaHe 1 0BGHOBSIBAHE Ha ChLLIECTBYBALLMTE CUCTEMM,
3a Aa ce NoBULLIM edomKac-HOCTTa M eCPEKTUBHOCTTA Ha OENCTBUETO
vv. 3a nocTyra-He Ha NoCTaBeHaTa Lier Npeq, HarovrernHarTa crctema,
no-gobpeHust TpsibBa Ja Ce U3BBbPLLUAT KAKTO B TEXHMYECKaTa
CTPYKTYPa, Taka 1 B YNPABINEHVETO 1, Taka Ye HaNMYHUAT BOOeH
PEeCypC Aa ce u3rornaea no-eqhekTmBHO 1 4a Ce HamarsiT saryoure.
Hsikon ocHOBHU Mepkn, KOMTO crefBa ga 6baaT npea-
npvetn 3a npomMsiHaTa U OOHOBSIBAHETO Ha CblUEeCT-
BYBALLUTE HANOWUTENHM CUCTEMU U YNPaBIEHNETO UM ca:
e Bn3cmaHossigaHe U MOOEpHU3auUs Ha mpaHcropm-Hama
U odopasripederniumerHaima Mpexa Ha HaroumesHUme cucmemu.
- PemOHT Ha HapyLLieHn 0bnyLOBKA Ha KaHanu OT TpaHC-NopTHaTa,
BOOOPA3NpEenerMTENHa 1 BLTPELLHO-CTONAHCKA MPEXU Ha U3PaaeHUTE
HarouTerHM cUcTeMm 1 obnMLIo-BaHe Ha HEOOMNMLIOBaHM KaHarw,
C ornea HamarsiBaHe [0 MUHMMYM Ha 3arybute oT ournTpaumsi;
- PeMOHT Ha Hen3Mnon3eaHy KbM MOMEHTA 3aTBOPHM CLOPXEHNS!
OT BoOAoOpasnpedenuTeniHata Mpexa B JIOWO TEXHUYECKO
CBbCTOsIHME 3a HaMansiBaHe Ha 3aryou OT NPOMycKu Npes TsX;
- PecOmwrawms Ha  peryivpaumte  CEOPbKEHMT  OT
BOOOP23PELENMTENHATA MpEeXa Ha HanouTenHWTe cucTeMu 3a
nogobpsiBaHe Ha 06CNyXBaHETO Ha BogonoTpeburenure,
- Bb3cTaHOBsiIBaHe Ha MOMMNEHUTE CTaHLMK,
- BbBexpgaHe Ha nogxogsM TEXHUYECKM cpeacTBa 3a
n3MepBaHe Ha BogaTa.
o [TodofpsisaHe Ha yrPageHUEITo U eKaTioamauyLsITia Ha HamoumerHama
cucmenma 3a HamarisisaHe Ha orepamusHUme 3a2ybu Ha 800a:
- KoHTpon Ha HvBaTa B kaHanuTe Hapg, peryrpaLLmte Cbo-pPKeHUs]
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fluctuations of which lead to shortages or excess water.

Automation of key structures in the water delivery network

for better operation;

- Development and implementation of operational plans for

water supply and distribution of water in irrigation canals

according requests of water users during the irrigation

season to prevent over-supply or water shortage and

reduce operational water losses;

- Application of advanced information and communication

technologies and decision support systems for improving

management of the irrigation systems.

e Improving efficiency in water
methods:

- Predominant in the country, furrow irrigation should be

applied when proven to be effective and in improved

variant, allowing reducing of water consumption;

- Adoption of efficient irrigation technologies and

equipment which use water economically and have

reduced water losses such as sprinklers and micro

irrigation as well drip irrigation;

- Training of farmers to implement modern water-saving

irrigation technologies and efficient use of water.

e |Institutional changes - joint participation in the

management of irrigation system staff of the water district

and irrigation associations. The activity of both sides must

be in coordination and cooperation for effective use of

water for irrigation. Participatory approach in the

management of the irrigation system requires:

- Creating/increasing the number of irrigation associations with

a view to cover the command area of the irrigation system.

- Establishing and enforcing appropriate legislation

regulating proper functioning and sustainability of these

associations;

- Capacity building of members of the WUA at technical

and administrative level.

