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MATHEMATICAL MODEL OF THE DISTRIBUTION DEVICE OPERATING ON THE
MECHANICAL-PNEUMATIC SOWING MACHINE SDC

/

MODEL MATEMATIC AL PROCESULUI DE LUCRU EFECTUAT DE APARATULUI DE
DISTRIBUTIE AL SEMANATORII MECANO-PNEUMATICE SDC

Mat. Cardei P.”, Ph.D. Eng. Manea D.", Prof. Ph.D. Eng. Popescu S.?, Ph.D. Eng. Lazar S.?
DINMA Bucharest / Romania, Ayniversitatea Transilvania din Brasov / Romania, 3)University Novi Sad / Serbia
Tel: 021-2693276; e-mail petru_cardei@yahoo.com

Abstract: This paper presents a mathematical model of
the device process of distribution equipment of the SDC
drill. The mathematical model aims to determine the seed
rate variation on the working speed of the drill. Using this
result is obtain the range of the work speed so that the
seed rate is constant Is shows that the length and the
limits of this range depend on the type of the used seeds.
With these results it is defined the range of the working
speed for each type of seed used. The working speed can
be optimally chosen so as to obtain a maximum working
capacity.

Keywords: distribution equipment, mathematical model,
drill

INTRODUCTION

The list of the mathematical model parameters appear
in the Table 1. The list contains a total of 24 parameters to
describe the distribution process [9]. The distribution
device is a device with grooved cylinders, [3] or [4], often
used in construction distribution apparatus [5], [10].

Rezumat: Lucrarea prezintad un model matematic al procesului
de lucru al aparatului de distributie al semanétorii SDC.
Scopul modelului matematic este determinarea dependentei
normei de seminfe administrate de viteza de lucru a agregatului.
Folosind acest rezultat se obtine intervalul de variafie al
vitezei de lucru Tn care norma de seminfe este constanta.
Se arata ca lungimea acestui interval si marginile sale depind
de tipul de seminfelor folosite. Cu ajutorul acestor rezultate se
defineste intervalul vitezei de lucru pentru fiecare tip de
sdmanta folosit. Viteza de lucru poate fi aleasa optimal
astfel incéat sa se obtina o capacitate de lucru maxima.

Cuvinte cheie: aparat distributie, model matematic,
semanatoare

INTRODUCERE

Lista parametrilor modelului matematic apare n tabelul
1. Lista contine un numér de 24 de parametrii folositi
pentru a descrie procesul de distributie [9]. Aparatul de
dozare a semintelor de tip cilindru canelat, [3] sau [4] este
des utilizat in constructia aparatelor de distributie [5], [10].

Table 1/ Tabelul 1

List of the parameters of the mathematical model / Lista parametrilor modelului matematic

Name / Denumire

Center angle of the grooved drum, coresponding to the size of the loading sector /
Unghiul la centrul cilindrului canelat, corespunzator deschiderii sectorului de alimentare

Center angle of the grooved drum, coresponding to a groove /

Unghiul la centrul cilindrului canelat, corespunzator deschiderii unei caneluri

Constant angular speed of the grooved drum /

Viteza unghiulara constanta a cilindrului canelat

Grooved cylinder radius / Raza cilindrului canelat

Intake rope groove of the material inside the fuel system (opening) /

Coarda de admisie a materialului in caneluréa in interiorul sistemului de alimentare (deschiderea)

The average height of a seed falling on the rope groove inlet /

Inéltimea medie de cédere a unei seminte pe coarda de admisie a canelurii

The average speed of fall of a seed inlet section groove /

Viteza medie de cddere a unei seminte in sectiunea de admisie a canelurii

Gravitational acceleration / Acceleratia gravitationala
The length of the inlet groove / Lungimea de admisie a canelurii

Loading groove volume flow / Debitul volumic de incarcare al canelurii
Groove cross-sectional area / Aria sectiunii transversale a unei caneluri

Cylinder rotational speed / Turatia cilindrului
Driving whell rotational speed / Turatia rotii de actionare

Angular velocity of the drive whell / Viteza unghiulara a rotii de actionare

Number of grooves / Numarul de caneluri
Mass density of seeds / Densitatea de maséa a semintelor

Working width of the sowing machine / Latimea de lucru a masinii de seméanat

Drive wheel radius / Raza rotii de actionare

Gear ratio / Raport de transmisie

Working speed of the machine / Viteza de lucru a maginii
Critical speed / Viteza critica

Horizontal angle of the front wall of the groove from which became the discharge /
Unghiul cu orizontala al peretelui frontal al canelurii de la care incepe descércédrea

Slope angle of the seeds / Unghiul de taluz al semintelor
Usage coefficient of cross-sectional area of groove /
Coeficientul de utilizare a ariei sectiunii transversale a canelurii

Measuring unit /

Notation / 8
Notatie Unltvate qe
’ masura
a radians / radiani
y radians / radiani
w radians/s /
radiani/s
r M
o M
h M
w m/s
g m/s®
L M
q m®/s
A m?
n rot/s / rotatii/s
Ng rot/s / rotatii/s
radians/ s /
p radiani/s
Z -
Vs kg/m?®
Bm M
R M
i‘ -
\ m/s
Ver m/s
B radians / radiani
6 radians / radiani
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MATERIAL AND METHOD
Groove loading

Be to the time at which the edge A (Fig. 1) has a
groove reaches the point M, grooved cylinder rotation
being made, according with Fig. 1, in clockwise. It is
considered that the time t;, the edge B of the groove
passes through right point M, t; it is the time when the
edge A of the groove passes through the right point N,
and the time ts, is the time when the edge B of the groove
passes through the right point N, the groove leaving the
loading zone. Using measures of central angles of the
loading sector MON and of the groove AOB (Fig. 1) and
angular speed rotation of the cylinder (considered
constant) the times t3, t2 and t3 , get the next expressions:

g=L+tpt, =<
w w

Is accepts the hypothesis that a > y. The roll center
angle of the groove open area during through the loading
sector crossing, has the expression:

ok,

B =17t

7/_

outside of this time range the expression of this angle
being not interesting for the problem investigated. The
length of the rope of admission of the seeds in the groove
is determined at the beginning of the edge A of the groove
(immediately after its entry into the loading sector) and to
the edge corresponding to the point M of the loading
system. Once the edge B of the groove comes into
loading sector the rope of seeds loading became
constant, the rope AB. Once the edge B of the groove
exceed the loading sector, the rope of seeds loading
reduces its length by a reverse process of the increased
length, being marked by the edge B of the groove and by
the edge N of the loading system. Mathematical
expression of this behavior is described by equations (3),
where, for simplicity, is considered to=0.

INMATEH - icultural

MATERIAL S| METODA
incarcarea unei caneluri

Fie to timpul la care muchia A (fig. 1) a unei caneluri
ajunge la punctul M, rotatia cilindrului canelat facandu-se,
in conformitate cu fig. 1, Tn sensul acelor de ceasornic. Se
considera ca la timpul t1;, muchia B a canelurii trece prin
dreptul punctului M, t; este timpul la care muchia A a
canelurii trece prin dreptul punctului N, iar timpul ts,
momentul la care muchia B a canelurii trece si ea prin
dreptul punctului N, canelura parasind zona de incarcare.
Folosind masurile unghiurilor la centru ale sectorului de
incarcare MON si canelurii AOB (fig. 1) si viteza
unghiulara de rotatie a cilindrului (consideratd constanta)
timpii ty, t2 Si t3 primesc urmatoarele expresii:

o+
+1p.13 = /4 +1p
1)
Se admite ipoteza ca a > y. Unghiul la centrul
cilindrului al zonei deschise a canelurii pe durata unei

parcurgeri a sectorului de incarcare, are expresia:
te [0,t1)

elt.tp)
o(t—t),tety,t3] )

in afara acestui interval de timp expresia acestui unghi
nefiind interesantd pentru problema investigata. Lungimea
coardei de admisie a semintelor in canelura este determinata
la inceput de muchia A a canelurii (imediat dupa intrarea
acesteia in sectorul de incarcare) si de muchia
corespunzatoare punctului M a sistemului de alimentare.
Dupa ce muchia B a canelurii intra in sectorul de incarcare
coarda de incarcare a materialului devine constanta, coarda
AB. Dupa ce muchia A a canelurii depaseste sectorul de
incarcare, coarda de admisie a semintelor isi micsoreaza
lungimea dupa un proces invers celui Th care lungimea a
crescut, fiind marcata de muchia B a canelurii si de muchia N
a sistemului de Tncarcare. Expresia matematica a acestui
comportament este descrisa de ecuatiile (3), in care, pentru
simplitate, am considerat t,=0.

Fig. 1 - Grooved cylinder scheme in the loading sector / Schema cilindrului canelat in sectorul de incércare.

2rsin

S(t)=42rsin

%t,te[o,lj
@ (3)
rfre)
2 0 o
e
® ,te[z,m}
2 o o
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Next, to describe the process of loading the seed
groove is assumed that the seeds fall from the hopper
with a speed corresponding to an average height. It
follows that the rate of penetration into the loading sector
of the groove is given by formula (4).

INMATEH - icultural

n continuare, pentru a descrie procesul de incércare
al canelurii cu seminte, se presupune ca din buncar
semintele cad gravitational cu o vitezd corespunzatoare
unei naltimi medii. Rezultd ca viteza de patrundere in
sectorul de incarcare a canelurii este data de formula (4).

w=./2gh (4)

Inlet section of the groove during a pass through the
loading zone is given by the product:

Sectiunea de admisie a canelurii pe timpul unei treceri
prin zona de incarcare este data de produsul:

S(t) =Ls(t) ®)

Using the relations (5) and (4), the groove feed Folosind relatile (5) si (4), debitul volumic de
volumetric flow has the form (6). alimentare a canelurii are forma (6).

q(t) =wS(t) =wLas(t) (6)

Then the volume of a groove-laden seeds to a pass
through the loading sector is calculated using formula:

Atunci volumul de seminte incarcat de o canelura la o
trecere prin sectorul de incarcare se calculeaza folosind
formula:

_ t3 _ t3
V= jo q(s)ds =wL jo 5(s)ds ™

In fact, the grooves have a maximum usable volume. If
the volume of the groove is filled before leaving the
loading sector, then, at the moment of the leaving this
area, the transported volume by the groove is brought to
the value given by the formula (8):

in realitate, canelurile au un volum maxim utilizabil.
Daca volumul canelurii este umplut inainte ca respectiva
canelura sa paraseasca sectorul de incarcare, atunci, la
parasirea acestei zone, volumul transportat de canelura
este adus la valoarea data de formula (8):

In practice, the maximum usable volume of the groove
is calculated with a value of cross-sectional area smaller
than one used in (8). The free wall of the transported
material (the top seed in the groove) gets a tilt angle equal
to the slope angle of the material (fig. 2).

Taking into account the parameters of the discharge
process (see Fig. 2), the coefficient of the cross-sectional
area of the groove has the expression:

o=

sin(@+ )

Tn practica, volumul maxim utilizabil al canelurii se calculeaza
cu o valoare A a ariei sectiunii transversale mai mica decat cea
folosita in (8). Peretele liber al materialului transportat (zona
superioara a semintelor din canelurd), capata o inclinare de
unghi egal cu unghiul de taluz al materialului (fig. 2).

Tindnd seama de parametrii procesului de descarcare
(vezi fig. 2), coeficientul de utilizare a ariei sectiunii
transversale a canelurii are expresia (10):

9)

sin(y +6+ )
M
B
¥
0 A=N
Ul
f

Fig. 2 - Schedule for completion of the filling process start downloading groove /
Schema procesului de finalizare a umplerii si de incepere a descércarii canelurii

Vemax = LAS (10)

Thus, the real maximum seeds volume loaded by a
groove is:

Is obtain the formula of the volume of the seeds extract
by a groove from a passage through the loading sector:

rwL 4 Y
2——| 4| 1-cos= |+(a—y)sin=

[0

Ve max» daca ZM{{l—cosg}(a —y)sinﬂ >Ve max

The inequality which making the separation in (11) has
a clear explication in the working of the mechanism of
distribution, and leads to the existence of a critical speed

, dacazrvw'{{l—cosgj +(a—y)sin 72/} <Vemax

Astfel, volumul maxim real al semintelor incarcate de o
canelura este:

Se obtine pentru volumul de seminte extras de o
canelura la o trecere prin sectorul de incarcare, expresia:

@ 11)

)

Inegalitatea care efectueaza separarea in (11) are o
explicatie clara in functionarea mecanismului de
distributie si conduce la existenta unei viteze critice a
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of the process of distribution device, which have the next
expression:

Ver

With (11), the relation (10) is simplified:

V= 0]

2%{4(1— COS%) +(a—y)sin ﬂ ,dacav > vy
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procesului de lucru al aparatului de distributie, avéand
expresia:

_ 2rRwity (a,7) 12)

Ap
Cu (11), relatia (10) se simplifica:

, (13)

Ve max - dacav < vgr

Between the kinematic parameters of the drill there
are the next relations:

Intre parametrii cinematici ale semd&natorii exista
relatiile:

®=27Ny (14)
p=27nR (15)
NR =kNr - (16)

Using the relation (13) and introducing the working
speed, v, is obtain:

nR =

Consequently, the dispensed volume as a groove is
expressed:

Folosind relatia (13) si introducand viteza de lucru, v,
se obtine:

P__V a7
27 2nR

n consecintd, volumul dozat de o canelura are
expresia:

LRi
Vean rWV k v(a.y) (18)

where: in care
l//(a,}/):4( —Cosg]+(a—7)sing (19)

is a function by the distributor geometry.

RESULTS
Calculus of the seeds rate
The seeds rate is calculate using the next formula:

este o functie de geometria distribuitorului.

REZULTATE

Calculul normei de seminte administrata

Norma de seminte administrata pe unitatea de suprafata
se calculeaza folosind formula:

_ Z:7s .V (20)
27RBpy,

Using the relations (13) — (20), is obtaining the form

Folosind relatiile (13)-(20), se obtine forma (21) a
normei de seminte administrata pe unitatea de suprafata:

(21) for the seeds rate:
ZysAp

—-L, daca v <vg

N(L,v) = (21)
Zystw L

7Bm

The formula (21) as all other formulas provide sizes
calculated in the international system of units, so that
seed rate (21) is given in kg/mz. To make the switch in
the unit kg/ha, multiply the resulting value (21) with value
10000.

Comparisons with experimental data

In aim to check the theory by comparison with
experimental data are using the data published in [6], [7] and
[8]. Graphical representation of these data is show in Fig. 3.
From the experimental data results next observations:

1 - seed rate decreases with increasing of the working
speed, if the active length of the groove is kept
constantly. Downward trend is however not only a
major character (66.67 % of cases — Fig. 3), for 16.67
% of cases the trend is increasing and for 16.66 % of
cases presenting a point of extreme (minimum) in the
rage of work rates.

2 - for a fixed working speed, the increase of the seed rate
is easily, but visible, nonlinear. Nonlinearity occurs without
exception in all experimental cases. It appears that the
curves are 66.67 % concave and 33.33 % are convex.

3 - different behavior for different materials leads to the

Ny w(a,y), daca v=vgy

Formula (21) ca si toate celelalte formule furnizeaza
marimile calculate in sistemul international de unitati de
masura, astfel incat norma (21) este data in kg/m?. Pentru a
face trecerea in unitatea de masura kg/ha, se inmulteste
valoarea rezultata in (21) cu 10000.

Comparatii cu date experimentale

Pentru a verifica teoria prin comparatie cu date
experimentale se folosesc datele publicate de [6], [7] si
[8]- Reprezentarea grafica a acestor date apare in fig. 3.
Din datele experimentale rezulta observatiile :

1 - norma de seminte administratd scade cu cresterea
vitezei de lucru, daca lungimea activa a canelurii este
mentinutd constantd. Tendinta de descrestere nu are
totusi decat un caracter majoritar (66,67 % din cazuri —
fig. 3), Tn 16,67 % din cazuri tendinta fiind crescatoare si
in 16,66 % din cazuri prezentand un punct de extremum
(minim) in intervalul de variatie al vitezelor de lucru.

2 - pentru o viteza de lucru fixata, cresterea normei de seminte
administrate este usor, dar vizibil, neliniara. Neliniaritatea se
manifestd Tn toate cazurile experimentale. Se constata ca
66,67 % din curbe sunt concave si 33,33 % sunt convexe.

3 - comportamentul diferit pentru materiale diferite,
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conclusion that the speed rate can depend on the seed
type. This parameter is not quantified and therefore this
aspect is not commented in this paper.

These observations are well highlighted in the
graphical representation of the experimental data, which
is shown in Fig. 3.

Using these experimental data and the speed of fall of
seeds of the bunker as a calibration parameter of the
seed rate (by the method of least squares, [1], [2]), are
obtained the values of seeds descent speed of the bunker
for the four types of seed in Table 2. Also are obtained the
values of the precision data estimator given by the
formula (21) for the experimental data. In Table 2 is given
the critical velocity for each of the seeds used in
experiments.

INMATEH - icultural

conduce la concluzia ca este posibila variatia normei cu
tipul de seminte. Acest parametru nu a fost cuantificat si
nu discutam acest aspect in cadrul acestui articol.

Aceste observatii sunt bine puse in evidentd de
reprezentarea grafica a datelor experimentale, care apare
n fig. 3.

Folosind aceste date experimentale si viteza de cadere
a semintelor din buncar drept parametru de calibrare a
normei (prin metoda celor mai mici patrate, [1], [2]), se
obtin pentru cele patru tipuri de seminte valorile din
tabelul 2 ale vitezei de coborare din buncar. Se obtin si
valorile estimatorului de precizie al reprezentarii date de
formula (21) pentru datele experimentale. Tot Tn tabelul 2
este datd viteza criticAd pentru fiecare dintre semintele
folosite Tn experiente.

Wheat \ grau Barley \ orz Oatmeal \ ovaz Alfalfa s lucemna
600 T 400 T 300 T 40 T
kg/ha kgha kgha kgha
‘ 0 --_‘"" -1
% 400 - -1 200 - - 7
= ) 200 . & 20 -
& 74 7 v

% o g R P 1 wof i
£ // Pt ! -~ m
D I m ol-= 1 . 1 1 n
T 0 0.08 o1 0 0.05 01 "o 0.05 Yo 0.05 0.1
‘gu grooves active length \ Jungimea activa a caneluri
>
8 600 T T 400 T T 300 T T 40 - :
Sy kg/ha kgha kgha kgha
QD 0+ -
E 400 - - 200 -
e 200 - 1 wl T 4
Q
& W[ T . 100 i ] |

" - ~ m's . _T__?___m'S 6 T—‘ T m's " L | m’s

1 2 3 15 2 25 3 15 2 25 3 15 2 25 3

working spéed \witeza de lucru

Fig. 3 - Graphical representation of experimental data: seed rate change in report with the active length of the groove and with
working speed / Reprezentare grafica pentru datele experimentale: variatia normei medii de insédméntare cu lungimea activa a canelurii
si cu viteza de lucru.

Table 2/ Tabelul 2

Experimental modeling parameters values (formula (16) / Valori ale parametrilor de modelare ai experientelor (formula (16)

Type of seeds / Mass density of Tank falling speed value / Precision estimator / Threshold speed /
Tipul de seeds / Densitatea Valoarea vitezei de cadere Estimatorul de precizie Viteza critica, v,
seminte de masa a din buncar, m/s m/s

semintelor, kg/m®

Wheat / Grau 1216 0.072 /0,072 0.162 /0,162 2.77312,773

Barley / Orz 1200 0.072/0,072 0.141/0,141 2.773/2,773

Oat / Ovéz 1200 0.054 /0,054 0.059 /0,059 2.058 /2,058

Alfalfa / Lucernd 1060 0.010/0,010 0.08/0,08 0.387/0,38
In Fig. 4 are given graphically cpmpared, the In fig. 4 se dau grafic, comparativ, valorile

experimental and theoretical values calculated using
formula (21) for the optimal values of the rate of descent
of the seed hopper (Table 2). According to the estimators
in Table 2, formula (21) is the best model for oatmeal
data, next for alfalfa, barley and the largest scattering is
noted for wheat seeds. The results show that the formula
(21) can be used to improving the work setting. Partially,
the differences between the theory and experiment is also
due to the random factors that were not taken into
account in the experiment or in theory: seed moisture,
friction between grains, etc.

experimentale si cele rezultate folosind formula teoretica
(21) pentru valorile optimale ale vitezei de coboréare a
semintelor din buncar (tabelul 2). Conform estimatorilor
din tabelul 2, formula (21) modeleaza cel mai bine datele
pentru ovaz, apoi pe cele pentru lucerna, cele pentru orz
si, cea mai mare Tmprastiere se remarca in cazul graului.
Rezultatele arata ca formula (21) poate fi folosita pentru
imbunatatirea reglajului in lucru. Partial, diferentele intre
teorie si experiment se datoreaza si unor factori aleatori
de care nu s-a tinut seama in experimentare sau teorie:
umiditatea semintelor, frecari intre seminte, etc.
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Fig. 4 - The distribution of theoretical and experimental data, using formula (16), and calculated by the method of least squares,
a- wheat, b- barley, c- oatmeal, d- alfalfa / Distributia datelor teoretice in raport cu cele experimentale, folosind formula (16) si w calculat
prin metoda celor mai mici patrate, a-grau, b-orz, c-ovéz, d-lucerna.

CONCLUSIONS
Qualitative considerations

The formula (21) show, for the seed rate on the unit area,
a structure which is describe by an nonelementary function in
report by the argument given by the working speed, v, in the
sense of the functions theory. More specifically, the function
speed rate ( manageable seed per unit area) is defined by
the working speed through two distinct expressions for critical
velocity on two intervals separate by the critical speed vgr.
Function is still continuous with respect to the working speed
of the separation point intervals. On the range of the working
speed less than the critical speed the speed rate has the
following outstanding properties:

-does not depend on speed, v,

-depends linearly on the length of the groove inlet, L,
-depends inversely on the ratio of transmission, i,

-not depend on the speed of fall of the seed hopper, w,

- does not depend on the characteristics of the distribution
chamber, i.e. the function y(«, ).

On the range of the working speed great than critical
speed, Ve, the structure of seed rate shows major changes:
-depends inversely on the working speed (by this
dependence the seed rate is influenced by any process of
change of velocity);

-appear the dependence of the ate of fall of seeds in the
groove by the bunker;
-is show the dependence by the function y(a,y).