application

CONCLUSIONS

Changing and upgrading of existing irrigation
systems in Bulgaria is required in connection with
adaptation to changing climatic conditions. In this paper
were identified measures that lead to more efficient
water use in irrigation systems and reduce losses. They

concern both technical improvements and better
management of the irrigation system and their
implementation should be coordinated in order to

achieve desired outcome - increased efficiency and use
of existing irrigation infrastructure. In a future upgrading,
after analysis of the technical structure and management
of irrigation system, they should be specified and built in
the short and long term plan for rehabilitation and
modernization.
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BbB BOOOPa3NpenenvTenHITE Bbaru, Koneba-HusiTa Ha KOUTO BOZSIT
[0 HeJoCTUIr U Mpepasxop, Ha Boda. ABToMaTM3aLVs Ha JAEVICTBUETO
Ha Bb3r10-B/ CLOPBXXEHVA BbB BOAOpa3npenenvrenHaTa Mpexa;
- PaspabotBaHe ¥ npunaraHe Ha oOnepaTviBHM MriaHoBe 3a
BOAOMNOAaBaHe W pasnpeneneHve Ha Bodara B HarouTern-HuTe
KaHarm criopes 3asBKATE Ha BOAOMOTpeOuUTenMTe Mo BpeMe Ha
HarMoWUTENHUS CEe30H 3a NpenoTBpaTsiBaHE Ha CBLPX [JOCTaBKUTE
W HeOCTUra Ha BoAA Y HaMarsiBaHe Ha orepaTyBHUTE 3aryou;
- MpunaraHe Ha KOMMIOTPU U CbBPEMEHHN NHGOP-MALIMOHHN 1
KOMYHMKaLWMOHHM TexHonormm 3a nopo-bpsiBaHe Ha
yrnpaBreHMEeTO Ha HAaNoOUTENHUTE CUCTEMM.
e [lodobpsisaHe Ha echekmusHOCMMa Ha rpurazaHume
MemoOu 3a HarosieaHe:
- MpeobnanaBalLoTo B CTpaHaTa HarnosisaHe no 6pasan Tpsibea aa
ce npuvnara npu JokasaHa edeKTUBHOCT, CbLLIO Taka B noaobpeHn
BapWaHTW, NO3BOSABALLY HAMArsIBaHE Ha pasxoia Ha Boaa;
- MpuraraHe Ha BACOKOMPOV3BOAMTENTHA MONMIBHA TEXHVKA Y1 TEXHOTOMM
32 HarnosiBaHe, KOWTO MO3BOSABAT MKOHOMUA HA BOAA W MMAT HamarieHm
3aryou Mpu TPAHCTIOPTVPAHETO U Pa3MNpEeaErieHVETO I, KaTo ObKOOBarHA
VHCTanaLym 1 MYKPOObXKAyBaHe, ChLLO Taka KarnkoBO HarosiBaHe;
- OGy4eHvie Ha chepmepuTe 3a MpuraraHe Ha BOOO-CNECTABALLN
TEXHOIIOMM 3a HarosiBaHe W 3a e(PEKTVBHO U3MON3BaHe Ha BoaaTa.
o VHCMUMYUUOHaITHU MPOMEHU - CHBMECTHO YHaCTVE B YTPABINEHVETO
Ha HarouTernHa cuCTeMa Ha MepcoHaria Ha XUOPOTEXHWUHECKUS
palioH 1 COpYeHusITa 3a HarnosiBaHe. [leHocTTa Ha ABeTe CTpaHv
TpsibBa [Oa € B KOOpAMHALMA U CbTPYOHUYECTBO 3a €(PEKTUBHO
u3rornaeaHe Ha BoAaTa 3a HarnosisaHe. [MoaxoabT Ha CbBMECTHO
y4acTue B yNpaBrieHVETO Ha HarouTenHaTa ccTemMa M3ncKea:
- Cb3naBaHe/ HapacTBaHe Ha Opost Ha GOpY)KeHVisTTa 3a HarosiBaHe C
Len oa ce obxeaHe usinara TepUTopust Ha HarouTenHaTa cuctema.
- Cb3gaBaHe M npunaraHe Ha noaxoadwlo 3akoHoda-
TENCTBO, ypexaallo MNpaBuITHOTO (YHKUMOHMpaHe U yc-
TOMYMBOCT Ha TE€3U CAPYKEHUS;
- N3rpaxkaaHe Ha kanauuTeT Ha YNeHOBETE Ha COPYXEHUSs -
Ta 3a HanosiBaHe Ha TEXHUYECKO U afMUHUCTPATUBHO HUBO.

3AKINMKYEHUE

lMpomsiHaTa 1 0BHOBABAHETO Ha ChLLECTBYBALLMTE B Bbr-rapus
HarNouTErTHN CUCTEMM € HeobX0aVMa BbB Bpb3ka C afarnTaLyisita KbM
MPOMEHEHUTE KIMMaTV4HM yerosus. B HacTosiwara crams Bsxa
Habensi3aHn MEePKU, KOUTO BO-ISIT 40 NO-€DEKTUBHO U3MON3BaHe Ha
BOJATa B HaMow-TeNMHUTE CUCTEMW U HamarsiBaHe Ha 3aryoure. Te ce
OTHa-CSIT KaKTO [10 TEXHU4ECKM NooOpeHst, Taka 1 40 nono-opsisaqe
Ha YMPaBMEHVETO Ha HarouTENHaTa CUCTEMa U TSIXHOTO NpuriaraHe
TpsibBa [a € KoopavHupaHo, 3a fa Ob-Oe MocTUraH >kenaHus
pesynraT — yBenMdaBaHe Ha ePeKTMBHOCTTA M W3MON3BaHEToO Ha
ChblLLEeCTBYBaLLaTa HarnouTernHa uHdppactpykrypa. Npu Gbgellara
MOAEPHU-3aLMS, Crel aHanM3 Ha TEXHUYECKaTa CTPYKTypa W yrpaB-
NEHVETO HA HarouTernHata cuctema, Te Tpsbea ga Obaar
KOHKpPEeTU3/paHM W [a HamepAT u3pa3 B KPaTKocpoyeH W
OBbIroCpPOYEH MaH 3a NPeycTPONCTBOTO U MOAEPHU3aLKSI.
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THEORETICAL AND EXPERIMENTAL VIBRATION OF TILLAGE CUTTER
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Abstract: In the paper are presented the experimental
results of the vibrations generated while operating the
tillage cutters Farm 450H. The vibration signals recording
and processing during the engine (machine) operation
aimed at highlighting the resonance frequences in the
recorded spectograms and their correlation amplitude
stationary and walking. The vibrations simultaneously
recorded on 3 perpendicular directions were measured in
stationary speed at idle.

Keywords: resonance frequency, tillage cutters, vibration,
spectrogram

INTRODUCTION

Agricultural cutters are machines that prepare the soil
for seeding by cutting, grinding and mixing it.

The tillage cutter use should be limited in case of
damaged structure soils, due to a negative effect crust that
may occur when grinding the soil after rainfall, thus
preventing the plants from growing. The exaggerated
dusting of the soil should be avoided by choosing the right
forward speed of the machine engine, as well as by
adjusting the speed of the rotor blades.

Vibrations exceeding certain limits have a negative
influence on both human health and productivity.

The human body is subjected to vibrations while
placed inside a working machine, or when parts of the
human body suffer the direct influence of the low
frequency vibrations produced by the machines, as well as
by various pneumatic tools, etc.

As such, the vibrations exceeding the limits of
tolerance can affect the human organism both physically
and intellectually, by damaging parts of the body, as well
as causing subjective phenomena.

Fatigue is known to be an important effect when the
human body is exposed to vibrations. Injuries can occur if
accelerations are quite high.

Subjective phenomena manifested by the human body
exposed to vibrations start with their perception, and are
followed by discomfort, pain, fear, etc. In fact, like with all
elastic bodies, the subjective phenomena effects can be
amplified or decreased by the human body, according to
the vibrations mechanics law.

To define accurately the vibration effects on the

human body the following must be consider
simultaneously: frequency, movement, acceleration,
and vibration energy. The vibrations perception

threshold of the human body depends on its position,
affected organ, vibration type, etc. [1], [3]

Measuring the vibrations generated by different
machines result in quantitative elements to be
compared with the admissible values in terms of human
comfort, smooth machinery operation, and construction
safety [2].

MATERIAL AND METHOD

Technical features of the tillage cutter farm 450 H
Tillage cutter Farm 450H (figure 1) can easily perform

soil high quality processing, seedbed preparation, weed

removal, as well as introducing organic and synthetic

fertilizers into the soil.
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Rezumat: 1n lucrare sunt prezentate rezultatele
experimentale ale vibrafiilor generate in timpul regimului
de lucru al frezei Farm 450H. Inregistrarile si prelucrarea
semnalelor de vibrafii in timpul funcfiondrii au avut drept
scop evidenfierea frecvenfelor de rezonanfd din
spectrogramele inregistrate si corelarea amplitudinii
acestora in stafionare gi In mers. Md&suré&torile de vibrafii
inregistrate simultan pe 3 direcfii perpendiculare au fost
efectuate si in stafionare pentru turafia de la relanti.

Cuvinte cheie: frecventd de rezonantd, freza, vibrafie,
spectrogramé

INTRODUCERE

Frezele agricole sunt magini care lucreaza solul pentru semanat
si au un efect de taiere, maruntire si amestecare a acestuia.

Folosirea frezei este limitata pe solurile cu structura
deterioratd, deoarece, in cazul precipitatiilor, maruntirea
fina a solului poate determina formarea unei cruste cu
efecte negative asupra rasaririi plantelor. De asemenea,
alegerea vitezei de Tnaintare a masinii, precum si reglarea
turatiei rotorului cu cutite trebuie s& urmareasca evitarea
pulverizarii exagerate a solului.

Vibratile ce depasesc anumite limite au o influenta negativa
atat asupra sanatatii omului, cat si asupra productivitatii muncii.

Organismul uman este supus actiunii vibratiilor cand
masginile cu care se deplaseaza vibreaza impreuna cu
acesta sau cand asupra anumitor parti ale corpului uman
actioneaza nemijlocit vibratiile de joasa frecventa produse
de masini vibratoare, diferite unelte pneumatice, etc.