The critical speed, v¢, which makes the separation
of the intervals in which dependent by the next
parameters:

-drive wheel radius, R,

-grooved cylinder radius, r,

-gear ratio, i,

-geometry of loading sector, by the groove cross-sectional
area, A and function y(«,y).

Generally, the drill is used to working speed less than
the critical speed. To achieve a larger work capacity, is
indicated the increased of the critical speed, v¢. According
to its structure, given by (12), increase of the critical
speed value can be made by:

- grooved cylinder radii increase and / or wheel drive;
- transmission ratio increased;

10

CONCLUZII
Aprecieri calitative

Formula (21) aratd pentru norma de seminte
administrabild pe unitatea de suprafatd, o structura care
este descrisa de o functie neelementara in sensul teoriei
functiilor in raport cu argumentul viteza de lucru, v. Mai
precis, functia norma de seminfe administrabild pe
unitatea de suprafatd, este definita functie de viteza de
lucru prin expresii distincte pe doua intervale separate de
viteza critica v¢r. Functia este totusi continua Tn raport cu
viteza de lucru Tn punctul de separare al intervalelor. Pe
intervalul vitezelor de lucru inferioare vitezei critice ,
norma are urmatoarele proprietati remarcabile:
-nu depinde de viteza de lucru, v,
-depinde liniar de lungimea de admisie a canelurii, L,
-depinde invers proportional de raportul de transmisie, i,
-nu depinde de viteza de cadere a semintelor din buncar,w,
-nu depinde de caracteristicile camerei de distributie, mai
precis de functia y(a,)).

Pe intervalul vitezelor de lucru superioare vitezei
critice, Ve, structura normei primeste schimbari majore:
-depinde invers proportional de viteza de lucru (prin
aceasta dependenta norma aplicata este influentatd de
orice proces de schimbare a vitezei);

-apare dependenta de viteza de cadere a semintelor din
buncar in canelura;
-se manifesta dependenta de functia y(a,)).

Viteza critica, vcr, care face separatia intervalelor pe
care expresia normei de seminte are expresii diferite, este
caracterizata de faptul ca depinde de:

-raza rotii de actionare, R,

-raza cilindrului canelat, r,

-raportul de transmitere, i,

-geometria sectorului de Tncarcare, prin aria sectiunii
transversale a canelurii, A si prin functia y(«,).

In general, semanatoarea se foloseste la viteza de lucru
mai mica decat viteza critica. In acest interval, variatiile de lucru
nu produc variatii ale normei de seminte aplicate. Pentru a atinge o
capacitate de lucru cat mai mare, este indicata cresterea
vitezei critice, vir. Conform structurii acesteia, data de formula
(12), cresterea valorii acestei viteze se poate face prin:

- cresterea razelor cilindrului canelat si/sau a rotii de actionare;
- cresterea raportului de transmisie;
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maximizing function y(a,y);

decreasing of the cross-sectional area of groove.
Another parameter which the seed rate taken per unit
area depends is the only feature that clearly defines the
type of seeds, specific mass, ys.

The only parameter left to be discussed in somewhat

uncertain phrase structure seeds rate per unit area, is the
speed of fall of seeds from hopper into the groove, w.
This parameter is difficult to estimate, it may depend on
many factors including: seed aerodynamics, the influence
that comes by the contact with the other seeds, the
random movements of the hopper mixture is subjected to
intense friction with the walls, for example. For these
reasons, a global value, the average speeds is difficult to
estimate. It is however profitable to use this parameter, w,
for the calibration formula to some experimental data. In
this view, drawn once calibrated can be used to draw
diagrams of the system control work or improvement of
the working machine.

Applications
The main applications of the results of the calculation,

corrected by experimental data, consisting:

development of useful charts precise operation of
these drills,

improvement of the work by placing the working
capacity and specific consumption.
A diagram useful in regulating the working parameters
of the seeder is shown in Fig. 5. This chart allows
determining the length of the groove according to the
standard intake of agronomic optimum working speed and
set. The working speed can be set so high to be made as
large a work capacity.

za, mis

speed /vite
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maximizarea functiei y(«,);

micsorarea ariei sectiunii transversale a canelurii.

Un alt parametru de care norma de seminfe administrata pe
unitatea de suprafatd depinde, este singura caracteristica ce
defineste clar tipul semintelor, masa specifica, ys.

Singurul parametru oarecum incert ramas de discutat in
structura expresiei normei de seminte administrate pe unitatea de
suprafatd, este viteza de cadere a seminfelor din buncar in
canelura, w. Acest parametru este dificil de estimat, el poate
depinde de multi factori printre care: aerodinamica semintei,
influenta semintelor cu care vine in contact, migcarile aleatoare
la care amestecul din buncar este supus, cu frecari intense cu
peretii acestuia, de exemplu. Pentru aceste motive, o valoare
globala, medie a acestei viteze este greu de estimat. Este, in
schimb profitabila utilizarea acestui parametru, w, pentru
calibrarea formulei la anumite date experimentale. n aceasts
viziune, formula odata calibrata poate fi folosita la trasarea de
diagrame de reglaj a regimului de lucru sau la imbunatatirea
regimului de lucru al masginii.

Aplicatii
Principalele aplicatii ale rezultatelor calculului, corectate
prin intermediul datelor experimentale, constau n:
elaborarea unor diagrame utile Tn exploatarea precisa
a acestor semanatori,
imbunatatirea regimului de lucru prin introducerea
capacitétii de lucru si a consumurilor specifice.
O diagrama utila in reglarea parametrilor de lucru ai
semanatoarei apare in fig. 5. Aceasta diagrama permite
stabilirea lungimii de admisie a canelurilor functie de norma
optima din punct de vedere agronomic si de viteza de lucru
stabilita. Viteza de lucru se poate stabili cat mai mare astfel
incat sa fie realizata o cat mai mare capacitate de lucru.

Ll o™ L)
agroove active length / lungimea activa a caneluni. m

Fig. 5 - Chart to determine the length of the inlet groove depending of the optimal seed rate and to the choosen working speed (right)
and the seed rate surface, given by the formula (21) / Diagrama pentru stabilirea lungimii de admisie a canelurii functie de norma optiméa
necesara si de viteza de lucru stabilitd (dreapta) si suprafata normelor data de formula (21)

Limits on equipment operation

To obtain a more efficient operation of equipment, both
components: distribution and working capacity, will take
into account the type of seed that is working and will
choose the tables on the type of Table 2, the value of
working speed with value approximately p % on the
corresponding critical value. With this speed value and
knowing the machine working width is then calculated
working capacity, for example, by [11]. The percentage is
chosen with regard to possible variations in the work
speed. The critical value of the speed will be decrease
with a half of the amplitude of possible variation. To start
is can take the value p= 90 %.

11

Limite in functionarea utilajului

Pentru a obtine o functionare cat mai performanta a
utilajului, pe ambele componente: distributia  si
capacitatea de lucru, se va tine seama de tipul de
samanta cu care se lucreaza si se va alege din tabele de
tipul tabelului 2 o viteza de lucru cu valoarea de
aproximativ p % din valoarea critica corespunzatoare. Cu
aceasta vitezd de lucru si cunoscand latimea de lucru a
masinii se calculeaza apoi capacitatea de lucru, de
exemplu dupa [11]. Procentul p se va alege avand in
vedere variatiile posibile ale vitezei de lucru. Din valoarea
critica se va scadea semiamplitudinea oscilatiei vitezei de
lucru. Pentru start se poate lua valoarea p= 90 %.



Vol. 34, No.2 /2011

REFERENCES

[1]. Bobancu V., Mihaileanu N., Gheorghita S., Brezuleanu A.,
Stefanescu A., Balanescu T. (1974) - General Mathematics
dictionary, Romanian Encyclopedic Publishing, Bucharest;
[2]. losifescu M., Moineagu C., Trebici V., Ursianu E.,
(1985) - Minor Statistical Encyclopedia, Scientific and
Encyclopedic Publishing, Bucharest.

[3]. Krasnicenko A., V., (1964) - Handbook of agricultural
machinery manufacturer, Technical Publishing, Bucharest;
[4]. Letosnev M., N., (1959) - Agricultural Machinery, State
Agro-Forestry Publishing House;

[5]. Loudon J., C., (1835) - An encyclopedia of gardening:
comprising the theory and practice, vol. 1, Longman,
Rees, Orme, Brown, Green, and Longman, Paternoster-
row, London, p. 608;

[6]. Manea, D., (2006) - Experimental research on
optimizing the seeding of cereal dispensers, Unit 3,
Transilvania University Brasov;

[7]. Manea, D., Gangu, V., Cojocaru, l., Marin, E., (2006)
Theoretical and experimental research on the apparatus
of distribution of cereal grain seeding central dosing,
INMATEH — I, p. 33-42, INMA Bucharest;

[8]. Manea, D, Cojocaru, |., Marin, E. (2008) - Determination
in laboratory conditions of the qualitative working index for
the mechanical and pneumatic technical equipment for
sowing straw cereal, INMATEH — I, p. 3239, INMA
Bucharest;

[9]. Marin E., Mateescu M., Vladut V. (2002) - Achieving a
mathematical model and algorithm testing procedure for
determining the quality indicators of precision sowers
(SPA 4/6), ANALS of the Faculty of Engineering
Hunedoara, Tome I, Fascicule 3, P.U. of Timisoara, pag.
191+200, ISSN 1584-2665, Publishing House MIRTON,
Timisoara - Romania;

[10]. Scripnic, V., Babiciu, P., (1979) - Agricultural
machines, Ceres Printing House, Bucharest.

[11]. Sandru A., Popescu S., Cristea I., Neculdiasa V.,
(1983) - Operation of farm machinery, Didactic and
Pedagogic Publishing House, Bucharest.

12

INMATEH - icultural

BIBLIOGRAFIE

[1]. Bobancu V., Mihaileanu N., Gheorghita $., Brezuleanu A.,
Stefanescu A., Balanescu T. (1974) - Dictionar de matematici
generale, Editura Enciclopedica Roména, Bucuresti;

[2]. losifescu M., Moineagu C., Trebici V., Ursianu E.,
(1985) - Mica enciclopedie de statistica, Editura Stiintifica
si Enciclopedica, Bucuresti;

[3]. Krasnicenko A., V., (1964) - Manualul constructorului
de masini agricole, Editura Tehnica, Bucuresti;

[4]. Letosnev M., N., (1959) - Masini Agricole, Editura
Agro-Silvica de Stat;

[5]- Loudon J., C., (1835) - An encyclopedia of gardening:
comprising the theory and practice, vol. 1, Longman,
Rees, Orme, Brown, Green, and Longman, Paternoster-
row, London, p. 608;

[6]. Manea, D., (2006) - Cercetari experimentale cu privire la
optimizarea distribuitoarelor pentru semandtorile de cereale,
Referat 3, Universitatea Transilvania din Bragov;

[7]. Manea, D., Gangu, V., Cojocaru, ., Marin, E., (2006) -
Cercetari teoretice si experimentale privind aparatele de
distributie ale seménatorilor de cereale pdioase cu dozare
centralizatd, INMATEH — I, pag. 33-42, INMA Bucuresti

[8]. Manea, D, Cojocaru, I., Marin, E., (2008) - Determinarea
in condii de laborator a indicilor calitativi de lucru ai
echipamentului tehnic mecano — pneumatic pentru seménat
cereale péaioase, INMATEH Ill, pag. 32+39, INMA
Bucuresti;

[9]. Marin E., Mateescu M., Vladut V. (2002) - Realizarea
unui model matematic si algoritmul procedurii de incercari
pentru determinarea indicilor calitativi ai seméanéatorilor de
precizie (SPA 4/6), ANALELE Facultati de Inginerie
Hunedoara, Tomul Il, Fascicula 3, U.P. Timisoara, pag.
1914200, ISSN 1584-2665, Editura MIRTON, Timisoara -
Romania;

[10]. Scripnic, V., Babiciu, P., (1979) - Magini agricole,
Editura Ceres, Bucuresti.

[11]. Sandru A., Popescu S., Cristea I., Neculaiasa V.,
(1983) - Exploatarea utilajelor agricole, Editura Didactica
si Pedagogica, Bucuresti.



Vol. 34, No.2 /2011

INMATEH - icultural

OPTIMIZATION OF THE DISTRIBUTION PROCESS OF STRAW CEREAL SOWING MACHINES
WITH CENTRALIZED MEASURING

/

OPTIMIZAREA PROCESULUI DE DISTRIBUTIE AL SEMANA TORILOR DE CEREALE
PAIOASE CU DOZARE CENTRALIZATA

Ph.D. Eng. Manea D., Mat. Cardei P.
- INMA Bucuresti -

Abstract: In this paper, the optimization of the sowing
machine straw cereal distribution with centralized dosing
consists in finding an optimum combination between the
main control parameters of the distribution device,
respectively between seed flow ratio of the dosing device
and the machine working speed, to achieve the seeds
rates required by the agro-technique for each type of crop.
Based on information provided by the literature was
developed a mathematical model that describes the
sowing rate variation depending on the working speed of
the seeding machine and the active length of the groove
dosing device, the model being validated following the
experimental data. An algorithm has been established for
choosing the optimal combination between the main
setting parameters of the distribution device, with
examples for wheat seeds.

Keywords: optimization, sowing rate, the distribution
device

INTRODUCTION

The seeds dosing and distributing process, has a
decisive influence on the main quality indices of the
sowing machine: flow rate uniformity, respectively of
sowing norm, distribution uniformity on the \working
row. Therefore, the improvement of sowing machines
on rows has been focused primarily on improving
distribution devices, which are the main working bodies
of the sowing machines and how their operating
manner depends on the sowing quality. The use of
mechanical-pneumatic distribution devices leads to the
machine reduced weight in favor of hopper seed higher
capacity and the productivity of the sowing aggregate

(1], [2], [3], [5], [6].

MATERIAL AND METHOD

The distributing device of centralized dosing and
pneumatic distribution sowing machines (fig. 1) consists of
a centrifugal fan, a cylinder of dosing device cylinder type
with grooves mounted in a metal box attached to the
bottom of seed hopper, a vertical pipe for pneumatic
transport and a distribution head.

.
.
.
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-
-
-
-
-
-
-
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Rezumat: /n cadrul acestei lucréri, optimizarea procesului
de distributie al seméanatorilor de cereale péioase cu dozare
centralizatd a constat in gédsirea unei combinatii optime
intre principalii parametrii de reglaj ai aparatului de distributie,
respectiv intre raportul dintre debitul de seminte al aparatului
de dozare si viteza de deplasare in lucru a maginii, pentru
realizarea normelor de insdméntare cerute de agrotehnica
pentru fiecare tip de culturd in parte. Pomnind de la informatiile
furnizate de literatura de specialitate, a fost elaborat un
model matematic care descrie variatia normei de insdmantare
in functie de viteza de lucru a masinii de semanat si de
lungimea activd a canelurii aparatului de dozare, model
care a fost validat cu ajutorul datelor experimentale. S-a
stabilit un algoritm de calcul pentru alegerea combinatiei
optime dintre principalii parametrii de reglaj ai aparatului
de distributie, cu exemplificare pentru sdménta de gréu.

Cuvinte cheie: optimizare, norma de insdméantare, aparat
de distributie

INTRODUCERE

Procesul de dozare si distributie a semintelor, are o influenta
decisiva asupra principalilor indici calitativi ai masinii de semanat:
uniformitatea  debitului, respectiv. norma de insamantare,
uniformitatea de distributie pe latimea de lucru, uniformitatea
de distributie pe rand. Datorita acestui fapt, perfectionarea
masginilor de semanat in randuri s-a axat in principal pe
perfectionarea aparatelor de distributie, care reprezinta
organele de lucru principale ale unei semanatori si de
modul cum acestea lucreaza depinde calitatea semanatului.
Utilizarea aparatelor de distributie mecano — pneumatice
conduce la reducerea greutatii masinii in favoarea cresterii
capacitati  buncarului de seminte si a productivitati
agregatului de semanat [1], [2], [3], [9], [6]-

MATERIAL S| METODA

Aparatul de distributie al semanatorilor cu dozare centralizata
si distributie pneumatica (fig. 1) se compune dintr-un
ventilator centrifugal, un aparat de dozare de tip cilindru
cu caneluri montat Intr-o caseta metalica atasata la partea
inferioara a buncarului de seminte, o conducta verticala
pentru transportul pneumatic si un cap de distributie.

ig. 1-The componénts of the device with centralized dosing and pneumatic distribution /

Elementele componente ale aparatului cu dozare centralizata si distributie pneumatica:
a—fan/ ventilatorul; b — dosing device / aparatul de dozare; ¢ — vertical pipe and distribution head / conducta verticala si capul de distributie
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Optimization of the cereals seed distribution with
centralized dosing [4] consists to find an optimum
combination between the main control parameters of the
distribution device, respectively between seed flow ratio of
the dosing device and the airflow generated by fan and
the working speed of the machine, to achieve the required
agro-technique sowing rules for each type of crop.
Because in practice, the air flow speed generated by the
fan and thus air flow, during the work process, does not
vary, being maintained at a constant value to ensure
optimal transport of seed, theoretical investigations were
carried out taking into account this hypothesis. Thus, the
control parameter of the dosing device remains the flow of
seeds, given by the active length of grooves, combined
with the speed work that leads to obtain optimum sowing
rules.

MATHEMATICAL MODELLING OF “SEEDING RATE”
FUNCTION AND CHOOSING THE BEST VARIANT

The seeds volume discharged by the dosing device, to
a rotation of the grooved cylinder is determined by [3]
relation:

V, =165-A-L,-z-y [m’rot],

Where : A is is the cross-sectional area of the groove in
m? ; Lc - active length of the groove, in m; z — grooves
number; - seed filling groove coefficient (¢ = 0,93+0,98
for small seeds, @ = 0,60+0,85 for medium seeds and y =
0,45-0,80 for big seeds).

The seed flow rate of the dosing device with grooved
cylinder necessary for a sowing norm N is given by [4]
relation:

Q. =V,n,7, = 7Dn, Bm% [kg/min],

Where: nq is the dosing device speed; y — seeds specific
mass; D - the wheel drive diameter, in m; n, — the wheel
drive speed, in rot/min; By - machine working width, in m;
N — seeding rate, in kg/ha;

From (2) relation results the seeding rate expression,
as:

7-D-B,-
where i; is the ratio between drive wheel and dosing
device.

It is introduced in (3) relation the (1) expression of the
volume of seeds distributed to a rotation of the grooved
cylinder and the seeding norm functionN(Lc,v) is defined, as:

N(LY) 7B, -D-i

The (4) equation shows that if the parameters A, z, ys,
Bm, D si i; are constant, then the norm N does not depend
on working speed. From experimental research conducted by
authors, was found that for the increase of the working speed
for a constant flow of seeds, the norm value applied decreases,
which the theory does not show. However, experimental
data show that the increase of the seeding norm with the
groove active length has a slightly non-linear aspect.

Given these observations, we appealed for modeling,
to the approximation rational function, with the general
form:

4
_Va 7107 egrhay,

1,65-A-z7-7,
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Optimizarea procesului de distributie al semanatorilor
de cereale paioase cu dozare centralizata [4] consta in gasirea
unei combinatii optime intre principalii parametrii de reglaj
ai aparatului de distributie, respectiv intre raportul dintre
debitul de seminte al aparatului de dozare si debitul de aer
generat de ventilator si viteza de deplasare in lucru a maginii,
pentru realizarea normelor de insdmantare cerute de agrotehnica
pentru fiecare tip de cultura in parte. Deoarece in practica,
viteza curentului de aer generat de ventilator si implicit debitul
de aer, in timpul procesului de lucru, nu variaza, find mentinuta
la o valoare constanta care sa asigure un transport optim
al semintelor, cercetarile teoretice s-au efectuat luand in
considerare aceasta ipoteza. Astfel, parametrul de reglaj
al aparatului de dozare rdméane debitul de seminte, dat de
lungimea activa a canelurilor, care combinat cu viteza de
lucru conduce la obtinerea unor norme de insémantare optime.

MODELAREA MATEMATICA A FUNCTIEI “NORMA DE
INSAMANTARE” $1 ALEGEREA VARIANTEI OPTIME
Volumul de seminte evacuat de aparatul de dozare,
la o rotatie a cilindrului canelat se determina dupa [3] cu
relatia:
1)
unde: A este aria sectiunii transversale a unei caneluri,
n mz; Lc — lungimea activa a canelurilor, in m; z — numarul
de caneluri; @ — coeficientul de umplere cu seminte a
canelurilor (w = 0,93+0,98 pentru seminte mici, ¢ = 0,60+0,85
pentru seminte mijlocii si = 0,45+0,80 pentru seminte mari).
Debitul de seminte al aparatului de dozare cu cilindru
canelat necesar pentru o norma de insaméantare N este
dat dupa [4] de relatia:

2

in care: ng este turatia aparatului de dozare; % — masa
specifica a semintelor; D - diametrul rotii de actionare, in
m; n, — turatia rotii de actionare, in rot/min; Bn, — latimea de
lucru a maginii, in m; N - norma de insdmantare, n kg/ha;

Din relatia (2) rezulta expresia normei de insamantare,
ca fiind:

_ ®3)
I[

in care i este raportul de transmitere dintre roata de
actionare gi aparatul de dozare.

Se introduce in relatia (3) expresia (1) a volumului de
seminte distribuit la o rotatie a cilindrului canelat si se
defineste functia norma de insamantare N(Lc,v), sub forma:

-w-L, -10°
(kg/ha] 4)

Din relatia (4) ar rezulta ca daca parametrii A, z, ys, Bm,
D si it sunt constanti, atunci norma N nu depinde de viteza
de lucru. Din cercetarile experimentale efectuate de
autori, s-a constatat ca la cresterea vitezei de lucru,
pentru un debit de seminte constant, valoarea normei
aplicate scade, ceea ce teoria nu arata. Totodata, datele
experimentale arata ca cresterea normei de insamantare
cu lungimea activa a canelurii, are o alura usor neliniara.