Vibratiile care actioneaza asupra omului si care
depasesc limitele de tolerantd pot produce: jenarea
activitatii fizice si intelectuale, leziuni ale unor parti ale
organismului, fenomene subiective.

Oboseala este cunoscuta ca un factor important ce rezulta
din actiunea vibratiilor asupra activitdtii fizice si psihice a omului.
Leziunile se pot produce daca acceleratiile sunt destul de mari.

Fenomenele subiective care se manifesta la omul
supus vibratiilor includ perceperea lor, lipsa de
confort, durerea, teama, etc. Organismul uman, supus
actiunii vibratiilor, le amplificd sau le amortizeaza
conform legilor mecanicii vibratiilor, ca orice masa
elastica.

Pentru precizarea corectd a actiunii vibratiilor asupra
organismului uman trebuiesc luate in considerare simultan
atat frecventa, cat si deplasarea, acceleratia sau energia
vibratiei. Pragul de percepere a vibratiilor de catre corpul
omenesc depinde de pozitia acestuia, de organul solicitat,
de modul de actiune a vibratiilor, etc. [1], [3]

Masurarea vibratiilor unor masini si instalatii furnizeaza
elemente cantitative ce se pot compara cu normele pentru
valori admisibile, din punctul de vedere al confortului
omului, al bunei functionari a masinilor sau al sigurantei
constructiilor [2].

MATERIAL S| METODA
Caracteristici tehnice ale frezei farm 450H

Cu ajutorul motosapei Farm 450H (figura 1) se pot
executa usor prelucrari de teren de buna calitate,
pregatirea razoarelor pentru seminte, extirparea buruienilor,
introducerea in sol a ingrasamintelor organice si sintetice.
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Basic construction of the machine is shown in figure 2, where:
1 - drive motor (engine);

2 - reducer;

3 - rotating blades;

4 - depth stop;

5 - wings of protection.

Fig. 1- Farm 450 H / Motosapa Farm 450

The engine forms a common structural unit with the
direction, the lantern and the clutch housing, while the
right / left rotating blades are mounted on the extended
shaft of the gear. [4]

The working depth is adjusted by the depth device
attached to the towing claw of the reducer.

The working depth can be adjusted to six different
levels by varying the number of rotary blades, and by
assembling and disassembling the protective disks. The
number of the installed rotating blades is proportional with
the necessary working depth. The protective disks are to be
installed for a safer working manner. In case bigger depth is
required, the protective disks should be removed.

The working depth can be adjusted through the shoe,
as follows: the shoe up decreases the depth and vice
versa.

Farm 450H main technical features are:

Maximum power: 4.5 HP/3.3 kw

Net power: 3.5 HP/ 2.6 kw
Transmission: shaft and worm wheel gear
Settings: working depth: 10-20 cm
Working width: 35-85cm

No. of blades: 24 (6x4 sets)

Worked area: 800 m* h

Weight: 45 kg

Measured parameters
Figure 3 shows the diagram of the vibrations
measurement process, which includes:
3 B&K type 4507B001 accelerators;
A/D —NI 9233 acquisition board;
DELL laptop;
VE-10 Acceleration calibrator.

Fig. 2
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Constructia masinii de baza este prezentata n figura 2, unde:
1 — unitate motor;

2 — reductor;

3 — cutite rotative;

4 — limitator de adancime;

5 — aripi de protectie.

o

- The scheme of Farm 450 H / Schema motosapei Farm 450 H

Motorul formeaza o unitate structurala comuna cu
directia, piesa intermediara si carcasa ambreiajului, iar
culitele rotative dreapta/stdanga sunt montate la axul
prelungit al reductorului. [4]

Reglarea adancimii de lucru se face cu ajutorul dispozitivului
de adancime, anexat la gheara de remorcare a reductorului.

Prin variatia numarului de cutite rotative si prin montarea si
demontarea discurilor protectoare se pot regla sase latimi de
lucru diferite. Pentru o sdpare superficiala se monteaza mai
multe, iar pentru o sdpare mai adanca se monteaza mai putine
cutite rotative. Pentru efectuarea lucrului in sigurantd, la o
anumita l&time de lucru, trebuie montate discuri de protectie. La
saparea in adancime, discurile de protectie trebuie demontate.

Adancimea de lucru se poate regla cu ajutorul
sabotului. Regland sabotul in sus, se micsoreaza
adancimea de lucru, fixandu-I in jos, adancimea creste.

Principalele caracteristici tehnice ale motosapei Farm 450H sunt:

Putere maxima: 4,5 CP/3.3 kw

Putere neta: 3,5 CP/ 2.6 kw

Transmisie: ax melcat si roata melcata
Reglaje: adancime de lucru:10-20 cm
Latime de lucru: 35-85cm

Nr. cutite: 24 (6x4 seturi)

Suprafata lucrata: 800 m*/h

Greutate: 45 kg

Marimi masurate
Tn figura 3 este prezentatd schema bloc a lantului de
masurare a vibratiilor, care include:
trei accelerometre B&K Type 4507 B001;
placa de achizitie A/D - NI 9233;
laptop DELL;
calibrator de acceleratie VE-10.

Fig. 3 - Block diagram of the measurement chain / Schema bloc a lantului de mésuré

The vibrations measurements consisted of the
simultaneous measurement and recording on three
perpendicular axes (axial, transverse and vertical) of the
acceleration signals captured by the three Delta type
independent (built-in preamplifier) accelerators.

The three accelerators output analog signals were
transferred to an aquisition board; the aquisition board
output signals were recorded in a Dell laptop memory via
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Masuratorile de vibratii au constat in masurarea $i
inregistrarea semnalelor de acceleratie simultan pe trei
directii perpendiculare (axial, transversal si vertical)
captate de la cele trei accelerometre independente, de tip
Delta (cu preamplificator Tncorporat).

Semnalele analogice de la iesirea celor trei
accelerometre au fost introduse intr-o placa de achizitie,
iar semnalele digitalizate de la iesire fiind inregistrate Tn
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the dFBA program. memoria unui Laptop Dell prin utilizarea programului dBFA.

In figure 4 - named base of the cutter, is shown the Pozitia In care a fost montat primul accelerometru este
position of the first accelerator, in figure 5 it is shown the redata in figura 4 - numita baza freza, al doilea accelerometru
second accelerator mounted on the handle plate, the a fost montat pe placa manerului, pozitia sa fiind
third accelerator was mounted on the handle as shown prezentata in figura 5, iar cel de-al treilea accelerometru
in figure 6. este montat pe maner si este prezentat in figura 6.

Fig. 4 — Position of the first accelerometer /  Fig. 5 - Pos second accelerometer/  Fig. 6- Position of the third accelerometer /
Pozitia primului accelerometru Pozitia celui de-al doilea accelerometru Pozitia celui de-al treilea accelerometru

The 2000 Hz sampling frequency prevents the folding Frecventa de esantionare de 2000 Hz este acoperitoare
phenomenon as well as the processing errors. Before pentru evitarea fenomenului de pliere (aliasing) si a erorilor de
starting the measurements, every channel was calibrated prelucrare. Tnaintea Tnceperii méasuratorilor de vibratie, fiecare
with a VE-10 vibrations calibrator that generates a 159.2 canal a fost etalonat cu ajutorul unui calibrator de vibratii VE-10,

Hz and 10m/s? calibrating signal. care genereaz: un semnal etalon de 10 s, la frecventa de 159,2 Hz.

The time-frequency analysis shows the following: Analiza Tn domeniul timp si in domeniul frecventa

- the evolution in time of the accelaration, speed permite prezentarea urmatoarelor aspecte:

and movement signals, showing the - desfagurarea in timp a semnalelor de acceleratie, viteza si
instantaneous values of these parameteres in deplasare, reprezentand valoarea instantanee a
m/s?, m/s and m; acestor marimi exprimate in m/s®, m/s, respectiv, m;
the frequency ranges within 0.5 Hz and 1000 - spectrele de frecventda pe domeniul de frecventa
Hz. cuprins ntre 0,5 Hz si 1000 Hz.

The spectrograms can be read rms range values for Pe spectrograme pot fi citite valorile spectrale rms pentru
the two spectral parameters (speed and accelerators), as cei doi parametrii (viteza si aceleratie), precum si valorile globale
well as the rms global values within 0.5 Hz and 300 Hz. rms pe domeniul de frecvente cuprins intre 0.5 Hz $i 300 Hz.
RESULTS REZULTATE

In figure 7 are shown the spectrograms of vibrations in figura 7 sunt prezentate spectrogramele vitezei
speed to base of each cutter on vertical direction. vibratiilor la baza frezei pe directie verticala.
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Fig. 7 - The spectrograms of vibration speed to base of the cutter on the vertical direction: a — stationary ; b — walking /
Spectrogramele vitezei la baza frezei pe directie verticala: a — stationar; b - in lucru

In figure 8 are shown the spectrograms of speed of in figura 8 sunt prezentate spectrogramele vitezei
vibration to base of the cutter on the axial direction. vibratiilor la baza frezei pe directie axiala.
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Fig. 8 - The spectrograms of vibration speed to base of the cutter on the axial direction: a — stationary; b — walking /
Spectrogramele vitezei la baza frezei pe directie axiala: a — stationar; b - in lucru
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In tables 1 and 2 are shown the global, rms values of
the vibrations speed (axial, transversal and vertical) to the
base of the cutter and the dominant spectral components
at the fundamental frequency of 47 Hz working,
respectively 43 Hz in stationary.