Avand in vedere aceste observatii, am apelat pentru
modelare, la functii de aproximare rationale, avand forma
generala:

n m o
N(Lev)=) D ajjle'v?

i=0 j=—k

For mathematical modeling of the function (4) were
chosen two versions of rational functions (N1 and N2) and

14

®)
Pentru modelarea matematica a functiei (4) s-au ales
doua variante de functii rationale (N1 si N2) si in urma
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after comparing their approximation degree , was chosen
the option that best approximates the theoretical data.
Based on the constructive solutions analysis for
dosing device with grooved cylinder, was chosen a
theoretical range variation of the active groove length
between 0.01+0.1 m, and under the agro-technical
requirements which a cereals sowing machine should
meet, was chosen a theoretical variation range of the
work speed between 1.38+2.77 m/s (5+10 km/h).
Variant |. Rational approximation function is:

Ny (Lg,v)=2ag-

After calculating the a; coefficients the function (6) becomes:

INMATEH - icultural

compararii gradelor lor de aproximare, s-a ales varianta
care aproximeaza cel mai bine datele teoretice.

Pe baza analizei solutiilor constructive pentru aparatul
de dozare cu cilindru canelat, s-a ales un interval de
variatie teoretica a lungimii active a canelurii cuprins intre
0,01+0,1 m, iar in baza cerintelor agrotehnice pe care
trebuie sa le indeplineasca o masina de semanat cereale
paioase, s-a ales un interval de variatie teoretica a vitezelor
de lucru cuprins intre 1,38+2,77 m/s (5+10 km/h).
Varianta I. Functia de aproximare rational& este de forma:

2
L (Lc) ©®)
Vv Vv

Dupa calculul coeficientilor a; functia (6) devine:

2
Ni(Lg,v) =1,266-10° %—1,149.105 (l;cj -

whose approximation degree is G =7,744-10°

In figure 2 is given the comparative graphic
representation between the theoretical norm values and
the ones obtained by b applying the rational
approximation function (9) theoretical values for L and v.

al carui grad de aproximare este G, = 7,744.10°.

In figura 2 este datd reprezentarea grafica
comparativa intre valorile normelor teoretice si cele
obtinute prin aplicarea functiei de aproximare rationale (9)
valorilor teoretice pentru L si v.

é00

My
0O o 40
M X = S 2
KX in]
200 E
o0 n i
1] 1 2 3 3 4 T 2
[0 O theoretical data/ date tecretice o approximation of the theoretica|

data/ aproximarea datelor teoretice

Fig. 2 - Comparative graphic representation between norm theoretical values and the ones obtained with rational approximation function
Ni(Le, v) / Reprezentarea grafica comparativa intre valorile normelor teoretice si cele obtinute cu ajutorul functiei de aproximare
rationale Ny(Lc, V)

Variant Il. Rational approximation function is :

Varianta Il. Functia de aproximare rationala este de forma:

v

2
NZ(LC,v):aO-LC+a1-\1/+a2-L§+a3-vlz+a4'I:/°+a5(|'“j - (8)

Atter calculating the a;; coefficients the function (8) becomes:

Dupa calculul coeficientilor a; functia (8) devine:

2
N, (L,,Vv) =3,358-10° - L, 85,568 - —1,891.10° L2+0, 69. % +8704-10%- e _7,662.10° [ = | (9
v V2 v v

whose approximation degree is G, = 930,003

Figure 3 shows the comparative graphic representation
between the theoretical norm values and the ones
obtained by applying the rational approximation function
(11) theoretical values for Lc and v.

al carui grad de aproximare este G, =930, 003.

Tn figura 3 este dati reprezentarea graficd comparativa
intre valorile normelor teoretice si cele obtinute prin
aplicarea functiei de aproximare rationala (11) valorilor
teoretice pentru L. Si v.

400
i
300 % "
o ®
oo
T 200
KK
100
H i ]
0
0 1 2 3 B & 7 g

O [ theoretical datz/ date teoretice

approximation of the theoretical
W data/ aproximarea datelor tecretice

Fig. 3 - Comparative graphical representation between theoretical norm values and the ones obtained with the rational
approximation function Nao(Lc, V) / Reprezentarea graficd comparativa intre valorile normelor teoretice si cele obtinute cu
gjutorul functiei de aproximare rationale Nx(Lc, v)



Vol. 34, No.2 /2011 INMATEH - icultuzal

Comparing the results for the approximation degree, Comparand rezultatele obtinute pentru gradul de
shows that G2 <G1, namely, the value of the function aproximare, se constatd ca G, < G;, adica valoarea
approximation degree Na(Lc, V) is less than the gradului de aproximare a functiei N2(Lc, v) este mai mica
approximation degree of the function Ni(Lc, v). In addition, decat valoarea gradului de aproximare a functiei Ni(Lc, V).
analyzing the graphs in figures 2 and 3, there is a better Tn plus, analizand graficele din figurile 2 si 3, se observa
approximation of the theoretical data by the function aproximarea mai buna a datelor teoretice de catre functia
NZ(Lc, V) NZ(LCA, V)

In conclusion, for the mathematical modeling of the In concluzie, pentru modelarea matematica a normei
theoretical seeding norm depending on the active length de insdmantare teoretice in functie de lungimea activa a
of groove and the work speed, it is appropriate to use the canelurilor si de viteza de lucru, este indicat sa se
rational approximation function Nz(Lc, v), whose 3D utilizeze functia de aproximare rationald Nz(Lc, v), a carui
variation diagram is shown in figure 4. diagrama 3D de variatie este prezentata in figura 4.

Waork speed/ Viters de lucrs

B

* > 1 "
Groowe active lerght/ ngiesea activa 2 cane bl
= D

Fig. 4 - Variation diagram of the rational approkimation function Na(Lc, v) / Diagrama de variatie a functiei de aproximare rationald Nx(Lc, Vv):
a - surface generated for Na(Lc, V) / suprafata generata pentru N»(L, v); b — projection of Nx(L., v)surface in plan, viewing constant norm
curves / proiectia suprafetei Nx(Lc, v) Tn plan, cu vizualizarea curbelor de normé constanta

MATHEMATICAL MODEL VALIDATION OF THE VALIDAREA MODELULUI MATEMATIC AL NORMEI DE

SEEDING NORM BASED ON EXPERIMENTAL DATA INSAMANTARE CU AJUTORUL DATELOR EXPERIMENTALE
In order to validate the mathematical model of the In vederea validarii modelului matematic al normei de
seeding norm, rational approximation function chosen in fnsamantare, functia de aproximare rationald aleasa in

the previous paragraph, still noted by Nf(Lc,v), as best to paragraful anterior, notata in continuare cu Nf(Lc,V), ca
approximate the theoretical data, was applied to fiind cea mai potrivita pentru aproximarea datelor teoretice, a
experimental data obtained for the sowing norm [1,2], for fost aplicata datelor experimentale obtinute pentru norma

each seed individually. de insamantare [4], pentru fiecare tip de samanta in parte.
For the wheat seed, the function describing the norm Pentru sdménta de grdu, functia care descrie
dependence on the groove’s active length and the work dependenta normei de lungimea activda a canelurilor si
speed is: viteza de lucru este:
1 1 L L\’
Nf (L,v) =1,011-10* - L, ~289,992. -5, 695-10° - L2 +390,921- — —5,417-10° oL 397.10° (vj (10)
%
In figure 5 are graphically represented the n figura 5 sunt reprezentate grafic valorile normelor

experimental norms values for the wheat seed and the experimentale pentru saméanta de grau si valorile
norm values obtained applying the (10) function’s normelor obtinute prin aplicarea functiei (10) valorilor
experimental values for L. and v. There is a good experimentale pentru L: si v. Se observa o buna
approximation of experimental data by function (10). aproximare a datelor experimentale de catre functia (10).

Wheat/Grau
600

M, 400 &

=0

~ 0O
5
[

I
i
i

Sowing norm/Norma de insamantare [kg/ha]
A
>

0 [ B
i 1 2 3 4 5 a 7 B
O experimental data/ date iXX approximation of the experimantal data/
experimentale aproximarea datelor experimentale

Fig. 5 - Comparative graphical representation between experimental norm values and the ones obtained with the approximation
function, for wheat seed / Reprezentarea grafica comparativa intre valorile normelor experimentale si cele obtinute cu ajutorul functiei
de aproximare, pentru sdméanta de grau
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3D diagram of sowing norm variation modeled using
function (10), is shown in figure 6, and the normal
variation for each setting parameter is shown in figures 7
and 8.

INMATEH - icultural

Diagrama 3D de variatie a normei de insdmantare
modelata cu ajutorul functiei (10), este prezentata in
figura 6, iar variatia normei in functie de fiecare parametru
de reglaj este prezentata in figurile 7 si 8.

Work speed/Vitezs de Aucru [mis)

(1]

o
CLo0we achive lemghblLungimed activd & cantiuti [m]
b

004 o

Fig. 6 - Norm variation diagram, for wheat seed / Diagrama de variatie a normei, pentru sé&ménta de grau:
a — surface generated for Nf(Lc,v) / suprafata generata pentru Nf(L.,v); b — norm control curves depending on the groove active length
and the working speed / curbele de reglaj ale normei in functie de lungimea activa a canelurilor si viteza de lucru
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Fig. 7 - Norm variation diagram depending on the working speed /
Variatia normei de insdmantare in functie de viteza de lucru
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Fig. 8 - Sowing norm variation depending on the groove active lenght /
Variatia normei de insdmantare in functie de lungimea activa a canelurilor

Analyzing the graphs in figures 7 and 8 can be
observed that the sowing norm decreases with the
increasing of the working speed, to the same amount of
seed flow given by the active length of grooves and
increases with the seed flow increase for a constant
working speed, which confirms the initial hypothesis.

For alfalfa sowing, the function describing the length
dependence of active groove shape and speed is:
1

Nf (Lg,V) = —150.336- L, +3,264-107° o~

1,768-10%- 12 +0,052-

Analizand graficele din figurile 7 si 8 se observa ca
norma de insaméantare scade cu cresterea vitezei de
lucru, la aceiagi valoare a debitului de saméanta dat de
lungimea activa a canelurilor si creste cu cresterea
debitului de saméanta pentru o viteza de lucru constanta,
fapt care confirma ipoteza initiala.

Pentru sédménta de lucema, functia care descrie dependenta
normei de lungimea activa a canelurilor si viteza de lucru este:
1
—+

2
2,034-10% = _3,044.10" (i] (11)
\Y \' \Y
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Figure 9 are plotted the experimental values for
sowing alfalfa norms and values obtained by applying the
rules of function (11) experimental values for Lc and V.
There is a good approximation of experimental data by
function (11).

Alfalfa /Lucerna

INMATEH - icultural

In figura 9 sunt reprezentate grafic valorile normelor
experimentale pentru saméanta de lucerna si valorile
normelor obtinute prin aplicarea functiei (11) valorilor
experimentale pentru L. si v. Se observa o buna
aproximare a datelor experimentale de catre functia (11).

il

20

SOWINE N0 / N0Tma

de insamantare

10
i e ]

1} 1 2 3

OO experimental data /
date experimentale

4 3 ] 7 3

1
2 approximation of experimental data/
aproximarea datelor experimentale

Fig. 9 - Graphical representation of experimental procedures and comparative values obtained with the approximation function for
alfalfa sowing / Reprezentarea graficd comparativé intre valorile normelor experimentale si cele obtinute cu ajutorul functiei de
aproximare, pentru sdméanta de lucerna

3D diagram of variation of sowing norm modeled using
function (11) is shown in figure 10 and the normal
variation for each parameter setting is shown in figures 11
and 12.
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Weorkeg rpeed (=

de bars

Diagrama 3D de variatie a normei de insaméntare
modelata cu ajutorul functiei (11), este prezentatd in
figura 10, iar variatia normei in functie de fiecare
parametru de reglaj este prezentata in figurile 11 si 12.

L eewr.

Acwne g of roeve [m)
*ctvs 3 cahes fm)]
Fig. 10 - Diagram of variation of the norm for sowing alfalfa / Diagrama de variatie a normei, pentru sémanta de lucerna:
a — surface generated for Nf(Lc,v) / suprafata generatéa pentru Nf(Lc,v); b — adjustment of the standard curves according to the grooves
active length and working speed / curbele de reglaj ale normei in functie de lungimea activa a canelurilor si viteza de lucru
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Fig. 11 - Seed normal variation depending on the speed of work /
Variatia normei de insdmantare in functie de viteza de lucru
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Fig. 12 - Seed normal variation depending on the active length of groove /
Variatia normei de insdmantare in functie de lungimea activa a canelurilor
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After analyzing the graph in Figure 11, we have found
up that at minimum and average values of the active
length of the groove the sowing norm decreases with
increasing working rate, it has a slight speeding up of
work for the maximum length of active groove, then
returns to the downward trend.

To verify the theoretical hypothesis according to which
the seeding rate decreases with increasing time of sowing
speed and to validate the mathematical model were
studied in comparison standard charts of variation of norm
with speed work, based on experimental data and graphs
of variation of norm with working speed obtained y
applying theoretical mathematical model of experimental
data.

Norm variation in comparison with the working speed, based
on experimental data / Variatia normei fata de viteza de lucru
pe baza datelor experimentale
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Observations which can be drawn from the comparative
study are:

- the seeding norm tends to decrease with increasing
speed; at a constant seed flow rate is observed in
83.33% out of the results obtained both experimentally
and by mathematical modeling;

- if the remaining 16.67% includes the maximum flow
alfalfa seed when sowing norm has a tendency to
increase with increasing working speed.

In conclusion, the initial hypothesis is verified and the
theoretical mathematical model of sowing norm is
validated, experimental data confirming its usefulness and
correctness.

PRACTICAL APPLICATIONS OF THE MATHEMATICAL MODEL

In the previous paragraph were drawn diagrams 3D of
sowing norm variation depending on the length of the
active groove and working speed using the approximation
functions derived from mathematical modeling applied to
experimental data. Y the projection of surfaces generated
in plan, we have obtained curves of constant time, with
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Tn urma analizei graficului din figura 11, se observa ca
la valori ale lungimii active a canelurilor minime si medii,
norma de insamantare scade cu cresterea vitezei de
lucru, are o usoara tendintd de crestere cu cresterea
vitezei de lucru pentru valoarea maxima a lungimii active
a canelurilor, revenind apoi la tendinta descrescatoare.

Pentru a verifica ipoteza teoretica conform careia
norma de insdmantare scade cu cresterea vitezei de lucru
si pentru a valida modelul matematic, s-au studiat
comparativ graficele de variatie ale normei cu viteza de
lucru, obtinute din datele experimentale si graficele de
variatie ale normei cu viteza de lucru obtinute prin
aplicarea  modelului  matematic  teoretic  datelor
experimentale.

Norm variation in comparison with the working speed,
obtained by mathematical model / Variatia normei cu viteza
de lucru, obtinuta cu ajutorul modelului matematic
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Observatiile care se desprind in urma studiului comparativ
sunt urmatoarele:

- tendinta de scadere a normei de Tnsdméantare cu cresterea
vitezei de lucru, la debit de seminte constant, se
observa in 83,33 % dintre rezultatele obtinute atat pe
cale experimentala, cat si prin modelare matematica;

- restul de 16,67 % cuprinde cazul semintelor de lucerna
la debit maxim, cdnd norma de insdmantare prezinta o
tendinta de crestere cu cresterea vitezei de lucru.
in concluzie, ipoteza initiala este verificata, iar modelul

matematic teoretic al normei de insaméantare este validat,

datele experimentale confirmand utilitatea si justetea
acestuia.

APLICATII PRACTICE ALE MODELULUI MATEMATIC
In paragraful anterior s-au trasat diagramele 3D de
variatie a normei de insdmantare in functie de lungimea
activa a canelurii si de viteza de lucru, utilizand functiile
de aproximare obtinute din modelarea matematica
aplicate datelor experimentale. Prin proiectia suprafetelor
generate in plan, s-au obtinut curbele de norma
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the active length of the grooves on abscissa and on the
ordinate the working speed. These shown curves,
summarized in Fig. 13, provide a clear picture of the
chances of achieving the desired standards for each type
of culture by the combination of the two adjusting
parameters (Lc and V).

Wheat / Grau

T3¢ Deefd

Working speed[m/s] /
Viteza de lucru[m/s]

a0¢
Active length of groove[m] / Lunsimea activa a
canebars{pm]

081 (37 083 005 t.5€ aay
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constantd, avand pe abscisd lungimea activa a
canelurilor, iar pe ordonata viteza de lucru. Aceste curbe,
prezentate sintetizat in fig. 13, ofera o imagine clara
asupra posibilitatilor de obtinere a normelor dorite pentru
fiecare tip de cultura in parte, prin combinatia dintre cei
doi parametrii de reglaj (Lc si V).

Alfalfa / Lucerna

Working speed[m/s] / Viteza de lucru[m/s]

007

vee
Active length of groove [m] / Lungimez activa 2
canekurs [m]

Fig. 13 - Control curve of the sowing norm by the groove active length and working speed /
Curbele de reglaj a normei de insdmantare in functie de lungimea activa a canelurilor si viteza de lucru

Algorithm for choosing the optimum combination
(LCv V)

From figure 13 we see that a certain norm (prescribed
or indicated by agro-technique), hereinafter referred to as
the optimal time can be achieved for a variety of
combinations (Lc, v). Obtaining optimum combination (Lc,
v) for a prescribed time is achieved by the following
algorithm:

- ltis defined the functional Df (Lc, v) such as:

Df (Le.v) = | (NF (L. V)~ Nogy)?

where Nf (Lc, v) is the function of sowing norm obtained

on basis of the mathematical model, Nopt - the optimum

norm (prescribed);

- it is calculated the functional (12) for all possible
combinations between the values of groove active
length and working speed groove and the lowest
value is chosen;

- it is applied the "MinimizeDf (Lc, v)" MathCad
program to functional (12) for parameter values L.
and v corresponding to minimum value previously
determined; the "Minimize" returns as vector the final
values Lc and v for which the functional Df (Lc, v)
takes the lowest value.

Example of application of the algorithm for wheat
sowing

It is considered the optimum norm to be equal to the
arithmetic mean of minimum and maximum values
recommended by the literature. For wheat, the literature
recommends sowing norm between 190+300 kg / ha. So
the optimal rate is set to 245 kg / ha. The values chosen
in this example for the active length of groove and working
speed work are those for which experimental
measurements were made, but other value combinations
can be chosen.

The results of applying the calculation algorithm are
presented in table 1.

Algoritm de calcul pentru alegerea combinatiei optime
(LCVV)

Din figura 13 se observa ca o anumitd norma
(prescrisa sau indicatd de agrotehnica), denumita in
continuare norma optima, se poate obtine pentru o
multitudine de combinatii (Lc, v). Obtinerea combinatiei
optime (Lc, V) pentru o norma prescrisa se realizeaza
dupa urmatorul algoritm:

- se definegste functionala Df(Lc, v) de forma:
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(12)

in care Nf(Lc, v) reprezinta functia norma de insamantare

obtinutd pe baza modelului matematic, Nopt — norma

optima (prescrisa);

- se calculeaza valorile functionalei (12) pentru toate
combinatiile posibile Tntre valorile lungimii active a
canelurilor si vitezei de lucru si se alege valoarea cea
mai mica;

- se aplica functia “MinimizeDf(Lc, v)” a programului
MathCad functionalei (12) pentru valorile parametrilor
Lc si v corespunzatori valorii minime determinate
anterior; functia “Minimize” intoarce sub forma de
vector valorile finale L. si v pentru care functionala
Df(Lc, v) ia cea mai mica valoare.

Exemplu de aplicare a algoritmului pentru saméanta de
grau

Se considera norma optima ca fiind egala cu media
aritmetica a valorilor minima si maxima recomandate de
literatura de specialitate. Pentru grau, literatura de
specialitate recomanda o norma de insamantare cuprinsa
Tntre 190+-300 kg/ha. Deci norma optima are valoarea de
245 kg/ha. Valorile alese Tn acest exemplu pentru
lungimea activa a canelurilor si viteza de lucru sunt cele
pentru care s-au facut determinarile experimentale, dar
pot fi alese si alte combinatii de valori.

Rezultatele obtinute in urma aplicarii algoritmului de
calcul prezentat sunt date in tabelul 1.
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Table 1/ Tabelul 1

The choice of combination (Lc, v) for which Df is minimum /
Alegerea combinatiei (L., v) pentru care Df este minima

Active length of the groove Working speed / Optimum norm /
| Lungimea activa a Viteza de lucru Norma optima Df
canelurilor [m] [m/s] [kg/ha]

1.94/1,94 219.379 /219,379

0.01/0,01 2.36/2,36 222.691/ 222,691
2.77 12,77 221.033 /221,033
1.94/1,94 37.485 / 37,485

0.04/0,04 2.36/2,36 245 35.241/ 35,241
2.7712,77 41.403 / 41,403
1.94/1,94 168.159 / 168,159

0.08/0,08 2.36 /2,36 123.812 /123,812
2.77 12,77 105.94 /105,94

From Table 1 we see that the functional minimum

value Df corresponds for Lc = 0.04 and v = 2.36 m/s. It is
calculated Minimize(0.04, 2.36), which returns values: Lc
=0.047 m and v = 2.405 m/s.

D -
- 1
= 1
|

e | - -

5 "

a)

Din tabelul

1 se observa ca valoarea minima a

functionalei Df corespunde pentru L. = 0,04 m i v = 2,36
m/s. Se calculeaza Minimize(0.04, 2.36), care intoarce
valorile: Lc = 0,047 m si v = 2,405 m/s.