INMATEH — icultural

Tn tabelele 1 si 2 sunt trecute valorile globale, rms, ale
vitezei vibratiilor (axiale, transversale si verticale) la baza
frezei si ale componentelor spectrale dominante la
frecventa fundamentala de 47 Hz n lucru, respectiv 43 Hz
n stationar.

Table 1/ Tabelul 1

Speed - base, walking / Viteza —baza, in lucru

Direction of measurement / Global value / Valoare globala The frequency / Val?area la frecventd
Directia de masurare [mm/s] [mm/s]
’ ~47 Hz
Axial / Axialad 20.7 /20,7 9.28/9,28
Cross / Transversalad 35.2/35,2 27.6/27,6
Vertical / Verticala 19.5/19,5 9.06 /9,06

Table 2/ Tabelul 2

Speed - base, stationary / Viteza —baza, stationar

L . The frequency / Valoarea la frecventa
Direction of measurement / Global value / Valoare globala [mm/s] ’
Directia de masurare [mm/s]
’ ~43 Hz
Axial / Axialad 20.0/20,0 14.2/14,2
Cross / Transversala 37.1/37,1 -
Vertical / Verticald 10.7/10,7 5.59 /5,59

Table 3 presents the values of the spectral
components of the vibration amplitudes containing high
frequencies 25 Hz, 50 Hz, 75 Hz.

n tabelul 3 sunt prezentate valorile componentelor
spectrale ale vibratiilor ce contin amplitudini ridicate la
frecventele 25 Hz, 50 Hz, 75 Hz.

Table 3/ Tabelul 3

Speed - handle, walking / Viteza — maner, in lucru

Direction of measurement/ | Global value / Valoare globala The frequency /{%zrarll?grea la frecventd
Directia de méasurare [mm/s] 25z 50 Hz T
Axial | Axiala 24.8/24,8 24.6 /24,6 25/25 4.2514,25
Cross / Transversala 34.3/34,3 27.4127,4 19.2/19,2 8.13/8,13
Vertical / Verticald 38.5/38,5 29.1/29,1 21.2/21,2 -
CONCLUSIONS CONCLUzII
Resonance frequency in the vertical direction Frecventa de rezonanta pe directie verticala

corresponding to engine speed increases from 43 Hz to 47
Hz and the vibration level increases from 5.59 mm / s to
9.06 mm / s — for the accelerometer mounted on the base
of the cultter.

During work other spectral components with high
amplitudes appear but below the corresponding engine
speed. They found higher overall values for vertical
and axial direction and lower for cross direction.

Reducing vibration on transversal direction is due to
their damping by the land.

Differences in working spectrograms of vibration base
and handle are due to different measurement conditions,
which are performed at different times.

For  future measurements a  simultaneous
measurement of vibration in both the stationary and the
three-way direction should be done.
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corespunzatoare turatiei motorului creste de la 43 Hz la
47 Hz, iar nivelul vibratiilor cregte de la 5,59 mm/s la
9,06 mm/s — pentru accelerometru montat la baza
frezei.

Tn timpul lucrului apar si alte componente spectrale cu
amplitudini ridicate, dar inferioare celor corespunzatoare turatiei
motorului. S-au constat valori globale mai ridicate pentru
directiile verticala si axiald si mai scazute pentru directia transversala.

Reducerea vibratiilor pe directie transversald este
datorata amortizarii acestora de catre teren.

Diferentele dintre spectrogramele vibratiilor in lucru ale
bazei si manerului apar datoritd conditilor de masurare
diferite, acestea fiind efectuate la momente diferite.

Pentru masurarile viitoare se impune o masurare
simultana a vibratiilor atat in stationare, cat si in lucru pe
cele trei directii.
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la literatura de specialitate. Discutiile, speculatiile si
interpretarea detaliata a datelor nu trebuie sa fie incluse in
rezultate, ci trebuie incluse in capitolul Concluzii. Subcapitolele
trebuie utilizate.

CONCLUZIILE trebuie sa interpreteze constatarile in ceea
ce priveste rezultatele obtinute Tn aceastd lucrare si in
studiile anterioare pe aceastd tema. Concluziile generale
vor fi prezentate in cateva fraze la sfarsitul lucrarii.
Rezultatele si discutiile pot include subpozitii, si atunci
cand este cazul, ambele sectiuni pot fi combinate.

Multumirile catre oameni, cei care au acordat burse,
fonduri, etc., trebuie sa fie scurte (daca este necesar).