Wopt = UT ipha

" osr L)

Actres lengrk: of groovelm v}

b)

Lerganes acma s
ockes (]

Fig. 14 - Variation of the functional diagram Df(L., v) / Diagrama de variatie a functionalei Df(L., v):

a - surface generated for Df(Lc, v) / suprafata generaté pentru Df(L., v); b — surface projection of the plan outlining the curve that is the

normal value obtained from the combination of optimum parameters L. = 0.047 m si v = 2.405 m/s proiectia suprafetei in plan cu
evidentierea curbei pe care se afla valoarea normei optime obtinuta din combinatia parametrilor L. = 0.047 m si v = 2.405 m/s

CONCLUSIONS

The seeds dosing and distribution determine the
quality working indices of mechanical-pneumatic
equipment - and implicitly those of sowing machine,
therefore the calculation and sizing of these devices
are very important;

Since the experimental data performed show that
sowing norm decreases with increasing working
speed, at constant flow of sowing, starting from this
assumption have been defined two types of rational
approximation functions that have taken in
consideration for speed also negative exponents to
model the norm decrease with increasing speed;
Following the graphs comparing of the results
obtained for the two functions and their degrees of
approximation, the optimum mathematical modeling
variant of theoretical sowing norm has been chosen
depending on the active length of groove and working
speed;

Through mathematical modeling, it was verified the
assumption that the only parameter in the formula of
sowing norm, which can vary with the working speed
is the filling factor of the groove;

In order to optimize the distribution process of the
sowing machines of straw cereals with centralized
dosing based on the mathematical model and
experimental data, has developed an calculation
algorithm that allows quick and optimum combination
of control parameter values (groove active length and
working speed ) for applying the seed norm desired.
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CONCLuUzII

Procesul de dozare si distributie a semintelor
conditioneaza indicii calitativi de lucru ai aparatelor
mecano — pneumatice, si implicit pe cei ai masinii de
semanat, de aceea calculul si dimensionarea acestor
aparate este foarte importanta;

Deoarece datele experimentale efectuate in cadrul lucrarii
demonstreaza cad norma de Tnsdmantare scade cu
cresterea vitezei de lucru, la debit de seminte constant,
s-a pornit de la aceasta ipoteza si s-au definit doua
variante de functii de aproximare rationale in care s-
au luat pentru viteza si exponenti intregi negativi pentru
a modela descresterea normei cu cregterea vitezei;

In urma compararii grafice a rezultatelor obtinute
pentru cele doua functi si a gradelor lor de
aproximare, s-a ales varianta optima pentru
modelarea matematicd a normei de insamantare
teoretice in functie de lungimea activa a canelurilor si
de viteza de lucru;

Prin modelare matematica, s-a verificat ipoteza
conform careia sigurul parametru din formula normei
de insamantare, care poate sa varieze cu viteza de
lucru este coeficientul de umplere al canelurii;

In vederea optimizarii procesului de distributie al
semanatorilor de cereale paioase cu dozare centralizata,
pe baza modelului matematic si a datelor experimentale,
s-a elaborat un algoritm de calcul care permite obtinerea
rapida a combinatiei optime a valorilor parametrilor de
reglaj (lungimea activa a canelurilor si viteza de lucru)
pentru aplicarea unei norme de insamantare dorite.
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CALCULATION OF RAINFALL EROZION INTENSITY (RAINFALL EROSIVITY) IN
VALEA CALUGAREASCA WINE GROWING AREA
/
CALCULUL INTENSITATII EROZIVE A PLOII (l:jROZIVI'I'f\TII PLOII) IN ZONA VITICOLA
VALEA CALUGAREASCA
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Abstract: To estimate erosion in different geographical Rezumat: Pentru estimarea eroziunii in diferite zone geografice,
areas, different authors consider as very important, the diversi autori considerd ca fiind foarte important parametrul
parameter called rainfall erosivity. This parameter appears numit erozivitatea ploii. Acest parametru apare atat in modelul
both in Wischmeier’s mathematical model, and in the mathematic al lui Wischmeier, cét si in modele matematice
modern mathematical models of pluvial erosion, such as moderne ale eroziunii pluviale, cum este WEPP. Pentru
WEPP. To assess rainfall erosivity, one of the parameters evaluarea erozivitdtii ploii, unul dintre parametrii des
often used is the Fourier index or Fournier modified index. utilizati este indexul Fourier sau indexul Fournier modificat. Tn
In this paper were made estimates of erosion risk using aceasta lucrare s-au efectuat estimari ale riscului de eroziune
these parameters and were compared with the results folosind acesti parametri si s-au comparat rezultatele
obtained with the assessments of erosive intensity through obtinute cu evaludrile intensitatii erozionale prin intermediul
the USLE model. Also, in the paper appear proposals for modelului USLE. De asemenea, in articol apar propuneri de

new estimative parameters of pluvial erosion risk, which, noi parametri estimativi ai riscului de eroziune pluviala,
for the data from the reference zone falls between the care, pentru datele din zona de referintd se incadreaza intre
estimations given by the two variants of Fournier index. estimarile date de cele doué variante ale indexului Fournier.
Keywords: erosion, mathematical model, rainfall Cuvinte cheie: eroziune, model matematic, ploaie
INTRODUCTION INTRODUCERE

Estimating the risk of pluvial erosion is a wide field Estimarea riscului de eroziune pluviala este un domeniu

addressed in the actual literature [1], [2], [3], [4], [5], [6], larg abordat in literatura de specialitate actuala, [1], [2],
[8], [11], [12], [16]. One of the most common approaches [31, [4], [5], [6], [8], [11], [12], [16]. Una dintre abordarile
is the applied approach, that using classical forms and cele mai raspandite este cea aplicationista, care folosind

methods, gives original results for some geographical formularistica si metodele clasice, da rezultate originale
areas. pentru anumite zone geografice.
These results confirm or not the experimental data and Aceste rezultate confirma sau nu datele experimentale si

from this point of view it is important to decide which din acest punct de vedere este important sa se decida ce
methods (eventually with what corrections) are applicable metode (eventual cu ce corectii) sunt aplicabile Tn diverse

in different geographical areas. zone geografice.

On the other hand, the results become warnings or Pe de alta parte, rezultatele se constituie in
forecasts, beeing useful for land managers in those avertismente sau prognoze utile pentru managerii solurilor
geographic areas. din respectivele zone geografice.

Another direction of approach is that theoretical, O alta directie de abordare este aceea teoretica, care
that try to introduce estimators or new or improved incearca sa introduca estimatori sau metode de estimare
estimation methods, by furnishing to the specialists new noi sau Tmbunatatite, punand la dispozitia specialigtilor
or improved tools to be tested in different areas from instrumente noi sau perfectionate care trebuie testate in

geographical and climatic point of view, in order to test zone diferite din punct de vedere geografic si climatic, in
their ability to cover larger or to improve the accuracy of vederea testarii capacitatii acestora de acoperire mai larga
estimations. sau de imbunatatire a preciziei estimarilor.

This paper presents an approach to estimate the risk Aceastd lucrare prezinta o abordare a estimarii
of pluvial erosion from both points of view, making an riscului de eroziune pluviala din ambele puncte de vedere,
estimation by checking in a specific geographical area and efectudnd o estimare cu verificare intr-o zona geografica
proposing other estimators, best known in the world of concreta si propunand alti estimatori, mai cunoscuti in

statistics, which are well framed in terms of value by those lumea statisticii, care sunt bine incadrati valoric de cei
specific for the field and able to be adapted and tested for specifici domeniului si pot fi adaptati si testati pentru
wide use in different geographic and climate areas. utilizare larga in diverse zone geografice si climatice.
MATERIAL AND METHOD MATERIAL S| METODA
To estimate the intensity of erosion in the Valea Calugareasca Pentru estimarea intensitatii erozionale in zona Valea
area, we have estimated the rainfall erosivity through Calugareasca, am estimat erozivitatea ploii prin
Fournier index or through Fournier modified index. As intermediul indexului Fournier si prin intermediul indexului
base material we have used pluviometric regime data for Fournier modificat. Ca material de baza am folosit datele
the years 2002 - 2007, collected by the meteorological regimului pluviometric in anii 2002 — 2007, recoltate de
centre of ICDVV Valea Calugareasca, fig.1. central meteorologic al ICDVV, fig. 1.
The Fournier index is defined after [1], for example, Indexul Fournie este definit, dupa [1], de exemplu,
quoting from [5] by the formula (1): care citeaza din [5], prin formula (1):
p2
Cp =—hax 1)
P
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where pmax is the amount of precipitation in the month
with the largest amount of rainfalls, and P is the annual
amount of precipitation. More specifically, if we denote by
pi, i = 1...12 the monthly precipitation amount, then, the
Fournier index formula is written as:

Cp—

INMATEH - icultural

in care pmax este cantitatea de precipitatii din luna cu cea
mai mare cantitate de apa cazuta, iar P este cantitatea
anuald de precipitati. Mai precis, daca notam cu
pi, i = 1...12, cantitatea lunard de precipitatii, atunci,
formula indexului Fournier se scrie:

~(max{py,..., p12})2 )

At the same time, the system of classification of the
erosion class and annual soil loss through erosion,
occuring in Fig. 2 are also taken from[1]. The Fournier
modified index is defined, for example in [6] by the formula:

MFI =

The notation being those above, MFI designates the
Fourier modified index. Also in [5] appears the
classification in classes of erosion, according to Fourier
modified index, as is shown and used in Fig. 3.

In 1980, [7] or in 2011, [10] proposes for the same purpose
another estimator of rainfall erosivity, namely the precipitation
concentration index (PCI), defined by the formula:

PCl is the index of rainfall concentration. According to [7],
if PClI has values lower than 10 a rainfall uniform
distribution is suggested during the estimated period,
values between 11 and 15 of the same index would show
a moderate seasonal distribution and values between 16
and 20 show the so-called seasonal distribution of
rainfalls. A value of PCI upper than 20 shows a strong
seasonal distribution.

RESULTS

The methods for estimating the risk of pluvial erosion
described above were applied for the pluviometric regime,
recorded by the meteorological resort Valea
Calugareasca, located on the ICDVYV territory ranged on a
period of six years from 2002 to 2007. The values of annual
quantities of precipitation for each of the six years appear in
graphical form in Fig. 1. Based on monthly rainfall distribution
for each of the six years have been calculated the Fournier
index, the Fournier modified index and the index of
concentration of rainfalls.

Using these indices and the associated classification
criteria, have been determined the erosion risk classes for
Valea Calugareasca viticultural area.
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Tot dupa [1] este preluat si sistemul de clasificare a clasei
de eroziune si pierderii de sol anuale prin eroziune care
apare n Fig. 2. Indexul Fournier modificat este definit, de
exemplu in [6], prin formula:

;
5" 3
12

Z:pi

notatiile fiind cele de mai sus, MFI desemnand indexul
Fourier modificat. Tot in [5] apare si clasificarea in clase
de eroziune conform indexului Fournier modificat, agsa cum
este redat si folosit in Fig. 3.

in 1980, [7] sau in 2011, [10], propune pentru acelasi
scop un alt estimator al erozivitatii ploii, anume indexul de
concentrare al precipitatiilor (PCl), definit prin formula:

(4)
2

PCI fiind indexul de concentrare al precipitatiilor. Conform
[7], daca PCI are valori mai mici decat 10, este sugerata o
distributie uniforma a ploii in perioada estimata, valori intre
11 si 15 ale aceluiasi indice denota o distributie sezonala
moderata, iar valori intre 16 si 20 indica ceea ce se
numeste o distributie sezoniera a ploilor. O valoare a PCI
superioara lui 20 indica o puternica distibutie sezoniera a
acestora.

REZULTATE

Metodele de estimare a riscului de eroziune pluviala
descrise mai sus au fost aplicate pentru regimul
pluviometric inregistrat de statiunea meteorologica Valea
Calugareasca, aflata pe teritoriul ICDVV, pe o perioada de
sase ani, 2002 — 2007. Valorile cantitatilor anuale de
precipitatii pe fiecare dintre cei sase ani apar sub forma
grafica in Fig. 1. Pornind de la distributia lunara a cantitatii
de precipitatii pentru fiecare dintre cei sase ani, s-au
calculat indexul Fournier, indexul Fournier modificat si
indexul de concentratie al ploilor.

Cu ajutorul acestori indexi si a criteriilor de clasificare
asociate, s-au determinat clasele de riscuri de eroziune
pentru zona viticola Valea Calugareasca.

1047 2
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Fig. 1 - Annual amount of precipitation during 2002 — 2007 / Cantitatea anuald de precipitafii in perioada 2002 — 2007
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The average value of Fournier modified index is 85.45,
and the average value of Fournier coefficient is 27.011.

According to Fournier modified index and its average
value, erosion in Valea Calugareasca wine growing area
falls in the class 2 of erosion - weak, and according to the
Fournier index and its average value, erosion in Valea
Calugareasca viticultural area falls in the poor category,
with an average annual loss of soil between 5 and 12 t/ ha
per year.

Both versions of Fournier indexes give the same type
of ranking of pluvial erosion in the area, otherwise, the
vectors of the two types of indexes are well correlated, the
correlation value between them being of 0.782.

This classification of erosion in Valea Calugareasca
viticultural area is recorded when the average value of
precipitations over the six years taken into consideration is
718.667 mm.

INMATEH - icultural

Valoarea medie a indexului Fournier modificat este
85,45, iar valoarea medie a coeficientului Fournier 27,011.

Conform indexului Fournier modificat si valorii medii a
acestuia, eroziune in zona viticola Valea Calugareasca se
incadreaza n clasa 2 de eroziune — slaba, iar conform
indexului Fournier si valorii medii a acestuia, eroziunea in
zona viticola Valea Calugareasca se incadreaza 1n
categoria slaba, cu o pierdere anualda medie de sol
cuprinsa intre 5 si 12 t/ha pe an.

Ambele variante ale indexilor Fournier dau acelasi tip
de clasare a eroziunii pluvial in zona, de altfel vectorii celor
doua tipuri de indexi sunt bine corelati, valoarea corelatiei
intre acestia fiind 0,782.

Aceasta clasificare a eroziunii Tn zona viticola Valea
Calugareasca se inregistreaza in conditile in care
valoarea medie a precipitatiilor pe cei sase ani considerati
Tn calcul, este de 718,667 mm.
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Fig. 2 - Fourier index variation over the period 2002 — 2007 / Variatia indicelui Fourier de-a lungul perioadei 2002 — 2007
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Fig. 3 - Fourier modified index variation during the period 2002 — 2007 / Variatia indexului Fournier madificat in perioada 2002 — 2007
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The results obtained by this method are according with
those obtained through USLE method applied to the digital
models of terrain, which for the same area - ICDVV Valea
Calugareasca - give losses between 1.28 and 7 t / ha per
year for 99% out of the surface.

In [9], when was used the USLE method with direct
measurements on the digital photography for each parcel
or group of parcels has found that 78.073% of their surface
have soil loss by erosion under the value of 7 t / ha per
year and 91.486% of surface have soil loss value by
erosion below 10 t/ ha per year.

It follows that the method of estimation based on the
pluviometric regime is compatible with the USLE method,
the results framing in the same range of prediction, with
the upper limit value of 12 to 15 t / ha annually, soil lost by
erosion. Sources [14] and [15] also confirm the prediction
obtained using the Fournier indexes method.

A study to estimate the accuracy of estimators and the
method used could not develop due to short period of
estimation. In the literature such references to precision
does not exist. We appreciate the efficiency of estimators
limited compared to other methods for estimating erosion,
as noted above. Moreover, the estimation accuracy of
these estimators requires clear definition of it and then
study for long periods, after which the results provide data
on the correct classification in classes of erosion given
above.

Other sources for indicators of
rainfalls: RMS or standard deviation

The formulae for calculating the Fournier index,
especially for Fournier modified index for statisticians or for
those who frequently process data, immediately lead to the
link with the RMS calculation formula - the square root of
the arithmetic mean of the series squares [15]:

"spreading" of

RMS =

For comparison, in Fig. 5 and 6, each of the two variants
of Fournier index and RMS calculated for the same data
series has been represented graphically and comparatively.

INMATEH - icultural

Rezultatele obtinute pe aceasta cale concorda cu cele
obtinute prin metoda USLE aplicata pe modele digitale ale
reliefului, care, pentru aceeasi zona — ICDVV Valea
Calugareasca — da pierderi intre 1,28 si 7 t/ha anual
pentru 99 % din suprafata.

Tn [9], unde s-a utilizat metoda USLE cu masuratori
direct pe fotografia digital pentru fiecare parcel sau grup
de parcele, s-a gasit ca 78,073 % din suprafata au pierderi
de sol, prin eroziune, sub valoarea de 7 t/ha anual si
91,486 % din suprafata are valoarea pierderilor de sol prin
eroziune sub 10 t/ha pe an.

Rezultd ca metoda de estimare bazatd pe regimul
pluviometric este compatibila cu metoda USLE, rezultatele
fiind situate Tn acelasi interval de predictie, avand ca limita
superioara valoarea de 12 — 15 t/ha anual, sol pierdut prin
eroziune. Sursele [14] si [15], confirma de asemenea
predictia obtinuta folosind metoda indexilor Fournier.

Un studiu pentru estimarea preciziei estimatorilor si
metodei folosite nu s-a putut dezvolta datoritd periodei
scurte de estimare. Nici in literatura de specialitate asemenea
refrinte la precizie nu existd. Ne-am marginit sa apreciem
eficienta estimatorilor prin comparatie cu alte metode de
estimare a eroziunii, asa cum am specificat mai sus. De altfel,
estimarea preciziei acestor estimatori necesita definirea
clara a acesteia si apoi studiul pe perioade indelungate, in
urma carora, rezultatele sa furnizeze date asupra corectei
incadrari in clasele de eroziune date mai sus.

Alte surse pentru indicatorii de ,,imprastiere” a ploilor:
RMS sau abaterea medie patratica

Formulele de calcul pentru indicele Fournier, dar mai
ales pentru indicele Fournier modificat, pentru statisticieni
sau pentru cei ce prelucreaza frecvent date, conduce
imediat la legatura cu formula de calcul a RMS — radacina
patratd a mediei aritmetice a patratelor sirului [15]:

(6)

Pentru comparatie, in fig. 5 si 6, s-a reprezentat grafic
comparativ fiecare dintre cele doua variante ale indexului
Fournier si RMS calculate pentru aceleasi serii de date.
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Fig. 5 - Comparative variation of Fourier index and RMS during the period considered /
Variatia comparativa a indexului Fournier si a RMS, in perioada de timp avuta in vedere
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Fig. 6 - Comparative variation of the Fourier modified index and RMS during the period considered /
Variatia comparativa a indexului Fournier modificat si a RMS, in perioada de timp avuta in vedere
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Another statistical estimator that gives the situation in
the same way as the spreading estimators above
mentioned is the standard deviation, [13], [14]:

INMATEH - icultural

Un alt estimator statistic care reda situatia de aceeasi
manierd ca gi estimatorii de imprastiere sus mentionati
este abaterea medie patratica, [13], [14]:

(6)
where n care
12
2P
p=1=L @)
12
is the average of annual rainfalls. este media aritmetica a precipitatiilor anuale
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Fig. 7 - Comparative variation of Fournier modified index, Fournier index and standard derivation during the time taken into account /
Variatia comparativa a indexului Fournier modificat, a indexului Fournier si a abaterii medii pétratice, in perioada de timp avuta in vedere

Behavior of the standard deviation is similar to that of
RMS, its values ranging between those two versions of
Fournier indexes for the pluviometric series examined.

CONCLUSIONS

Pure pluviometric estimation of pluviometric erosion
risk is in accord with the estimation made using USLE
model relative to the Valea Calugareasca viticultural area.

This allegation is useful because the pure pluviometric
estimation requires only the local pluviometric regime
taken from the nearest weather station, while the USLE
model requires a series of parameters demanding
experimental measurements and complex calculations.
This estimate type, very practised worldwide due to its
simplicity, must be supplemented periodically, for greater
accuracy with other methods estimations.

Compared to USLE method or even other methods
that take into account the soil characteristics of the area,
Fournier method index acquires a more general character
(with a lower price of accuracy), taking into account only
the pluviometric regime that is a characteristic for a larger
area, for example, all the Valea Calugareasca viticultural
area and not only the ICDVYV territory.

A second conclusion of the study is that the Fourier
indexes frequently used in estimation of pluviometric
regime, may be replaced with classical statistical
estimators such as medium quadratic deviation or RMS -
square root of the arithmetic mean of the squares. This
conclusion is true at least for the Valea Calugareasca
viticultural area. To use these classic estimators for
statisticians and for the persons involved in the field of
processing data, still need to performe only the calibration
of the values of these estimators at the scales of Fournier
indexes erosion classes.

Given the correlation between the results obtained with
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Comportamentul abaterii medii patratice este similar celui
al RMS, valorile sale situandu-se intre cele ale celor doua
variante de indexi Fournier, pentru seriile pluviometrice examinate.

CONCLUZII

Estimarea pur pluviometrica a riscului de eroziune
pluviala este in acord cu estimarea facutad cu ajutorul
modelului USLE, relativ la zona viticola Valea Calugareasca.

Aceasta afirmatie este utila pentru ca estimarea pur
pluviometrica necesita numai regimul pluviometric local,
preluat de la statia meteorologicd cea mai apropiata, in
timp ce modelul USLE solicita o serie de parametri pentru
care sunt necesare determinari experimentale si calcule
complicate. Acest tip de estimare, foarte practicat pe plan
mondial datoritd simplitatii sale, trebuie suplimentat, periodic,
pentru precizie mai mare si cu estimari prin alte metode.

Fatd de metoda USLE sau chiar alte metode care tin
seama de caracteristicile solului zonei, metoda indexului
Fournier dobandeste un caracter mai general (cu pretul
unei precizii mai mici), tindnd seama doar de regimul
pluviometric care este caracteristic unei zone mai mari, de
exemplu, toata zona viticola Valea Calugareasca si nu
numai teritoriul ICDVV.

O a doua concluzie a studiului este aceea ca indexii
Fournier utilizati frecvent in estimarea eroziunii
pluviometrice, pot fi inlocuiti cu estimatori statistici clasici
cum sunt abaterea medie patratica sau RMS — radacina
patrata a mediei aritmetice a patratelor. Aceasta concluzie
este adevaratd cel putin pentru zona viticolda Valea
Calugareasca. Pentru a folosi acesti estimatori clasici
pentru statisticieni si pentru cei care lucreaza in domeniul
prelucrarii datelor, mai trebuie efectuatd numai calibrarea
valorilor acestor estimatori la scarile claselor de eroziune
ale indexilor Fournier.