Tabelele trebuie mentinute la un nivel minim si sa fie
proiectate pentru a fi cat mai simple posibil. Tabelele vor fi
scrise la un rand, inclusiv titlurile si notele de subsol.
Fiecare tabel trebuie scris pe intreaga latime a paginii,
intre textul in care se face trimitere; coloanele sunt
eliminate - o singura coloana (vezi atasat modelul).
Tabelele trebuie sa fie auto-explicative, fara referire la text.
Detaliile cu privire la metodele utilizate in experimente
trebuie sa fie, de preferinta, descrise in legenda si nu in
text. Aceleasi date nu trebuie prezentate atat in tabel cat si
sub forma grafica (decat daca este absolut necesar) sau
repetate in text. Titlul tabelului va fi scris centrat, bold (in
engleza) si bold italic (in limba maternd), separate de un
slash (/). In tabel, fiecare rand va fi scris in limba engleza
(9 pt., normal) / limba materna (9 pt., italic). Tabelul si
numarul acestuia se scrie aliniat la dreapta, bold - in limba
engleza si bold italic in limba matern&, despartite de un slash (/).

Figurile trebuie scrise in ordine numerica. Grafica trebuie
realizata utilizand aplicatii capabile sa genereze JPEG de
fnaltd rezolutie, Tnainte de a introduce in dosarul
manuscris Microsoft Word (Insert - From File - ... JPEG).
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...jpeg). Use Arabic numerals to designate figures and
upper case letters for their parts (Figure 1). Begin each
legend with a title and include sufficient description so that
the figure is understandable without reading the text of the
manuscript. Information given in legends should not be
repeated in the text. Each figure must be inserted on the
entire width of the page, into the text where reference is
made, single columns (see attached sample). Leave a
space between the figure and the text of figure, size: 3 pt.,
figure number is written in Arial bold, size: 8 pt., followed
by what represent the figure or graph, written with Arial,
regular, 8 pt. Left to write in English (regular), followed by a
separating slash (/) and text in native language (Arial italic).
Eg:
Fig 1 - Test stand / Stand de testare (size: 8 pt.)

The figures should be "In line with text" - Center, not
"Square"; "Tight"; "Behind text" or "In front of text" (from
"Format picture" - right mouse button on picture and then
"Layout".

Mathematics

Authors must provide instructions on how symbols and
equations should be set. Equations should be numbered
sequentially in the right-hand side and in parenthesis. They
should be referred to in the text as Equation (4) or Eg. (4).
Each equation must be written on the entire width of the
page, into the text where reference is made, the columns
are broken (see attached sample).

REFERENCES: are made in the text; a reference
identified by [1], [2], ... [n] is written in the order that was
placed at the end of the work - alphabetically.

Example:

(1], (2], [3], ... [n]

References should be listed at the end of the paper in
alphabetical order. Articles in preparation or articles
submitted for publication, unpublished observations,
personal communications, etc. should not be included in
the reference list but should only be mentioned in the
article text (e.g., A. Danciu, University of Bucharest,
Romania, personal communication). Authors are fully
responsible for the accuracy of the references.

Examples:
Journal / Magazine:

[1]. Nicolescu M.A. (2007) - Relevant characteristics of
alternative liquid fuels aimed at diesel engines exploitation
in polycarburation duty. INMATEH - Agricultural Engineering,
vol. 27, no. 1/2009, ISSN 1583-1019, pg. 50-55.

[2]. Pirna I, Nicolescu M., Marin M., Voicea | (2009) -
Alternative supply of agricultural tractors with raw oils.
INMATEH - Agricultural Engineering, vol. 29, no. 3/2009,
ISSN 1583-1019, pg. 89-92.

Conference or Symposium:

[1]. Bungescu S, Stahli W, Birig S, Vladut V, Imbrea F,
Petroman C (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on
Agricultural Engineering "Actual Tasks on Agricultural
Engineering”, Opatija - Croatia, ISSN 1333-2651, pg.
177+184.

Book:

[1]. Vladut V (2009) - Studiul procesului de treier in
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Romania.

Book Chapter:

[1]. Vladut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. In: Studiul
procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
Dissertation / Thesis:

INMATEH — icultural

Folositi cifre arabe, pentru a desemna cifre si litere
majuscule pentru partile lor (Figura 1). Incepeti fiecare
legenda cu un titlu care sa includa o descriere suficienta,
astfel incat figura sa poata fi inteleasa, fara citirea textului
din manuscris. Informatiile furnizate in legende, nu trebuie
repetate Tn text. Fiecare figura trebuie introdusa pe
intreaga latime a paginii, Tn text, acolo unde se face
referire, 0 singura coloana (vezi atasat esantion), centrat.
Lasati un spatiu intre figura si textul figurii, marimea: 3 pt.;
numarul figurii va fi scris cu bold, 8 pct., centrat, urmat de
ceea ce reprezintd figura sau graficul, scris cu 8 pt.,
normal. Prima datd se scrie textul in limba engleza
(normal), urmat de un slash (/) apoi textul in limba materna
(italic). Exemplu:

Fig. 1 - Test stand / Stand de testare (marimea: 8 pt.)
Figurile introduse trebuie sa fie "In line with text" - Center,
nu "Square”; "Tight"; "Behind text" or "In front of text" (din
"Format picture” - butonul dreapta mouse pe figura si apoi
"Layout").

Formulele matematice, ecuatiile: autorii trebuie sa
furnizeze instructiuni privind modul de simbolizare si de
ecuatii stabilite si utilizate. Ecuatiile trebuie numerotate
secvential, in partea dreaptd si in paranteze. Ele trebuie
mentionate in text ca ecuatia (4) sau Ex. (4). Fiecare
ecuatie trebuie scrisa pe intreaga latime a paginii, in text,
acolo unde se face referire, o singura coloana (vezi atasat
model).

REFERINTELE: se fac in text; o referinta identificata prin
intermediul [1], [2], ...[n], se scrie in ordinea in care a fost
trecuta la sfarsitul lucrarii - ordine alfabetica.

Exemplu:

(11, 2] [3], .., [n]

Referintele trebuie prezentate la sfarsitul lucrarii in
ordine alfabetica. Articole in curs de pregatire sau articole
trimise spre publicare, observatiile nepublicate, comunicarile cu
caracter personal, etc, nu trebuie incluse in lista de
referinta, dar pot fi mentionate in textul lucrarii (exemplu,
A. Danciu, Universitatea din Bucuresti, Romania,
comunicare personald). Autorii sunt pe deplin responsabil
pentru exactitatea referintelor.

Exemple:
Jurnal / Revista

[1]. Nicolescu M.A. (2007) - Proprietétile relevante ale
combustibililor lichizi alternativi vizati pentru exploatarea
motoarelor diesel Tn regim policarburat, INMATEH -
Inginerie Agricola, vol. 27, nr. 1 / 2009, ISSN 1583-1019,
pg. 50-55;

[2]. Pirna I, Nicolescu M., Marin M., Voicea | (2009) -
Alimentarea alternativd a tractoarelor agricole cu uleiuri
vegetale crude, INMATEH - Inginerie Agricola, vol. 29, nr.
3/2009, ISSN 1583-1019, pg. 89-92.

Conferinta / Simpozion

[1]. Bungescu S, Stahli W, Biris S, Vladut V, Imbrea F,
Petroman C (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on Agricultural
Engineering "Actual Tasks on Agricultural Engineering",
Opatija - Croatia, ISSN 1333-2651, pag. 177+184.

Carte

[1]. VIadut V (2009) - Studiul procesului de treier n
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Roméania.

Capitol din carte

[1]. Vladut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. in: Studiul
procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
Disertatii / Teze de doctorat
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[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu masini agricole
pentru pregdtirea terenului in vederea insdmantarii. PhD
dissertation, University of Transylvania Brasov, Brasov,
Romania.

Units, Abbreviations, Acronyms
= Units should be metric, generally SlI, and
expressed in standard abbreviated form.
= Acronyms may be acceptable, but must be
defined at first usage.

2. SHORT COMMUNICATIONS

Short Communications are limited to a maximum of two
figures and one table. They should present a complete
study that is more limited in scope than is found in full-
length papers. The items of manuscript preparation listed
above apply to Short Communications with the following
differences: (1) Abstracts are limited to 100 words; (2)
instead of a separate Materials and Methods section,
experimental procedures may be incorporated into Figure
Legends and Table footnotes; (3) Results and Conclusions
should be combined into a single section.

3. REVIEWS

Summaries, reviews and perspectives covering topics of
current interest in the field, are encouraged and accepted
for publication. Reviews should be concise (max. 8 pages).
All the other conditions are similar with regular articles.

INMATEH — icultural

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu magini agricole
pentru pregétirea terenului in vederea insdmantarii. Teza
de doctorat, Universitatea Transilvania Brasov, Brasov,
Romaénia.

Unitati, Abrevieri, Acronime
= unitatile metrice trebuie sa fie, in general, Sl, si
exprimate in forma prescurtata standard;
= acronimele pot fi acceptate, dar trebuie sa fie
definite la prima utilizare.

2._.COMUNICARILE SCURTE

Comunicarile scurte sunt limitate la maxim 2 figuri si un
tabel. Acestea trebuie sa prezinte un studiu complet, care
este mai limitat decat in cazul articolelor normale (de
dimensiuni mai mari). Elementele de pregatire a articolelor
normale (manuscriselor) enumerate mai sus se aplica si la
comunicarile scurte, cu urmatoarele diferente: (1) Rezumatul
este limitat la 100 cuvinte; (2) capitolele Materiale si
Metode, Procedurile experimentale pot fi scrise impreuna,
incorporand figurile si tabelele; (3) Rezultatele si
Concluziile pot fi combinate intr-o singura sectiune.

SINTEZELE

Sintezele, comentariile si perspectivele acoperind subiecte
de interes din domeniu sunt incurajate si acceptate spre
publicare. Sintezele trebuie sa fie concise si nu mai mari 8
pagini. Toate celelalte conditii sunt similare cu cele de la
articolele normale (obisnuite), enumerate mai sus.
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