Tindnd seama de concordanta intre rezultatele obtinute
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index type estimators and those obtained by other
methods it is recommended indexes methods as being
faster for prognosis for short periods and to warn the
particularly exposed areas to the erosive pluvial regimes.
For quantitative estimations, which effectively gives the
annual soil loss per hectare the classical methods are
recommended, USLE, or the empirical, for example.
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cu ajutorul estimatorilor de tip index si cele obtinute prin alte
metode, se recomanda metodele indecsilor ca fiind rapide,
pentru prognoza pe perioade scurte si pentru atentionarea
zonelor expuse Tn mod deosebit regimurilor pluviale erozive.
Pentru estimatii cantitative, care dau efectiv pierderea de sol
anuala la hectar, se recomanda metodele clasice, USLE, sau
empirice, de exemplu.
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CONTROLLED FLOW SPRAYING MACHINE MSDC 2000

/

CERCETARI PRIVIND APLICAREA TRATAMENTELOR FITOSANITARE CU MASINA DE
STROPIT CU DEBIT CONTROLAT MSDC 2000

Eng. Dumitragcu A.”, PhD. Eng. Manea D.”, Prof. PhD. Eng. Vartukapteinis K.?
YINMA Bucharest / Romania, 2)University of Agriculture / Latvia
Tel: +40 21.269.32.69; Fax: +40 21.269.32.73; E-mail: andreid753@gmail.com

Abstract: Within the mechanized technology of
performing chemical treatments by spraying with
insecticides, fungicides and herbicides to combat

diseases, pests and weeds in field crops, INMA Bucharest
has designed, developed and tested an experimental
model of machine for applying phytosanitary treatments.
This paper presents experimental investigations of this
machine, working in aggregate with the 65 HP tractor
U650, determining under laboratory and field conditions
the qualitative indices, energy indices and working
technology.

Keywords: monitor, nozzles, spraying ramp, transducer

INTRODUCTION

Controlled flow spraying machine, MSDC 2000 (fig. 1)
is designed for diseases, weeds and pests control, in field
crops, using chemical treatments by means of classical
methods or according to certain parameters method( dose
proportional to the forwarding speed) [6].

The process of uniform regulation of the spraying
solution flow according to the treated area is run by a
computer.

For this purpose, the machine has a system designed
to control and automatically regulate the quantity of liquid
[1], [B], [15], consisting of a microprocessor and special
tracking devices of speed and pressure. The electronic device
compares the data received to those demanded, automatically
correcting or allowing the operator to manually adjust the
amount of liquid distributed in the spraying circuit.

The machine achieves the optimum efficiency if the
preparatory operations for the spraying process are
performed with equal accuracy. To correct the possible
errors there are special training machine for preparing
solutions and suspensions, and special devices to control
the concentration. Thus, using a minicalculator, with the
aid of a program, can find in seconds the amount of
solution required for the treatments [7].

Thanks to the rolling system used, the machine can
work in cultures up to 70...80 cm height. The spraying
devices can be adjusted depending on the characteristics
of culture. The machine works in aggregate with tractors of
50-70 HP (37-52 kW) and is operated from the tractor
PTO. Regarding the electronics of the machine, it is
powered from the tractor electrical circuit (12 V DC).

All types of treatment substances (solutions, emulsions
and suspensions in water) that are necessary for the
phytosanitary treatments can be used.

The folding system of the side wings of the spraying
ramp [13] allows to the aggregate formed by tractor and
machine taking short turns avoiding that the tractor, in its
path strikes any of the side wings.

The invention [13] was awarded the bronze medal at
the International Exhibition of Inventions in Geneva, April 6
to 10, 2011.
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Rezumat: In cadrul tehnologiei de mecanizare a efectudrii
tratamentelor chimice prin stropire cu insecticide, fungicide
si erbicide in vederea combaterii bolilor, daunatorilor si
buruienilor Tn culturile de camp, INMA Bucuresti a
proiectat, realizat si Tncercat un model experimental de
masind pentru aplicarea de tratamente fitosanitare. In
aceastd lucrare  sunt  prezentate  investigafiile
experimentale ale acestei magini, in agregat cu tractorul
U650, determinandu-se in conditii de laborator si de camp
indicii calitativi de lucru, indicii energetici si tehnologia de
lucru.

Cuvinte cheie: duze, monitor, rampa de stropit, traductor

INTRODUCERE

Masina de stropit cu debit controlat, MSDC 2000
(fig.1), este destinata efectuarii tratamentelor chimice de
combatere a bolilor, buruienilor si ddunatorilor in culturile
de camp, in sistem clasic sau corelat (norma la hectar cu
viteza de deplasare) [6].

Procesul de reglare uniforma a debitului de solutie de
stropit corespunzator cu suprafata tratata este condus de
un calculator.

Tn acest scop, masina dispune de un sistem de control
si reglare automata a cantitatii de lichid [1], [5], [15], format
dintr-un microprocesor si dispozitive speciale de urmarire
a vitezei si presiunii. Dispozitivul electronic compara
datele primite cu cele care trebuie respectate, corectand
automat sau permitand operatorului sa regleze manual
cantitatea de lichid distribuita in circuitul de pulverizare.

Masina realizeaza o eficientd optima daca si operatiile
pregatitoare pentru procesul de stropit sunt realizate cu
aceeagi acuratete. Pentru corectarea erorilor exista masini
speciale de pregatit solutile si suspensiile, precum si
aparate speciale pentru controlul concentratiei. Astfel, pe
un minicalculator, cu ajutorul unui program, se poate
calcula Tn cateva secunde necesarul de solutie pentru
tratamente [7].

Datorita sistemului de rulare folosit, poate lucra in
culturi cu talie pana la 70...80 cm. Dispozitivele de
pulverizare se pot regla in functie de caracteristicile
culturii. Magina lucreaza in agregat cu tractoare de 50-70
CP si este actionata de la priza de putere a tractorului. Tn
ceea ce priveste partea electronica, masina este
alimentata de la circuitul electric al tractorului (12 V CC).

Este posibila utilizarea tuturor tipurilor de substante
de tratare (solutii, emulsii si suspensii in apa) ce sunt
necesare n tratamentele fitosanitare.

Sistemul de pliere a aripilor laterale ale rampei de
stropit [13] permite luarea virajelor scurte de catre agregatul
format din tractor si masina, fara ca in traiectoria lui
tractorul sa loveasca vreuna dintre aripile laterale.

Inventia [13] a fost premiata cu medalie de bronz la
Salonul International de Inventii de la Geneva, 6-10
aprilie, 2011.
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a — In transportation / In transport
Fig. 1 - Controlled flow spraying machine, MSDC 2000 /
Masgina de stropit cu debit controlat, MSDC 2000

MATERIAL AND METHOD

Experimental investigations were carried out with an
aggregate consisting of controlled flow spraying machine,
MSDC 2000 and U 650 65 HP (48 kW) tractor.

The controlled flow spraying machine (fig. 2) consists
of: frame(1); axle(2); leg support(3); solution reservoir(4);
wash tank(5); support(6); installation of liquid(7); spraying
boom(8); hydraulic system(9); braking system(10); parking
brake(11l); intermediate frame(12); platform scale(13);
signaling system(14).

Computerized distribution system, type ARAG-Bravo
110, (fig. 3) consists of: monitor (1); control panel (2);
pressure sensor (3); ramp sections solenoid (4); flowmeter
(5); proportional solenoid (6); manual closure valve (7);
general closing solenoid (8); speed sensor (9).

The main technical characteristics of the aggregate
used in the tests are:

a) The controlled flow spraying machine, MSDC 2000:

Machine type trailed
Driving mode from the tractor PTO
Dimensions, mm

- length 4500
- width 2200
- height 2400
Working width, m 16
Spraying system hydraulic

Nozzles type
Hydraulic agitation system

tangential, Albuz Tifone type

Solution tank capacity, | 2000
Working tank capacity, | 200
Pump type volumetric, 6 membranes
Pump revolution, rpm 550
Maximum working pressure, MPa 1
Pump flow, I/min 209.5
Total mass, kg 2000
b) Tractor

- type U650
- engine power, HP (kW) 65 (48)
- engine revolution, rpm 2200
- PTO revolution, rpm 540

- working speeds, km/h 1,5...10,2 (8 gear box ratios)

The machine is equipped with an electronic monitor,
endowed with specific spraying operations software, aiming
at the management and workflow optimization. The monitor
has a display on two rows, which can show current rate per
hectare (I/ha), speed (km/h), fluid pressure (bar). The other
factors involved are constants which are set in the monitor
memory by means of the press buttons. Worked surface
varies with speed, which is measured counting the distance
travelled per time unit, by counting the pulses received from
a sensor placed on the hub of one of the car wheels. The
working width of the spraying ramp is considered as
constant input (16 m for MSDC 2000). If the tractor is fitted
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b — At working / In lucru

MATERIAL S| METODA

Cercetarile experimentale s-au efectuat cu un agregat
alcatuit din Masina de stropit cu debit controlat, MSDC 2000 si
tractorul U 650 de 65 CP (48 kW).

Masina de stropit cu debit controlat (fig. 2) se compune din:
cadru (1); osie (2); picior de sprijin (3); rezervor de solutie (4);
rezervor de spalare (5); suport rampa(6); instalatie de lichid
(7); rampa de stropit (8); instalatie hidraulica (9); instalatie de
franare (10); frana de parcare (11); cadru intermediar (12);
platforma cu scara (13); instalatie de semnalizare (14).

Sistemul de distributie computerizat, tip ARAG-Bravo 110,
(fig. 3) se compune din: monitor (1); panou de comanda (2);
senzor de presiune (3); electrovalve pentru sectiunile rampei
(4), debitmetru (5); electrovalva proportionala (6); robinet inchidere
manuala (7); electrovalva inchidere generala (8); senzor viteza (9).

Principalele caracteristici tehnice ale agregatului utilizat
la Tncercari sunt urmatoarele:

a) Masina de stropit cu debit controlat, MSDC 2000:

Tipul masinii tractata
Modul de actionare de la priza de putere a tractorului
Dimensiuni de gabarit, mm

- lungimea 4500
- latimea 2200
- inaltimea 2400
Latimea in lucru, m 16
Sistemul de pulverizare hidraulic
Tipul duzelor tangentiale de tipul Albuz Tifone
Sistemul de agitare hidraulic
Capacitatea rezervorului de solutie, | 2000
Capacitatea rezervorului de spalare a masinii, | 200
Tipul pompei volumica, 6 membrane
Turatia pompei, rpm 550
Presiunea maxima de lucru, MPa 1
Debitul pompei, I/min 209,5
Masa totala, kg 2000
b) Tractor

- tipul U650
- puterea motorului, CP (kW) 65 (48)
- turatia motorului, rpm 2200
- turatia prizei de putere, rpm 540

- viteze de lucru, km/h 1,5...10,2 (8 trepte)

Masina este echipata cu un monitor electronic, prevazut cu
software-ul specific operatiilor de stropit, care are ca scop
managementul si optimizarea procesului de lucru. Monitorul
are un display cu afisare pe 2 randuri, care poate arata norma
la hectar curenta (I/ha), viteza de deplasare (km/h), presiunea
lichidului (bar). Ceilalti factori care intervin constituie constante
care se seteaza in memoria monitorului cu ajutorul tastelor.
Suprafata lucratd variazd cu viteza de deplasare, care se
masoara contorizand distanta parcursa in unitatea de timp,
prin numararea impulsurilor primite de la un senzor plasat pe
butucul uneia din rotile masinii. Se considera constanta de
intrare latimea de lucru a rampei de stropit (16 m in cazul
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with automatic power outlet, which automatically switches
off at the heads of race or at the returns, as long as the
PTO does not run, it cancels the counting of pulses
received from the wheel, since the movement does not add
actually worked surface.

Operating mode

The pump takes fluid from the tank, when the three-
way valve is positioned correctly and discharge it to the
monitoring equipment. The general valve of the equipment
is coupled and the circuit pressure is manually adjusted
with the aid of the relief pressure valve at a superior
pressure value, necessary to achieve the required doses.
The working parameters are inserted in the computer
memory, the solenoids are opened aimed at the sections
of the working ramp. When working, the computer
compares pulses received from the speed sensor and the
flow of effective and proportionate control valve tray so as
to keep constant the rate per hectare [7].

Automatic working mode

In this way, the dose of liquid per hectare is kept
constant at the set value, compensating the speed
variations by modifying the pressure in the spraying ramp,
within a range of +20%. The operator intervenes only
when the pressure deviations go beyond the allowable
margin.

b) Frontal view / Vedere frontala
Fig. 2 — Controlled flow spraying machine component parts /

INMATEH - icultural

MSDC 2000). Daca tractorul este prevazut cu priza de putere
automata, care se decupleaza automat la capete de cursa,
perioada cat priza de putere nu se roteste anuleaza
contorizarea impulsurilor primite de la roata, deoarece
deplasarea respectiva nu adauga suprafata efectiv lucrata.
Modul de functionare

Pompa de lichid preia lichidul din rezervor, atunci cand
robinetul cu trei cai este pozitionat corespunzator si il
refuleaza spre echipamentul de monitorizare. Se cupleaza
valva generald a echipamentului si se regleaza manual
presiunea din circuit cu ajutorul valvei de suprapresiune la
o valoare superioara presiunii necesare realizarii normelor
impuse. Se introduc Tn memoria calculatorului parametrii
de lucru si se deschid electrovalvele pentru sectiunile
rampei de lucru. Tn timpul lucrului computerul compara
impulsurile primite de la senzorul de viteza si de la cel de
debit efectiv i comanda sertarul valvei proportionale
astfel incat sa pastreze constanta norma la hectar [7].
Modul de lucru automat

Tn acest mod, norma de lichid la hectar se pastreaza
constanta la valoarea setata, prin compensarea variatiilor
de viteza de deplasare cu modificarea corespunzatoare a
presiunii din rampa de stropit, intr-un intervalul de + 20%.
Operatorul nu intervine decéat in situatia in care abaterile
la presiune depasesc marja admisa.

Componenta masginii de stropit cu debit controlat, MSDC 2000
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tuzal

a) Technological scheme / Schema tehnologica

" b) Actuators and control / Elemente de ac;‘onare si control

Fig. 3 — The computerized distribution system ARAG-Bravo 110 / Sistemul de distributie computerizat, ARAG-Bravo 110

Working in the automatically mode requires a sensor
for measuring the flow, this one being located on the circuit
of liquid onto the ramp and the element of execution
controlled by the monitor, which consists of a solenoid
which increases or decreases the pressure, by restricting
the correlated return to the tank.

The manual working mode

In the manual mode, the operator manually keeps trace
of the dose per hectare, currently shown on the screen
and, depending on the value required, increases or
decreases speed to make the current dose match the
actual one[1], [5], [15]. Values aimed by the operator (I/ha,
km/h) are displayed on the screen.

Additional features of the monitor

a) The surface function: based on forward speed and the
working width which are inputs elements of calculating the
dose of fluid administered per hectare the monitor can
count and display the worked area (in hectares) by
selecting it.

b) The reservoir fluid amount function: according to the
fluid flow distributed by the ramp, the monitor can
electronically reveal the amount of fluid remained in
the reservoir and the operator can decide on the
appropriate moment of the further liquid filling of the
tank.

c) Reprogramming the monitor: when the last strips of the
allotment to be sprayed are smaller than standard machine
width, the operator may suspend the work of certain
groups of nozzles (the smallest fraction being one fifth of
the width of the ramp) [2], [3], [4], [8], [9]-

Tests were conducted on an experimental plot of 2000
m2, at INMA, in June 2006. They were performed in
accordance with the specific testing procedure "Testing
chemicalization machines. Spraying machines" [10], [11],
[14], STAS 13042/1-91 "Agricultural machines. Methods for
determining the constructive parameters” and STAS
13042/2-91  "Agricultural  machines. Methods for
determining the indices of exploitation".

In accordance with specific testing procedure
accredited in DITRMA, during testing were used the
following measuring instruments: swingarm scale; timer;
pressure gauge 0+40 bar and 0+25 bar; 0+15 m steel tape;
centrifugal tachometer 40+48 000 rpm; device for
measuring angles with an accuracy of +0.5"; calibrated
cylinders for measuring the solution.

RESULTS

Within the tests, the following indicators were determined:
the pump flow, the flow through a nozzle, the liquid dose,
the working pressure variation during the dischargement of
the tank, the effectiveness of the agitation system [12], [13].
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Lucrul Tn mod automat impune existenta unui senzor
pentru masurarea debitului, pozitionat pe circuitul lichidului
spre rampa si a elementului de executie, comandat de la
monitor, constituit dintr-o electrovalva care creste sau
scade corespunzator presiunea, prin restrictionarea
corelata a returului la rezervor.

Modul de lucru manual

La operarea in mod manual operatorul urmareste
valoarea normei la hectar curente afisate pe ecran si, in
functie de norma la hectar dorita, creste sau scade viteza
de deplasare pentru a face ca norma curenta sa corespunda
cu norma efectiva [1], [5], [15]. Valorile urmarite de
operator (I/ha, km/h) sunt afisate pe ecranul monitorului.
Functii suplimentare ale monitorului
a) Functia suprafafd: pe baza vitezei de deplasare si a
latimii de lucru care intré ca elemente de intrare la calculul
normei de lichid administrata la hectar monitorul poate
contoriza si afisa suprafata lucratd (in hectare) prin
selectarea acesteia.

b) Functia cantitate de lichid din rezervor. pe baza
debitului de lichid distribuit de rampa, monitorul poate
sa evidentieze electronic cantitatea de lichid ramasa n
rezervor iar operatorul poate sa decida momentul in
care trebuie efectuatd o noud umplere cu lichid a
rezervorului.

¢) Reprogramarea monitorului: cand pentru ultimele parcursuri
din parcela fasia de teren ce trebuie stropita este mai mica
decét latimea standard a maginii, operatorul poate suspenda
distributia pentru anumite grupe de duze (cea mai mica
fractiune fiind de 1/5 din latimea rampei) [2], [3], [4], [8], [9].

Tncercérile s-au efectuat pe un lot experimental al INMA
de 2000 m2, n luna iunie 2006. Acestea au fost in
conformitate cu procedura specifica de Tincercare
"Incercarea masinilor pentru chimizare. Magini de stropit”
[10], [11], [14], STAS 13042/1-91 “Masini agricole. Metode
de determinare a parametrilor constructivi” si STAS
13042/2-91 “Masini agricole. Metode de determinare a
indicilor de exploatare.”

in conformitate cu procedura specificd de incercare
acreditata in cadrul DITRMA, la incercari s-au utilizat
urmatoarele instrumente de masura: cantar bascul3;
cronometru; manometre 040 bar si 0+25 bar; ruleta
metalica 0+15 m; turometru - tahometru centrifugal 40+48.000
rpm; dispozitiv pentru masurarea unghiurilor cu precizia
de + 0,5; cilindri gradati pentru masurarea solutiei.

REZULTATE

In cadrul incercarilor s-au determinat urmatorii indici:
debitul pompei, debitul printr-o duza, norma de lichid,
variatia presiunii de lucru in timpul golirii rezervorului,
eficacitatea sistemului de agitatie [12], [13].
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The pump flow: was determined by volumetric method, at
the working speed of 540 rpm and pressures up to 4 kPa.
The pump driven by PTO of the tractor can achieve liquid
flows up to 209.5 I/min for pressures between 0+4 kPa at
speed of 540 rpm.
The flow through nozzles

There were used Albuz Tifone (0.4) nozzles [16], for which
was determined the flow by volumetric method. Delivered
water through the nozzles for 1 minute was collected in vessels,
then measured with 2-liter calibrated cylinders. The working
pressure was read on the gauge mounted on the distribution
body installed next to the tractor cab. Nozzles have achieved
liquid flow rates ranged between 1.13 I/min and 1.87 |/min, for
pressures between 1.5 and 4 kPa. The intermediate values
and the graphics of the variation of fluid flow depending on
pressure, for this type of nozzles, are presented in table 1.

INMATEH - icultural

Debitul pompei: s-a determinat prin metoda volumetrica, n
conditiile de lucru la turatia de 540 rpm si la presiuni de pana
la 4 kPa. Pompa actionata de priza de putere a tractorului
poate realiza debite de lichid de pana la 209,5 I/min, pentru
presiuni de lucru intre 0+4 kPa la turatia de 540 rpm.
Debitul prin duze

S-au folosit duze Albuz Tifone (0,4) [16], pentru care s-
a determinat debitul, prin metoda volumetrica. Apa
debitata prin duze timp de 1 minut a fost colectata in
vase, fiind apoi mé&suratd cu cilindri gradati de 2 litri.
Presiunea a fost citita la manometrul montat pe corpul de
distributie montat langa cabina tractorului. Duzele au
realizat debite cuprinse ntre 1,13 I/min si 1,87 I/min,
pentru presiuni de lucru intre 1,5 si 4 kPa. Valorile
intermediare si aspectul grafic al variatiei debitului de
lichid in functie de presiune, sunt in tabelul 1.

Table 1/ Tabelul 1

Variation of fluid flow depending on pressure / Variatia debitului de lichid in functie de presiune

Pressure / Presiune

Flow/Debit (I/min)

(kPa) 1°Test / incercarea | 2"'Test / Incercarea |l 3"Test / incercarea lll Average / Media
1.5/1,5 1.125/1,125 1.130/1,130 1.135/1,135 1.130/1,130
2.0/2,0 1.338/1,338 1.335/1,335 1.347 /1,347 1.340/ 1,340
2.5/2,5 1.470/1,470 1.500/ 1,500 1.500/ 1,500 1.490/ 1,490
3.0/3,0 1.620/1,620 1.660/ 1,660 1.640/ 1,640 1.640/ 1,640
3.5/3,5 1.780/1,780 1.790/ 1,790 1.740/ 1,740 1.771/1,771
4.0/4,0 1.880/1,880 1.850/ 1,850 1.880/1,880 1.870/1,870

The liquid doses

During field experiments, conducted on an area of 2000
m2, were achieved the following doses, summarized in
tables 2 and 3. One can notice that the machine can
accomplish low-consumption doses, in classical mode. In
correlated mode, doses between 171 I/ha and 446 I/ha,
about 10% lower than in the classical regime, are
accomplished.

Normele de lichid

fn timpul experimentarilor in caAmp au fost realizate,
pe o suprafatda de 2000 m2, urmatoarele norme,
centralizate n tabelele 2 si 3. Se observa ca masina
poate realiza si norme cu consum redus de substanta,
n regim clasic. In regim corelat se realizeazd norme
cuprinse intre 171 I/ha si 446 I/ha, mai mici cu circa
10% decét in regim clasic.

Table 2/ Tabelul 2

Rules of fluid per hectare without matching system / Normele de lichid la hectar fara sistem de de corelare
Liquid doses per hectare/Normele de lichid la hectar (I/ha)

Pressure / Speed/Viteza (km/h)

Presiune

(kPa) 5 6 7 8
15/1,5 291 244 211 188
2.0/2,0 345 290 253 225
25/25 385 322 277 248
3.0/3,0 422 356 305 273
35/35 456 384 331 297
4.0/4,0 483 406 351 315

Table 3/ Tabelul 3

Rules of fluid per hectare with matching system / Normele de lichid la hectar cu sistemul de corelare in functiune

Liguid doses per hectare/Normele de lichid la hectar (I/ha)
Speed/Viteza (km/h)

5 6 7 8

PFII?:;[JLZ/ Deviation Deviation Deviation Deviation
(kPa) Norm/  from norm/ Norm / from norm / Norm / fromnorm/ Norm/ fromnorm /
Norma Abaterea Norma Abaterea Norma Abaterea Norma Abaterea de

de lanorma de lanorma de lanorma lanorma
15/15 272 -7.2/1-7,2 227 -7.8/-7,8 195 -8.8/-8,8 171 -11.5/-11,5
2.0/2,0 322 -7.31/-7,3 267 -8.1/-8,1 229 -9.8/-9,8 203 -12.0/-12,0
2517125 359 -7.5/-7,5 300 -8.2/-8,2 257 -8.8/-8,8 226 -10.8/-10,8
3.0/3,0 393 -7.0/-7,0 331 -8.5/-8,5 282 -8.5/-8,5 244 -12.9/-129
35/35 423 -7.21-7,0 352 -8.4/-8,4 305 -9.2/-9,2 269 -11.8/-11,8
4.0/4,0 446 -7.6/-7,6 377 -8.5/-8,5 320 -9.3/-9,3 284 -12.1/-12,1
Average / Media 369 -7.3/-7,3 309 -8.2/-8,2 264 -9.1/-9,2 232 -11.8/-11,8

Effectiveness of agitation
To prevent unauthorized changes in the concentration
of treatment solutions, the machine is equipped with an
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Eficacitatea sistemului de agitatie
Pentru a evita variatile nepermise ale concentratiei
solutiilor de tratare, masina este prevazuta cu un sistem
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multivolume agitation system. The system has an ejector
(Venturi tube), placed at the bottom of the tank, parallel to
the longitudinal axis. Ejector includes a nozzle (¢ 2 mm) in
which the fluid under pressure passes.

When the fluid is passing through the inside ejector the
mixing operation is performed, which involves a large
amount of liquid in the tank. In table 4 are shown the
values of fluid flow passing through the mixer nozzle,
depending on the pressure and the quantities involved.
From the measurements it results that, as pressure
increases circulation time decreases.

In determining the effectiveness of the agitation a
TURDACUPRAL suspension was used.

INMATEH - icultural

de agitatie multivolum. Sistemul are un ejector (tub
Venturi), plasat in partea de jos a rezervorului, paralel cu
axa longitudinala. Ejectorul contine o duza (¢ 2 mm) prin
interiorul careia trece lichidul sub presiune.

La trecerea jetului de lichid prin interiorul ejectorului
se realizeaza functionarea agitatorului, care antreneaza o
mare cantitate de lichid din rezervor. In tabelul 4 sunt
prezentate valorile debitului de lichid ce trece prin duza
agitatorului, in functie de presiune si cantitatile antrenate.
Din masuratori rezulta ca, pe masura ce presiunea creste,
timpul de recirculare scade.

La determinarea eficacitatii sistemului de agitatie s-a
folosit o suspensie de TURDACUPRAL.

Table 4/ Tabelul 4

Effectiveness of agitation / Eficacitatea sistemului de agitatie

Pressure / Presiune [kPa] 15/15

The flow through mixer nozzle / 23123

Debitul prin duza agitatorului [I/min]

The amount of drawn liquid / 308 405

Cantitatea de lichid antrenat [I/min]

Droplets size was determined based on samples
taken on glass slides and hydrosensitive Ciba-Geigy paper
(figure 4). Samples were collected by placing the slides on
the ground at distances equal to the nozzles step, at
different pressures and speed values, respectively different
values of liquid norms. Spraying system meets the
requirements in terms of fineness of particles of liquid that
should be between 100 and 300 um, for the application of
treatments.

2.0/20
42142

*
=

25/25 3.0/30 35/35 4.0/4,0
59/5,9 72172 8.3/83 9.1/91
445 495 538 590

Marimea picaturilor s-a determinat pe baza unor
probe luate pe lame de sticla si hartie hidrosensibila CIBA-
GEIGY (figura 4). Probele au fost recoltate prin asezarea
lamelor pe sol, la distante egale cu pasul duzelor, la
diferite presiuni de lucru si viteze de deplasare, respectiv
la diferite valori ale normelor de lichid. Sistemul de
pulverizare indeplineste cerintele in ceea ce priveste
finetea particulelor de lichid, care pentru aplicarea
stropirilor, trebuie sa fie cuprinse intre 100 si 300 pum.

Fig. 4 — The droplets size determination / Determinarea marimii picéturilor

CONCLUSIONS
The following conclusions were drawn, following the

experiments carried out with the controlled flow spraying

machine MSDC 2000, equipped with correlation system
between flow and speed:

- The machine can work at a slope equal to those
handled by U 650 tractors in aggregate with trailed
machines;

- Machine can work in the classical system without
matching the flow with forward speed;

- Under certain conditions of speed, the sprayer can get
low volumes per hectare, namely those between 171
and 300 I/ha;

- The pump achieves flows of fluid between 106 and
108 I/min for pressures between 1 and 5 kPa at a
speed of 540 rpm, which fully satisfies the
agrotechnical requirements of the machine;

- In terms of uniformity of fluid distribution across the
working width, its value falls in agricultural technique
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CONCLUzII

Tn urma experimentarilor efectuate cu masina de stropit
cu debit controlat MSDC 2000, prevazuta cu sistem de
corelare a debitului de lichid cu viteza de deplasare, au
rezultat urmatoarele:

- Panta terenului pe care poate lucra masina este egala
cu panta terenului pe care pot lucra tractoarele U 650
in agregat cu masinile tractate;

- Masina poate lucra si in sistem clasic, fara corelarea
debitului cu viteza de Tnaintare;

- In anumite conditi de vitez4, masina poate obtine
norme cu volum redus la hectar si anume acelea
cuprinse intre 171 si 300 I/ha;

- Pompa realizeaza, in lucru, debite de lichid cuprinse
intre 106 si 108 I/min, pentru presiuni de lucru
cuprinse intre 1 si 5 kPa, la o turatie de 540 rpm, care
satisfac pe deplin cerintele agrotehnice ale maginii;

- In ceea ce priveste uniformitatea distributiei lichidului
pe latimea de lucru, valoarea acesteia se incadreaza
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requirement of 85%;

- Machine is simple and easy to mainain.

The controlled flow spraying machine, MSDC 2000
fulfills all requirements for applying the agrotechnical
treatments with herbicides, insecticides and fungicides in
field crops.
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in cerinta agrotehnica de 85%;
- Masina este simpla, usor de deservit.
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indeplineste toate cerintele agrotehnice impuse pentru
aplicarea tratamentelor cu erbicide, insecticide si fungicide
n culturile de camp.
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Abstract: Solution for calculation the necessary
resources for plant-growing in a large agricultural farm
using electronic technology card was proposed. The
use of spreadsheets allowed easily and with
insignificant variations of initial data to obtain the
variations in final results. The obtained results gave
us information about the actual use of the resources
within the agricultural terms and creation of
technological solutions for different crops cultivated
in the farm.

Keywords: plant-growing, resources, technology card

INTRODUCTION

During the transition from state to market economy
many farmers in Bulgaria have to restructure their
farms for efficient management of the available
resources (equipment, manpower, warehouses, etc.).
The striving to obtain maximum profit for a short time
with intensive use of natural resources, the non-
compliance with scientifically based technologies, crop
rotations, agro-technical terms, the absence of
scientific potential, etc. led to a lasting negative impact
on cultivated land. The fragmentation of land into small
parcels had a negative impact which reduced the
effective use of the available machinery (intended for
large areas). The ambiguities in division and
distribution of land in real borders during the first years
of transition led to the emergence of so-called "tenants
tourists" who, without compliance with any agro technical
requirements, exhausted the available agricultural inputs
of renting areas.

With the integration of Bulgaria to the European Union,
the country obtained real possibilities for access to EU
funds [1], [2] which led to looking for opportunities to
optimize agricultural production [5], [7], [8], [9],
introduction of new technologies, new varieties, hybrids,
etc. Last years the completing process of distribution of
land and its re-commasation in large parcels, permanently
renting by agricultural cooperatives or sole farmers
influenced positively.

The average for the country cultivated agricultural
land per farm for the period 2003+2005 increased by
18%, as the highest increase in consolidation of farms
was observed in associations - 57%, in sole traders was
39%, and in individuals - 31% [3]. In 2008 the holders of
land (co-operatives and tenants) were 7470 - 22% higher
than the holders in 2007. Obtaining access to higher
financial resources, many of the major tenants bought
part of their cultivated land and in 2008 the average size
of land rented by one tenant farmer was 43,9 ha,
compared to 2007 it was 31% lower. In 2009 a decrease
of sales and purchases of agricultural land was
recorded. The reasons were various, as the most
significant was the financial crisis [4].

37

Pestome:  [pedriokeHo e peweHue 3a MpecMsmaHe Ha
HeobXxoOumMume  pecypcu 38  pacmeHUesnocmeo 8  20/15IMO
3emedesICKO CIMOIMaHCIMBO U3MOM38aLU0 ENEKIMPOHHA MeXHOMo2UYHa
Kapma. V13riorssaHemo Ha e/1eKmpoHHU mabiuyu roseorsiea NIeCHO
U C MalKu MpoMeHU 8 HadYasHume OaHHU 0a ce eb3rpou3sexoa
U3MeHeHUemo & KpatiHume pesyrmamu. [oryqeHume pesyrimamu
HU Oaeam uHGbopMayusi 3a (baKIMUHYECKOMO U3rioi3eaHe Ha
jpecypcume 8 pamMKUMe Ha agpomeXHUMECKUST CPOK U U320mMBSHEMO
Ha MEeXHOMo2UMHO peuwleHue 3a omdesiHUme 8udose  Kyrimypu
omernexdaHu 8 CMonaHCMeOITO.

Kmrouoeu OyMu: mexHOMo2uYHU Kapmu, pacmeHuesbACcmeo,
PECYpCHO ocuaypsisaHe

BBbBEOEHUE

Mo MbTA Ha Npexop, OT AbPKaBHO KbM Na3apHO CTOMNaHCTBO
npes, MHoro cbepmepy B Bbnrapust Bb3HWKHa HeobxogumocTTa
OT NPECTPYKTYpUpPaHe Ha CBOMTE CTOMAHCTBA C Bb3MOXHOCT 3a
ePeKTMBHO ynpaBneHne Ha HanMyHUTe MaTepuarnin pecypcu
(TexHuka, xopa, cknagosa 6a3a u T.H.). CTpeEMEXbT KbM
nornyyaBaHeTO Ha MakcumarnHa nedvanba OT eguHuua
nnoL, 3a KpaTko BPEME C WHTEH3VMBHO W3MONi3BaHe Ha
NpVpoaHUTE OafeHOCTW, HecrasBaHe Ha Hay4yHOODOCHOBaHUTE
TexHomnorm, cenTboobpalleHns, arpoTEXHUYECKN CPOKOBE,
nvncarta Ha HayyYeH nNoTeHuuan u T.H.T. JoBeae A0 TpPanHo
oTpuuaTtenHo Bb3OEWCTBME BbpXy 0bOpaboTBaemute
nnowm. HeratmBHO BNMsiHNE OKa3a u pa3gpobsiBaHETO Ha
3emMsATa Ha Marnkv napuenu Koeto Hamanu edekTUBHOTO
n3nons3BaHe Ha 3aBapeHaTa TexHuka (nMpefHasHaveHa 3a
ronemu nrowm). HesicHotute no pasgensHeTo 1 pa3gaBaHeTo
Ha 3emdATa B peariHu rpaHvuM B HayanHuTe roovHWU Ha
npexoga gnoBefe [0 MNosiBaTa Ha Taka HapeveHuTe
»=apeHgaTopu TypucTtn’, konto 6e3 aa cnassaT BCSIKaKBU
arpoTEXHUYECKN W3UCKBAHMSA U34yeprnBaxa HannyHuTe
NPOV3BOACTBEHM PECYPCY HA apeHayBaHWUTE Mo,

C npvicbeamHsiBaHETO Ha Bbnrapyst kb EBponelickmst cbio3
npen cTpaHaTta ce OTKpMxa Bb3MOXHOCTTA 3a pearieH JOCTbI
0o eBponevickute cpoHaose [1], [5] koeTo goBeae OO TbpCeHe
Ha Bb3MOoXHoCT [5], [7], [8], [9] 3a ommmuaupaHe Ha 3eMeLerickoTo
MPOV3BOACTBO, YPE3 BHEAPSBAHE HA HOBY TEXHOIOMMW, HOBU COPTOBE,
xv6puam 1 TH. MonoXUTENHO BNMSIHWE NPe3 NOCNEAHNTE FOaUHU
OKasBa 1 NpYKIHYBaLLWMS NMPOLIEC MO pa3faBaHETo Ha 3eMsiTa U
KOMacupaHeTo 1 OTHOBO Ha roriemMmn MapLeny TpaiHo apeHayBaHn
OT 3eMeferncku koonepauuym Unu egHoNMYHn depmMepu.

Pa3vepbT Ha cpegHaTa 3a CTpaHata uanosiaBaHa 3eMeaericka
Mo, OT eQHO CTOMNaHCTBO HapacTHa 3a nepuoga 2003 +2005 ¢
18 %, KaTo HaW-ronsmM PbCT B OKPYMHABAHETO Ha CTOMaHCTBaTa
ce Habnwopgaea npu capyxeHuaTa ¢ 57 %, egHONMYHNUTE
Toproeuy ¢ 39 % n dmandeckmte nyua ¢ 31 % [3]. Mpes 2008
r. HaemarenuTe Ha 3emd (koonepauun 1 apeHgatopu) ca 7470,
KoeTo e ¢ 22% nose4e oT paBHMLETO Ha 2007 r. Cbec gocTbna
[0 (hvHaHCOB PECYPC MHOMO OT FofeMUTE apeHaaTopy 3aKyrvxa
yacTt oT 0bpaboTBaHUTE OT TSAX 3eMu nopaau koeto npe3 2008
CpegHVAT pa3Mep Ha 3emsiTa HaeTa OT e[IMH apeHaaTop e
43,9 ha n B cpaBHeHue ¢ 2007 r. Ton e no-Hucek ¢ 31%.
Mpe3 2009 r. e oT4eTEH cnag Ha NOKynKo-npoaaxbute Ha
3emepgencku 3emu. NpruymHUTE ca OT pas3nuyHO ecTecTBo,
HO HaR-ronaMo Bb34eNCTBIE OKa3Ba onHaHcoBaTa kpuaa [4].
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A reduce in average age of machine-tractor fleet was
observed. While in the first years of transition, renewal
occurred mainly with second hand techniques from
Western Europe, since last 4-5 years a steady trend of
modernization of machine-tractor fleet with new
techniques has been indicated. The number of wheeled
tractors and trailed machines increased. In 2002 the
number of wheeled tractors aged up to 2 years was 2.2%,
in 2007 it was 4.6% and in 2008 - 6.2%. The number of
trailed, mounted and stationary machines up to 2 years
also increased from 2.4% in 2002 to 5.3% in 2007 and in
2008 was 6.6%. The part of the new bought wheeled
tractors of various brands was strongly expressed. For
example, in MTZ tractors that were nearly 17% of all the
tractors in the country, in 2008 aged up to 2 yeas were
14.2%, CASE tractors up to 2 years were 38.7%, JOHN
DEER — 39,5%, NEW HOLAND - 50,5%, etc. There was
a stable trend of restructuring of the park of wheeled
tractors. In trailed, mounted and stationary machines the
pace of innovation was higher than in wheeled tractors.
That tendency was very pronounced in fertilizer and
seeder machines - in 2002 aged up to two years they
were 4.9%, and in 2008 - 13.6%. In machines for plant
protection - 2.3% and 10.9%, in specialized machinery for
vegetables and perennials plants - 3.4% and 17.7%,
respectively [4].

Stability was observed concerning the type of the
crops. Grain cereals occupied the largest relative share -
24.65 %, and oil crops - 16.37%. During last two years
winter oilseed rape was successfully grown, as in 2008
the planting areas were 94 306 ha, i.e. 74.6% more than
in 2007 [4].

The innovation of the machinery mark, restructuring of
agricultural production (size of fields, type of grown crops),
interest of farmers in scientific innovations, etc. required to
look for new methods of projection and effective
management of the available material resources.

As a result of the changes, most of the necessary
database for projection of resource provision was obsolete
(for example, standards for performance and fuel
consumption were for Russian equipment under another
conditions of production, etc.), therefore the used
methodology for resource provision appeared to be
inapplicable to Western machinery.

With the development of information technologies and
the opportunity for electronic access and exchange of
data, the development of software program products,
technology electronic cards, etc. was enabled. A good
example of such cards was developed by [5].

The difficulties in use were mainly in the lack of
sufficient data.

Because of the specific character of the agricultural
production, the mechanical transmission of results from
one region to another could have significant adverse
effects. Taking into account soil and climatic conditions,
predominant crops, equipment, human resources, etc. it
was necessary for the effective technological solution,
researches and experiments for each region and farm to
be conducted.

The difficulties of performing such experiments arose
from the lack and additional expenses for the purchase of
specialized instrumentation of the farmers.

The solution of those problems could be held with new
methods to obtain the necessary database partly based
on experimental studies and partly on simulation.

MATERIALS AND METHOD

To assess the efficiency in cultivation of each crop it
was necessary to choose appropriate technology, support
staff, technical and other resources and their optimal use
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MpomsHa ce Habniogasa U B HamarsiBaHe Ha cpeaHaTta
Bb3PacCT Ha MAaLLMHHO-TPAKTOPHMSA napk. [lokato B MbpBUTe
rOAVHN Ha Npexoaa 0OHOBSBAHETO CTaBaLLE [TIABHO C U3rora3BaHa
TexHuka oT 3anagHa EBpona, To npes3 nocnegHute 4-5 rogyHu
€ Hanuue ycToiuvBa TeHaeHUUs Ha OBHOBMEHWe Ha MaLLWMHHO-
TPaKTOPHMWsI Napk. HapacHa GposT Ha HOBUTE KOMNECHW TPaKTopy
N npuvkayHn mMawmHu. MNpes 2002 r. 6poAT Ha KonecHUTe
TpaKTopw Ha Bb3pacT A0 2 rognHn € 2,2% oT Beudky, npes 2007
r. e 4,6%, a npe3 2008 r. e Beye 6,2%. BpoaT Ha npvka4HUTE,
HaBECHW 1 CTaLMOHaPHN MaLLMHA Ha Bb3pacT A0 ABE roavHu
CbLLO e HapacHan ot 2,4% npe3 2002 r. go 5,3% npe3 2007 r.,
anpe3 2008 r. e 6,6%. Mpy paanuyHUTE MapKu KOMECHN TPaKTopM,
HapacTBaHETO Aena Ha HOBUTE € CUIMHO M3paseHo. Taka
Hanpumep npu TpakTopuTe OT Mapkata MT3, kouTo ca
6nm3o 17% ot o0bwms Gpori Tpaktopu, npe3 2008 r. Ha Bb3pacT
0o aBe roaunHu ca 14,2% oT TaX, TpakTopuTe OT MapkaTa
CASE Ha Bb3pacT o 2 roanHu ca 38,7%, JOHN DEER —
39,5%, NEW HOLAND - 50,5% u gp. Hanvue e yctoiumea
TEHOAEHUWA 33 MPECTPYKTYpUpaHe Ha Mapka KOIecHW TPaKTOpMW.
Mpy Npyka4HMTE, HABECHM 1 CTaUMOHAPHM MaLLUHX TeMna Ha
OBHOBMNEHME € NO-TONsIM B CPaBHEHME C TO3W MPW KOMECHUTE
TpakTopu. Tasn TEHAEHUMUS € MHOro CUIMHO u3paseHa npu
Topoceankute — npe3 2002 r. Ha Bb3pacT 4O ABE rognHu
ca 4,9%, a npe3 2008 r. ca Beye 13,6%. Mpn mawmHMTE 3a
pacTuTenHa 3awmTa Te3n CTOMHOCTU ca CbOTBETHO 2,3%
n 10,9%, npy cneumManuaMpaHnTe MallMHU 3a 3eneH4yum
W TpaviHu HacaxaeHust — cboTBeTHO 3,4% n 17,7% [4].

Harvue e n ycToiMBOCT BbB BUAa Ha OTIMEXOAHUTE KyITypy.
Haili-ronsim oTHocuMTeneH Oan 3aemMart 3bpPHEHO- XUTHUTE
pacteHus — 24,65 % v macnogaviHuTe 16,37 %. MNpes nocnegHute
[OBe roguHW yCreLHo ce OTrMexaa 3uMHaTta MacroganHa
panuua, kato npe3 2008 r. nnowmTe, 3aceTn ¢ Heq ca 94
306 xa, T.e. cbC 74,6% noseye B cpaBHeHue ¢ 2007 r [4].

OGHOBSBAHETO Ha MaLUMHHMA MapK, MPEeCTPYKTypUpaHeTo
Ha 3eMeferickoTo NPou3BoACTBO (pa3vep Ha rorerara, Bug Ha
OTIMeXaaHnTe KyITTypu), MHTepeca Ha bepmepuTe KbM HaydHUTE
HOBOCTU U T.H. Hararar a ce TbPCAT HOBM METOM 3a NMPOEKTUpaHe
1 eheKTVIBHO yNpaBreHVe Ha HarMYHATE MaTepuariHv pecypeu.

BcrneactBue Ha HacTbnuUnUTe NMPOMEHU FofisiMa 4vacTt oT
Heobxoavmata 6asa OT JaHHW 33 MPOEKTUPaHE Ha PECYPCHOTO
ocvInypsiBaHe e ocTapsina (Hanpuvep HopMUTE 3a NMPOV3BOAUTENTHOCT
MU pa3xo Ha ropuMBO Ca 3a pycka TexHuKka npu Apyru
NPOV3BOACTBEHM YCIOBUS M T.H.), MOpaan KOeTo J0 cera
nonseaHata MeToAuKa 3a PEeCcypCHOTO OCUrypsiBaHe ce
OoKa3Ba Henpunoxunma 3a 3anagHarta TEXHMKa.

C pas3BnTMeTO Ha WMHEPOPMALMOHHUTE TEXHOMOTUU ”
Bb3MOXHOCTTA 3a €NeKTPOHEH AOCTbM 1 0OMeH Ha AaHHU
Ccb3gaBaT Bb3MOXHOCT 3a pa3paboTBaHeTo Ha NporpamMHu
NPOAYKTN €NEKTPOHHU TEXHOMOIMYHM KapTu 1 T.H. Jobbp
npuMep 3a TakuBa KapTu ca paspaboTteHu oT [2].

TpygoHOCTUTE MO WU3MOM3BaHETO MM Ca [MaBHO B
nuncaTa Ha JOCTaTbYHO AaHHM.

Mopagn cneundunyHNsa xapaktep Ha 3emeneriCKoTo
NPOM3BOACTBO, MEXAHWYHOTO MPEHACsHE Ha pesynTaTnTe oT
€[IVH paVioH B ApYyr MOXe Ja MMa 3Ha4UTENHN HebnaronpusiTHm
nocneactausi. OTYUNTaNKN NOYBEHO-KMUMATUYHUTE YCIIOBUS,
npeobragasall, BAA OTIMEXOAHW KynTypW, TEXHUKA, YOBELLIKA
pecypc 1 T.H. TO 32 e(PEKTUBHOTO TEXHOMOMMYHO peLleHne
€ HeobXo0aUMO M3BBLPLLBAHETO HA HAYYHU U3CNEABaHUSA U
€KCMNepPMMEHTHU 3a BCEKN eUH PANOH M CTOMAHCTBO.

TpyaoHOCTUTE OT M3BBLPLUBAHETO HA TakvMBa U3creaBaHusi
MPOVSTVHAT OT JUNCaTa W SOMBTHATENHUTE Pasxooy 3a 3aKyryBaHETO
Ha CneLyarvavipaHa VaVIEPBATENTHA anapaTypa OT 3aVIELESICKATE CTOMaHA.

PelueHneTo Ha Te3n npobrnemmn Moxe Aa ce TbpCu C HOBU
[OOCTBLMHM METOAM 3a MoslyYaBaHe Ha Heobxoaumara 6asa oT
[aHHW YacTU4HO 6asnpaHn Ha excriepMMeHTanHN nacneasaHust
M YaCTM4YHO Ha Bb3NPOU3BEXKOAHE.

METOAONOrnA

3a 0a npeueHnm e(beKTMBHOC'IT a Npu OTMeXOaHeTO Ha BCAKa
KyrTTypa & HeoGXOmMMO 13b0pa HA MOIXOALLA TEXHOONAS, OOCTTyHEaLL
nepcoHan, TexHn4eCckn n Opyrn pecypcum mn ontmumarnHoTto
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for the needs of the manufacturing process.

The object of our study was a large farm located in the
Komoshtitsa village, Yakimovo municipality, Montana
region. The total arable land of the farm was 3048 ha
distributed in crop rotation mainly - wheat, barley,
sunflower, maize for grain and silage, oilseed rape and
alfalfa. The farm had an extensive machine park
consisting of 7 tractors YUMZ-6L, 6 tractors MTZ-80, 3
tractors K-701; 5 grain harvesters Don-1500B, 1 silage
harvester Don 680M, 1 mower machine E-302, 2- IFA-
W50 and 2- ZIL-130.

To determine the necessary means for plant-growing
producing prototype of help spreadsheet was used (author
Ch. Vezirov), which will be described in detail in another
publication. Basically it is a heuristic method with a
reasonable reduction of the peak demand for technical,
executive, energy and other resources.

The information was grouped in technology (typical
technology cards obtained from scientific Institutes and
developed technologies in the farm) and technical
(information about the type of the used resources).
According to the character of the influence on those
groups data was divided into input (reference), intermediate -
“initial decision" (to facilitate making final decisions), end -
"final decision" (giving the substance of the decision).

In the Input data was introduced information that will
be used to calculate the initial and final decisions. In each
column, the type of agricultural work was recorded, type of
crop, amount of work, agro technical terms, the number of
working days, also and the type of technical means that
would be handled with their performance and fuel
consumption, etc.

Initial decision gave us interstice idea of the made
calculations as the number of required aggregates,
duration of a shift, etc., on the base of that decision
interstice graphics supporting the final decision were built
up.

In the final decision the final results were calculated
after improving the initial decision (recommended number
of necessary resources, number of working days, hours,
etc.) the final graphics were built up and the respective
conclusions were made.

The methodology for determination of the resulting solutions
will be described in details in subsequent publications.

RESULTS

The visualisation of initial and final decisions for the
necessary technical resources by time were shown, via
some graphics for silage harvester Don-680M, tractors
MTZ-80, grain harvesters Don-1500B, tractors K-701 on
Fig. 1, Fig. 2, Fig. 3 and Fig. 4.

From the obtained relations it was obvious that for
certain days of the year for the respective technological
operation there was peak workload of machinery. For
reporting of the possible and achieved reduction of peak
necessity of machineries it was reasonable intermediate
graphics to be created. Those graphics gave us an idea
about the duration of peak demand for techniques and
type of technology operation where there was such need.

Optimizing of the number of technical means resulting
from the initial solution was obtained in several ways. One
of those ways was the duration of agricultural work to be
increased if agro technical terms permitted. As it was
known, some technology operations allowed work on
more than one shift without compromising the quality of
cultivated product. A possible solution was temporary
inclusion of vacancy techniques and support staff in
technology operations where there were shortages of
people and equipment (for example tractors of different
brands with the same technical parameters). We must not
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UM M3MOM3BaHe 3a HYXXAUTe Ha NPOU3BOACTBEHUSI NPOLIEC.
OGeKT Ha HaleTo nscrnegBaHe e ronaMo 3emMenencko
CTOMaHCTBO HaMMpaLLo ce B cerno Komolumua, obLmHa AkMoBo,
obract MoHTaHa. ObLata obpaboTBaema VoL Ha CTOMaHCTBOTO
e 3048 ha pasnpegenenn B centboobpalleHne OCHOBHO C
MLieHnLa, evYemmK, CITbHYOMes, LapeBmLa 3a 3bpHO U curnax,
panvua 1 nouepHa. CTonaHCTBOTO pasrnonara ¢ 6orat MalUMHeH
napk cbCTosiLL, ce OoT 7 6pos TpakTopy KOM3-6J1; 6 6pos TpakTopn
MT3-80; 3 6pos TpakTopu K-701; 5 6posi kombariHn [oH-
15006; 1 ©6por cunaxokombanH [oH-680M; 1 Gpon
kocauka E-302; 2 6poss UDA-W50; 2 6post 3U1-130.

3a onpegersHe Ha HeoOXoOVIMTE CPEACTBA 3a PaCTEHVEBHOHOTO
NPOU3BOACTBO Oe 13Norn3saH NPOTOTUN Ha MOMOLLHA eNEKTPOHHa
Tabnuua (asTop Y. Beanpos), kosTo Le 6bae onvcaHa nogpo6HO
B Apyra nybnukaums. B ocHoBata v € eBpucTu4eH Metop ¢
pasyMHO HaMassiBaHe Ha BbpxoBaTa MOTPEGHOCT OT TEXHUYECKN,
USITLITHATESICKW, EHEPTETUHHM 1 APy PECYPCY.

WHdopmaumsTa e rpynMpaHa Ha TeXHomornyHa (Tvrnosu
TEXHOMOMMYHM KapTU MOMYYEHU OT HAYYHW WMHCTUTYTU U
pa3paboTeHn TEXHOMOMMN B CTOMAHCTBOTO) U TEXHUYECKA
(MHdopMaLms 3a BUuaa Ha m3nonasaHuTe pecypcu). Cnopen
XapakTepa Ha Bb3[elCTBMETO BbpXy Te3W rpynu faHHUTe
Ca pasgeneHn Ha BXOOHW (3afaHue), MEXOUHHU -,HayarHo
pelleHne” (ynecHsiBalLy B3eMaHeTO Ha KpanHu peLleHuns),
KpaWH¥ - KpalHO peLlieHne” (JaBalLy ChLLHOCTTA Ha PELLEHVETO).

BbB BxogHWUTe AaHHU € BbBeaeHa MHGopMaLmst KOATO
LLie ce M3rorn3Ba Npu NpecMsaTaHe Ha HavanHUTE N KpanHUTe
pelwleHusi. BbB Bcska eHa KofioHa ce 3anucBaT BuAa Ha
cerckocTonaHckata paboTa, Baa Ha KyrnTypuTe, KOnM4ecTBOTO
paboTa, arpoTexHMyeckus cpok, 6pos Ha paboTHUTE OHMW,
KaKTO U BMAA Ha TEXHUYECKUTE CPeaCTBa C KOUTO ce paboTu ¢
TEXHWUTE NPOU3BOAUTENHOCTMN U Pa3xon Ha ropuBo U T.H.

HavyanHoTo pelwleHue HU faBa MexauHa npeacTasa
OT HanpaBeHUTe U34MCrEeHNs, kaTo Bpol Ha HeobxoaumuTe
arperaTtu, NPOABLIKUTENHOCT HA CMsHA M T.H Ha GasaTa
Ha KoeTo ce nocTposiBaT  MeXAWHU  rpadpuyHm
3aBMCUMMOCTM NoAnomMaraliy KpanHoTO peLleHmre.

B KpalHOTO peLueHue ce M34MCNABAT KpalHUTe pesyrntatu
cnep nogobpsiBaHe Ha HA4YanHOTO pelleHue (NpenopbyaH
Opon Ha Heobxoaumwute pecypcu, bpon gHwM 3a paborta,
YacoBe U T.H.), MOCTPOSABAT KpawHMTE rpadivyHn 3aBUCMMOCTH
Ha 6a3aTa Ha KOWUTO Ce NPaBsiT CbOTBETHUTE NU3BOAMN.

MeToamkaTta no onpeaensiHe Ha NofnyyYeHuTe peLleHus
we 6bae nogpobHO onvcaHa B cneagaluy nybnukaumu.

PE3YINTATU

OHarnegsaBaHeTo Ha HavanHuTe 1 KpanHuTe peLUeHns
33 HeobXxoauMUTE TEXHUYECKN PECYPCY MO BpeME Ca MoKasaHu,
ype3 Hsikou rpadovyHMTE 3aBUCUMOCTY 3a CUMaXoKombanHu
[oH-680M, Tpaktopn MT3-80, kombarH [oH-1500 B wu
TpakTopu K-701 Ha cowur.1, cour.2, cur.3, cur. 4.

OT nonyyeHnTe 3aBMCMMOCTM Ce BIDKAA, Ye 3a onpeaerneHn
OHWM OT roavHaTa 3a CbOTBETHaTa TEeXHOMorM4Ha onepauys
MMame BbpXOBa 3aeTOCT Ha TexHuKa. 3a OTYMTaHeTo Ha
Bb3MOXHOTO M MOCTUMHATO HaMareHvie Ha BbpxoBara noTpeGHOCT
OT MalUMHWTE € pa3yMHO [a Ce CTPOST MEXAMHHU rpadouup.
Tean rpacomum HX faBaT NpeacTaBa 3a NPOAbIKUTENHOCTTa Ha
BbpxoBa MNOTPEOHOCT OT TexHWKa M BuAA TEXHOMOrM4Ha
onepauus Npu KOSiTO MMa TakaBa 3aeToCT.

OnTuMmnsmnpaHeTo Ha Bpos Ha TEXHUYECKUTE CpeacTBa
MONyYeHU NPY HAYarnHOTO PeLLEeHME Ce NOCTUra No HSAKOIKO
HauwHa. EQviH OT Teav HawHM e Ja ce yBEnvHm MPOORITKUTENTHOCTTA
Ha paboTa ako arpoTexHMYECKUs CPOK No3eonsaea Toea. Kakto e
M3BECTHO HSIKOW TEXHOIMOMMYHI OrepaLivm Nno3eonsear paboTa Ha
noeeye OT efHa CMsiHa 6e3 [a ce BrowaBa Ka4ecTBOTO Ha
obpaboTBaemusi NpogykT. Bb3aMOXHO pelleHve e BpeMeHHO
BKIMIOYBAHE HA HE3aeTn TexHWKka M obcnyxeall nepcoHan B
TEXHOMOMYHM Orfepaumn KbAeTO MMa HedoCTUr Ha Xxopa U
TEXHUKa (Hanpyvmep TPaKTopW OT PasnnYHM Mapkvi C €4HW U
CblUM TexHuyecku napameTpn). He TpsibBa pa ce 3abpaes n
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forget the possibility for rent equipment from other farms if
sufficient financial resources were available and timely
execution of technological operations was necessary.
Obtained dependences showed that there was possibility
the number of technical means to be reduced by one to
two units in the final decision. This optimization allowed
the available technical resources for the entire crop
rotation of the grown crops to be used utmost.

Similar relations were obtained also for the other
technical means available in the farm.

Initial and final decisi IH

INMATEH - icultural

Bb3MOXHOCTTa 32 HaeMaHe Ha TEXHUKA OT APy CTONaHCTBa Mnpu
pasronaraHe ¢ JoCTaTbYHO (hMHAHCOB PeCYpPC U HeoBXoayMOocTTa
OT CPOYHO M3MbIHEHNE HA TEXHOMNOrMYHUTE onepauun. OT
MOMyYeHUTE 3aBUCUMOCTW Ce BWXOA, Y& MMa Bb3MOXHOCT
BpOoAT Ha TEXHNYECKUTE CPEACTBa Ja Ce HamMarm C egHa o ABe
€AVHULM NPU KPaviHOTO peLLieHre. Tasn ontummsaLms no3sorsiea
Aa ce 13nons3eart MakCMalriHO Halnn4HuTe TexHU4eCkn pecypcu
3a LAnoTo cemtboobpallieHre 3a OTrmexaaHnTe KynTypu.
Mopo6bHn 3aBMCUMOCTM Ce Mmony4YaT U 3a ocTaHanuTe
TEXHWYECKV CPeACcTBa C KOMTO pasrnorara CTONaHCTBOTO.

=
©

==
~ O

=
N

=

@ Initial / HavanHo
B Final / KpaiiHo

Ha 3aeTuTe cunaxokombaitHu [JoH- 680 M

o o o 9o
N R O ©

Number of engaged silage harvester Don- 680M / Bpou

o

1 24 47 70 93 116 139 162 185 208 231 254 277 300 323 346
Days of the year/[jum ot roguHaTa
Fig. 1 - Initial and final decisions for the number of engaged silage harvester Don- 680M by days of the year /
HayvanHo u kpaliHo peweHue 3a bposi Ha 3aemume cunaxokombautHu [JoH- 680 M no dHu om 2oduHama

Initial and final decisions / HauanHo u kpaiiHo pelueHue

Number of engaged tractors MTZ- 80/
Bpoit Ha 3aeTuTe TpakTopu MT3-80
P N WA OO N ®

0_

O Initial / HavyanHo
B Final / KpaiiHo

1 23 45 67 89 111 133 155 177 199 221 243 265 287 309 331 353
Days of the year / 11 oT roguHaTta
Fig. 2 - Initial and final decisions for the number of engaged tractors MTZ- 80 by days of the year /
HauvanHo u kpaliHo peweHue 3a bposi Ha 3aemume mpakmopu MT3- 80 no dHu om 2oduHama

Initial and final decision / HayanHo u kpaiHo peLieHne

25

20

15

O Initial / Havan+o

1.0

komb6aiHu [loH -1500 B

0.5

@ Final / KpainHo

Number of engaged grain harvesters
Don -1500 B / Bpo# Ha 3aeTuTe

0.0

1 23 45 67 89 111 133 155 177 199 221 243 265 287 309 331 353
Days of the year / 1Hu oT roauHaTta
Fig. 3 - Initial and final decision for the number of engaged grain harvesters Don- 1500 B by days of the year /
HayvanHo u KpaliHo peweHue 3a bposi Ha 3aemume kombaliHu [JoH -1500 b no dHu om 2o0uHama
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Initial and final decision / HayanHo u kpailHo pelueHue

35

3.0

25

2.0

15

1.0

0.5

Number of engaged tractors K-701 / Bpon Ha
3aeTute TpakTopu K-701

0.0 -

@ Initial / HavanHo
B Final / KpawHo

1 24 47 70 93 116 139 162 185 208 231 254 277 300 323 346
Days of the year / [lHu oT roguHaTta
Fig. 4 - Initial and final decision for the number of engaged tractors K-701 by days of the year /
HayvanHo u kpaliHo peweHue 3a 6posi Ha 3aemume mpakmopu K-701 no 0HuU om eoduHama

The information given by the graphic on Fig.5 was in
work with energetic means only concerning diesel fuel.
Calculations were made about the consumption of diesel
fuel per a day. Data referred to days of the year,
corresponding to the beginning and end of work for the
entire period from the first to the last day of the year. The
necessity of drawing of those graphic relations was
connected with the possibility to determine the number
and capacity of stationary tanks, the transportation
means of the fuel and the frequency of the deliveries.
When using other fuels and energy sources a column for
their identification must be inserted. It will make possible
to draw schedules about other necessary resources by
time: different types of fertilizers, chemicals, water,
seeds, seedlings, etc.

lMocTpoeHaTta rpacmyHa 3aBUCMMOCT Ha ¢ur.5. gasa
nHpopmauus npu paboTa ¢ eHepreTUyHN cpeacTBa camo C
OV3enoBo ropuBo. HanpaseHu ca msqvicrnieHns 3a notpebHocTTa
OT AM3enoBo ropueo, 3a eauH paboTteH aeH. JaHHute ce
OTHACAT MO AHWU OT rogMHaTa CbOTBETCTBALLM HA Hayano
1 Kpal Ha paboTa 3a uenus neprog OT MbPBYSI 40 NOCNeaHWs!
JeH oT rogyHata. HeobxoommocTTa OT NOCTpOsiBaHETO Ha TakvBa
3aBUCUMOCTU MPOM3X0OXAA OT Bb3MOXHOCTTa 3a OrpedernsiHe
Ha Bpost U BMECTUMOCTUTE Ha CTALWIOHAPHTE LIMCTEPHY, CPEACTBaTa
33 TPaHCMOPTUPAHETO Ha rOPMBOTO M NEPUMOOUYHOCTTA Ha
JocraskuTe. [Npy 13ronasaHe Ha Apyv ropyBa Y EHEPIOHOCUTENM,
TpsibBa fa ce BbBeae KOIOoHKa 3a MAEHTUMULMPaAHETO UM.
C TOBa WE MOXe Aa ce CTpoAT rpaduumn 1 3a apyru
HeobxoaMMn pecypcu Mo Bpeme: pasfnuyHu BuOoOBE
TOpOBe, Npenapartu, BoAa, CEMeHa, pascaj 1 T.H.

Daily quantity of fuel in the farm/ IHeBHO kKONU4YeCcTBO ropMBO B CTONAHCTBOTO

1400

1200

1000

800

600

Fuel / TopuBo, kg

400

200

0,

1 17 33 49 65 81 97 113129 145 161 177 193 209 225 241 257 273 289 305 321 337 353

Days / Oun

Fig. 5 - Daily quantity of fuel in the farm / Heo6xo0umomo OHe8HO Konu4Yecmaeo 20puso 8 CMonaHcCMeomo
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CONCLUSIONS

The use of electronic technology card allows
technological solution to be created for various crops,
cultivated in the farm, intermediate and final control of
digital data (duration of work, number of shifts for 24 h,
engagement of technical means and supporting stuff) use
of constant and variable data, easy accessibility and
applicability to a wide range of users.
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n3sogu
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Abstract: The article presents the part four of the study of
pile displacement on the straw walker of conventional
grain combine harvesters, in order to determine the
structural and functional characteristics of the straw
walker, to increase its working capacity. The material
presented in the article represents the study of functions
tsan(k,a,6,f) and S(k,a,6,f,), duration and size of
displacement of a pile jump on the shaking element at a
complete rotation of it.

Keywords: harvesting combine, pile displacement, straw
walkers

INTRODUCTION

In the first three parts of the study [1], [2], [3] has been
presented the virtual trajectory of a material particle located in
the separation zone of a shaking element provided with
sieves with thresholds, driven by the cascade, by the active
side of the jagged edge of the trough and by the active side of
the thresholds of sieves, all making the angle & with the
vertical of separation sieve, were analyzed function
diagrams wht(k,a,f,6), wtx(ka,0), H(ka,d), wt(ka,fd) and
were presented the conclusions on the straw walker
construction. Further will be present the definition and study of
functions tsat(k,a,f,0) and S(k,a,5,f,), displacement duration
and size of a jump of pile on the shaking element, at a
complete rotation of it [4], [5], [6], [7]-

MATERIAL AND METHOD
The assumption is that the intensity of separation of

seeds from the pile placed on a two axes straw walker is
directly proportional to the duration of all pile jumps on the
shaking element.

The value of the duration of a pile jump on the
shaking element at a complete rotation of it is given by
the relation 1:

_ wt, -wt,
=22
salt

where:
tsat is the duration of a pile jump on the shaking
element at a full rotation of it;
wt; — angle at which starts the jump of pile on the
shaking element;
wt; — crankshaft angle at which occurs the pile return
on the shaking element after jump;
w —angular velocity of the shaking element;
r — disposal radius of crankpins of the crankshaft of
straw walker;
k — kinematic regime of the straw walker k=w’r / g;
g —gravitational acceleration.
Using the expressions of functions wt; and wt; , result
the relation 2:

= (wt, -wt,)
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Rezumat: Articolul prezintd partea a patra a studiului
deplasarii vrafului pe scuturétorul combinelor conventionale
de recoltat cerele, in vederea determinarii caracteristicilor
constructive gi functionale ale scuturatorului, pentru
cresterea capacitdtii de lucru a acestuia. Materialul
prezentat in articol reprezinta studiul functiilor tsax(k,a,0,f)
si S(k,a,0,f), durata si marimea deplasarii unui salt al
vrafului pe elementul de scuturare la o rotatie completd a
acestuia.
Cuvinte cheie: combina de
deplasarea vrafului

recoltat, scuturétor,

INTRODUCERE

in primele trei parti ale studiului [1], [2], [3] a fost
prezentata traiectoria virtuala a unei particule de material
aflata in zona de separare a unui element de scuturare
prevazut cu site cu praguri, antrenata de cascada, de
partea activd a marginii zimtate a jgheabului si de partea
activd a pragurilor sitelor, toate facand unghiul & cu
verticala planului sitei de separare, s-au analizat diagramele
functiilor wti(k,a,f,6), wt(k,a,5), H(ka,0), wis(k,a,f,0) si s-au
prezentat concluzile privind constructia scuturatorului. Tn
continuare se va prezenta definirea si studiul functiilor
tsait(k,a,1,0) si S(k,a,0,f,), durata si marimea deplasarii unui
salt al vrafului pe elementul de scuturare la o rotatie
completa a acestuia [4], [5], [6], [7]-

MATERIAL S| METODA

Se face ipoteza ca intensitatea separarii semintelor din
vraful aflat pe un scuturator cu cai pe doua axe este direct
proportionald cu durata tuturor salturilor vrafului pe
elementul de scuturare.

Valoarea duratei unui salt al vrafului pe elementul de
scuturare la o rotatie completa a acestuia este data de
relatia 1:

L
kg

unde:
tsat  €ste durata unui salt al vrafului pe elementul de
scuturare la o rotatie completa a acestuia;
wt — unghiul la care incepe saltul vrafului pe
elementul de scuturare;
wt; — unghiul arborelui cotit la care se produce
revenirea vrafului pe elementul de scuturare dupa salt;
w — viteza unghiulara a elementului de scuturare;
r — raza de dispunere a manetoanelor arborelui cotit al
scuturatorului;
k — regimul cinematic al scuturatorului k=w’r / g;
g —acceleratia gravitationala.
Folosind expresiile functilor wt si wt; , rezulta
relatia 2:

@
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. -
L (WK, 0,8, )= M\/ch +2ccos(wt, +3) + \/sm(Bza)
cosa cos’a

Where a is the angle of separation sieve in relation to the
horizontal;

B — angle of the material particle speed in relation to
the horizontal at the begining of jump;

0 — cascade angle, of active side of jagged edges
and thresholds sieve relative to the vertical of
separation sive;

¢ — coefficient of pile displacement speed;

f — friction coefficient.

In Figure 1 are represented the diagrams of partial
functions of the function tsar(wts, k,a,d,f), for r=0.075 m.

WA T T
021 2 —
/ / g k=35
0.19 //
i
0.17 ,/ \ k=2.9
0.16 A ™.
P N k=2.4
0.14 //
012 \ k=1.8
0.1

kcosa

2(sinwt, - sinwt
[ch+ZCCOS(th+5)]+cwsé(wt2_wtl)_<smwssmwz)} f
9

kcosa

@

unde a este unghiul sitei de separare in raport cu
orizontala;

B — unghiul vitezei particulei de material in raport cu

orizontala la Tnceputul saltului;

6 — unghiul cascadei, partii active a marginilor zimtate
si pragurilor sitei in raport cu vericala sitei de
separare;

¢ — coeficient al vitezei deplasarii vrafului;

f — coeficient de frecare.

In figura 1 sunt reprezentate diagramele functiilor
partiale ale functiei tsar(wts, k,a,6,f), pentru r = 0,075 m.

5 5.3

5.7 @ 6 2n

Fig. 1 - Diagrams of function tsar(wts,k), for a=20°, =0° and f= 0.4 /
Diagramele functiei tsa(wts, k), pentru a=20°, 6=0° i f = 0,4

0.21 30°
sec. \
0.20 / \ =30’
AL / @
0.19 / \ a=20" 5
y Va=10° =
0. 10 /
0.17 ;
3n2 5 53 57 6 2m 10

3ni2

5 5.3

5.7 @ 6 2n

Fig. 2 - Diagrams of function tsar(wts,a), fork =3.2, 5 =0°and f = 0.4 /
Diagramele functiei tsar(wtz,a), pentru k = 3,2, 6=0°gi f= 0,4
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3m2 5 53 5.7 @ 6 2m

Fig. 3 - Diagrams of function tsa(wts,d), for k=3.2, a =20° and f = 0.4 / Diagramele functiei tsar(wtz,6), pentru k=3,2, a =20°si f= 0,4
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Fig. 4 - Diagrams of function tsa(wts,f), for k = 3.2, a = 20° and & = 0°/ Diagramele funcfiei tsax(wts,f), pentru k = 3,2, a = 20%i 6 = 0°
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Fig. 5 - Diagrams of function tsax(k,a), for wtz = 5.7, & = 0° and f = 0.4 / Diagramele functiei tsaw(k,a), pentru wt; = 5,7, 6 = 0°sif= 0,4
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Fig. 6 - Diagrams of function tsa(k,8), for wts = 5.7, a = 20" and f = 0.4 / Diagramele functiei tza(k,8), pentru wts= 5,7, a = 20°si f= 0,4
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Fig. 7 - Diagrams of function tsa(k,f), for wtz = 5.7, & = 0° and a = 20° / Diagramele functiei tsar(k.f), pentru wts = 5,7, 6 = 0°si a = 20°
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Fig. 8 - Diagrams of function tsax(a,f), for wtz = 5.7, k = 3.2 and & = 0° / Diagramele functiei tsax(a,f), pentru wt; = 5,7, k=3,2si6=0°
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Fig. 9 - Diagrams of function tump(d,f), for wts = 5.7, k = 3.2 and a = 20° / Diagramele functiei tsax(d,f), pentru wtz = 5,7, k = 3,2 si a = 20°
Diagrams of partial functions of the function tump(wts,K,a,0,f) | Diagramele functiilor partiale ale functiei tsar(wts,k,a,9,f)

0,986

For the calculation on the pile displacement S on the Pentru calculul deplasarii S a vrafului pe zona de
separation zone of the shaking element at a full rotation of separare a elementului de scuturare la o rotatie a axului
the straw walker shaft is used the relationship: scuturatorului se foloseste relatia:

S(wt,,k,a,8,f) = corsq {(wt3 - wt, )\/1 +¢? +2ccos (wt, +8)cosP +cos (wt, - a)-cos(wt, -a)- %(uut2 -wt, )sin(a+ 6)} S)
where: S is the size of pile jump on the separation zone of the unde: S este marimea saltului vrafului pe zona de separare a
shaking element at a full rotation of the straw walker axie; elementului de scuturare la o rotatie a axului scuturatorului;
wt; detachment angle of pile from sieve; wt; unghiul de desprindere a vrafului de sita;

Diagrams of partial functions S(k,a,0,f), for r = 0.075 m Diagramele functiilor partiale S(k,a,6,f), pentru r =

and wtz=5.7, are presented in Figure 2. 0,075 m si wtz=5.7, sunt prezentate in figura 2.
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Fig. 10 - Diagrams of function S(k,a), for & = 0° and f = 0.4 / Diagramele functiei S(k,a), pentru 6 =0°sif=0,4
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Fig. 11 - Diagrams of function S(k,8), for a = 20° and f = 0.4 / Diagramele functiei S(k,5), pentru a =20°gi f= 0,4
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Fig. 12 - Diagrams of function S(k,f), for a = 20° and 6=10° / Diagramele functiei S(k,f), pentru a =20°si = 10°
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Fig. 13 - Diagrams of function S(a,f), for k=3.2 and & = 10° / Diagramele functiei S(a,f), pentru k=32gsi 6 =10°
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Fig. 14 - Diagrams of function S(8,f), for k=3.2 and a = 20° / Diagramele functiei S(,f), pentru k= 3,2 si a = 20°
Diagrams of partial functions S(k,a,5,1), for r = 0.075 m and wts=5.7 / Diagramele functiilor partiale S(k,a,5,1), pentru r= 0,075 m gi wts=5,7
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RESULTS

From the analysis of partial functions follows that the
function tymp(wts, k,a,0,f) is:

- increasing according to the kinematic regime k;

- increasing according to the angle a of sieves
relative to the horizontal;

- increasing according to the angle & of cascades,
active side of jagged edge of the trough and
active side of thresholds of separation sieves
related to the vertical of sieves plane;

- decreasing depending on the
coefficient f;

- the function has a maximum point for wt;=5.7,
compared with all the other variables.

friction

CONCLUSIONS

From the analyses of functions diagrams presented
in this article follows that for increasing the separation
process intensity of seeds in the pile the following rules
must be respected in the construction of straw walkers on
two axes:

o constructive solutions should lead to the
reduction of the friction coefficient of pile on the
straw walker, this having the greatest influence
on the separation process of seeds;

o for 6=0° and a friction coefficient of f=0.4
(coefficient usually taken into account), the
kinematic regime of the straw walker must be
greater than k=3.2 and sieves separation angle
related to the horizontal must be greater than
a=245

o for 6=10° and a friction coefficient f=0.4, the
kinematic regime of the straw walker must be
greater than k=3.2, and the sieves separation
angle related to the horizontal must be greater
than a=20°.
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REZULTATE

Din analiza functiilor partiale
tsar(wts, k,a,0,f) este:

- crescatoare in functie de regimul cinematic k;

- crescatoare in functie de unghiul a al sitelor Tn
raport cu orizontala;

- crescatoare 1n functie de unghiul & al
cascadelor, partii active a marginii zimtate a
jgheabului si partii active a pragurilor sitelor de
separare n raport cu verticala planului sitelor;

- descrescatoare in functie de coeficientul de
frecare f;

- functia are un punct de maxim pentru wt;=5,7, In
raport cu toate celelalte variabile.

rezultd ca functia

CONCLUZII

Din analizele diagramelor functiilor prezentate in
acest articol rezultd ca pentru cresterea intensitatii
procesului de separare a semintelor din vraf trebuie sa fie
respectate urmatoarele reguli in constuctia
scuturatoarelor cu cai pe doua axe:

o  solutile constructive trebuie sa conduca la
micsorarea coeficientului de frecare a vrafului pe
scuturdtor, acesta avand influenta cea mai mare
asupra procesului de separare a semintelor;

o pentru 6=0° si un coeficient de frecare f=0,4
(coeficient luat in calcul in mod obignuit),
regimul cinematic al scuturatorului trebuie sa fie
mai mare de k=3,2, iar unghiul sitelor de
separare Tn raport cu orizontala trebuie sa fie
mai mare de a = 24 ¢

o pentru 6=70° si un coeficient de frecare f=0,4,
regimul cinematic al scuturatorului trebuie sa fie
mai mare de k=3,2, iar unghiul sitelor de
separare in raport cu orizontala trebuie sa fie
mai mare de a=20°.
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RESEARCH REGARDING THE USE OF LASER SENSORS FOR VARIOUS SPEED
MONITORISATION IN REAL TIME

/

CERCETARI PRIVIND UTILIZAREA SENZORILOR LASER PENTRU MONITORIZAREA N
TIMP REAL A TURATIEI UNUI VARIATOR

Ph.D. Stud. Eng. Simu I. G.
Technical University of Cluj-Napoca / Romania
E-mail: simu_ioan@yahoo.com

Abstract: In this paper are are presented the research
carried out to identify new techniques for improving the
efficiency of harvesting process using real time monitoring
devices. It is propounding the development of a new
method for measuring the speed of a continuous variable
transmission. For determinate the efficiency of the
technique, in the Farming Machines laboratory of the
Technical University of Cluj-Napoca it was designed and
practic realised an experimental stand on which were
made real time speed measurements for a variable
transmission using programmable laser sensors. The tests
carried out demonstrate the use possibility of this
technique for the cereal harvesting machines.

Keywords: laser, monitorisation, real time, speed ratio

1. INTRODUCTION

A Continuously Variable Transmission (CVT) is a
transmission on which the speed ratio of a two connecting
shafts, mechanical transmission of an input and output
shafts, it may vary continuosly providing an infinite number
of effective gear ratios.

This transmissions are appreciate for their functional
quality, using efficiently all the power of an engine. The
CVT allow the transition from a gear ratio to another very
easy, almost indistinguishable, allowing at the same time a
constant engine revolution and without loosing torque.

A modality for realise a CVT it consists in transmission
pulley with variable diameter; two pulleys orientated une to
each orher and a “V” belt running between them. Distance
from the center that the belt contact cones of the pulley is
determinate by the distance between the pulleys. Due to
the V-shape cross section of the belt, this causes the belt
to ride higher on one pulley and lower on the other. Doing
this changes the effective diameters of the pulleys, which
in turn change the overall gear ratio. Usually are used “V”
belts, but also special chaines (Fig. 1).

Rezumat: In lucrare se prezintd cercetdrile efectuate
pentru identificarea de noi tehnici pentru cregterea eficientei
procesului de recoltare utilizand dispozitive de monitorizare Tn
timp real. Se propune dezvoltarea unei metode de masurare
continud a turafiei unui variator. Pentru determinarea
eficientei acestei tehnici, in laboratorul de Magini Agricole
al Universitétii Tehnice din Cluj-Napoca s-a proiectat gi
realizat practic un stand experimental pe care s-au
efectuat mésuratori de turatie in tip real pentru un variator
folosind senzori programabili de tip laser. In urma
incercdrilor efectuate s-au obtinut rezultate care
demonstreaza posibilitatea utilizérii acestei tehnici de
madsurare, la combinele de recoltat cereale paioase.

Cuvinte cheie: laser, monitorizare, timp real, turatie

1. INTRODUCERE

Transmisiile Variabile Continue (CVT-Continuous
Variable Transmission) sunt transmisii la care raportul
vitezei de rotire a doi arbori - arborele de intrare si cel de
iesire a unei transmisii mecanice, poate fi variat continuu,
oferind un numar infinit de rapoarte de transmisie.

Aceste transmisii sunt apreciate datorita calitatii lor in
functionare, folosind eficient toata puterea unui motor. Ele
fac trecerea de la un raport de transmisie la altul usor, aproape
nesesizabil, permitand in acelasi timp ca turatia motorului
sa ramana constanta si eliminand pierderile de moment.

O modalitate de realizare a C.V.T. o constituie
rotile de transmisie cu diametru variabil; doua conuri
orientate unul catre celalalt si o curea in forma de “V”
intre ele. Distanta fatd de centrul in care cureaua
contacteazd conurile este determinatd de distanta
dintre ele: cu cat sunt mai departate cu atat cureaua
incaleca mai jos pe o raza mai mica; cu cat sunt mai
apropiate cu atat cureaua incaleca pe o raza mai mare.
De obicei se folosesc curele trapezoidale sau chiar
lanturi speciale (Fig. 1).

a)

Fig. 1- Types of CVT / Tipuri de variatoare
a) with belt / cu curea, b) with chain / cu lant

Harvesters with mechanical transmission are made up
of variable transmissions. Speed variator enable both the
combine forward speed and components mecanisms
speed ratio to be modify independent and continuous from
the engine speed. Thus, the speed of the threshing
machine, a reel and fan can be adjusted independently,
depending on the work conditions.

51

Combinele de recoltat cu transmisie mecanica au in
componenta transmisii variabile. Variatorul de turatie
permite ca atét viteza de inaintere a combinei, cat si turatia
mecanismelor componente sa se poata modifica independent,
continuu, fatd de turatia motorului. Astfel, turatia
aparatului de treier, a rabatorului si a ventilatorului poate fi
modificata independent, functie de regimul de lucru.
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2. VARIABLE SPEED RATIO MONITORING PRINCIPLE

The benefits of real time monitorisation consists in
adjustments made in accordance with crop requirements
in terms of both quality and economycal reasons.

In order to assure the harvesting process monitoring,
electronic devices are used to measure the characteristic
parameters. Typically, the monitoring operation is based
on the steps outlined in the diagram in figure 2:

INMATEH - icultural

2. PRINCIPIUL MONITORIZARII TURATIEI TRANSMISIEI
VARIABILE
Beneficiile monitorizarii in timp real constau in reglaje

realizate in concordantd cu cerintele recoltei atat din
punct de vedere calitativ cat si economic.

in scopul de a asigura monitorizarea procesului de recoltare
sunt folosite dispozitive electronice pentru masurarea
parametrilor caracteristici. De obicei, operatia de monitorizare
se bazeaza pe pasii prezentati in diagrama din figura 2:

Input parameters
(sensor signal)

Parametrii de intrare
(sermnal senzor

ﬁ

Data acquisition
{serial interface)

Achizitie de date
{intetfata aerial)

Output parameters
{data visualization)
Lakb/igw
Parametrii de iesire
fwizlaliz are date)
Lapliaw

ﬁ

Fig. 2-Real time monitoring diagram / Diagrama monitoriz&rii in timp real

Based on the analysis of a continuous variable belt
transmission, a first observation that can be done is that
the variable speed ratio depends on the belt work
diameter, according to the relation:

where: N, -main shaft speed ratio
d, -main shaft pulley diameter
n; -variable speed ratio

d; -work diameter of the belt

The belt movement on different diameters can be "read"
as a variable distance from a fixed point. Thus the
instantaneous diameter will be:

d.

where: h; represents the relative distance 1 of the

belt to reference O.

The assumption is feasible, given that between the
effective work diameter and transmited speed ratio is a
correlation that respects the linear regression.

In this way, it it can be continuosly measure and in real
time the working diameter of the belt, the retio speed
measurement problem is solved.

|=hmax_

h;

Pornind de la analiza transmisiei variabile continue cu
curele, o prima observatie care se poate face este aceea
ca turatia variatorului depinde de diametrul de lucru al
curelei, conform relatiei:

@)

unde: N, - turatia arborelui de antrenare
d, -diametrul rotii de curea a arborelui de antrenare
N, -turatia variatorului

d; -diametrul de lucru al curelei.

Deplasarea curelei pe diferite diametre de lucru poate
fi ,cititd” ca o variabila de distanta fatda de un punct fix.
Astfel diametrul instantaneu de lucru va fi:

)
unde: h; reprezinta distanta relativa i a curelei fata

de referinta O.

Presupunerea este fezabild, avand in vedere ca intre
diametrul de lucru efectiv si turatia transmisa existda o
corelatie care respecta regresia liniara.

n acest fel, daca se poate masura continuu si in timp
real diametrul de lucru al curelei, problema masurarii
turatiei variatorului este rezolvata.

Fig. 3 - Belt continuous variable transmission: working principle /
Transmisie variabila continud cu curele: principiu de functionare
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3. THE EXPERIMENTAL STAND

To validate the speed ratio measuring technique with
laser sensor, in laboratory conditions was designed and
practic realised a experimental stand.

Experimental stand (Fig. 4) consists in:

= frame

= mechanical pulley system, variable and CVT’s driving
mechanism

= electric motor drive

= electronic equipment — laser sensor and data

acquisition card

data transfer unit and PC.
The electronic equipment from the experimental stand
consists in a system composed by a sensor and a data
acquisition card. The sensor used it's a laser type with a
detection distance between 0.3 and 30 meters. It can work
in analog or digital mode and it has a control panel for
making settings according to the speed response, or the
distance between the detection is carried out.

INMATEH - icultural

3. STANDUL EXPERIMENTAL
Pentru validarea tehnicii de masurare a turatiei cu

senzor laser, in conditii de laborator a fost proiectat si
realizat practic un stand experimental.
Standul experimental (fig. 4.) se compune din:

cadru,

sistemul mecanic de roti de curea, variator si

mecanismul de actionare a variatorului,

motor electric de actionare,

echipament electronic-traductor laser si placa de

achizitie de date,

unitate de transfer date si PC.

Echipamentul electronic din componenta standului experimental
consta intr-un sistem compus din senzor si placa de achizitii
de date. Senzorul utilizat este de tip laser cu o distanta de
detectie cuprinsa intre 0,3 si 30 metri. Acesta poate lucra
n mod analog sau digital si mai dispune si de un panou de
control de la care se efectueaza setarile in functie de viteza
de raspuns, sau distantele intre care se efectueaza detectia.

Fig. 4 - Experimental stand / Standul experimental:
a) Solid Works design / model proiectat in Solid Works, b) practical achievement / realizare practica, 1 - sensor / senzor, 2 -.driving
mechanism / mecanism de actionare, 3 - variator / variator, 4 - belt / curea, 5 - electric engine / motor electric, 6 - frame / cadru

A stabilized power source supply the sensor and in
parallel a serial interface RS-232 specially designed to
provide data acquisition from the sensor. Serial interface
takes over the sensor output signal and forwards it to a
portable computer where it can be viewed.

To view the resultsit was used LabView program,
which takes the values from the serial interface and
displays the signal as a graphic of voltage values [mV] in
time unit. Voltage values are directly proportional to the
distance between sensor and the belt. The program has
the ability to import amplitude values in a table or Excel
format, in order to achieve a database.
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O sursa de curent stabilizata alimenteaza senzorul si in paralel
o interfata serial RS 232 special dezvoltata pentru a asigura
achizitia de date de la senzor, la care este conectat senzorul.
Interfata serial preia semnalul transmis de senzor si il transmite
mai departe spre un calculator portabil unde poate fi vizualizat.
Pentru vizualizarea rezultatelor s-a folosit programul LabView,
care preia valorile de la interfata serial si afiseaza semnalul
sub forma unui grafic al valorilor de tensiune tn [mV] in
unitatea de timp. Valorile tensiunii sunt direct proportionale
cu distanta dintre senzor si curea. Programul dispune de
posibilitatea de a importa valorile amplitudinii intr-un tabel
sau in format Excel, in vederea realizarii unei baze de date.
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Fig. 5 - Transmited signal graphic and table with amplitude \;aluég:LabView visualization /
Graficul semnalului transmis gi tabelul cu valorile amplitudinii-vizualizare LabView.
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4. EXPERIMENTAL RESULTS

In order to achive a mathematical correlation between
the sensor transmited signal and the measured distance
from sensor to belt, using Origin software has performed a
detection calibration, measuring the distance and voltage
for different values of the belt working diameter.
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0.435 o
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4. REZULTATELE EXPERIMENTALE

Tn vederea realizari unei corelati matematice intre tensiunea
semnalului transmis de senzor gi distanta masurata de la
senzor la curea, cu ajutorul soft-ului Origin s-a efectuat o
calibrare a detectiei, masurandu-se distanta si tensiunea
pentru diferite valori ale diametrului de lucru al curelei.

—— e asured values
| [MEAT TR QMRS SION

Linear Regression f_or Data1:

DA EAXBEX
F%arameter VaIQe Error
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Fig. 6 - Linear regression of experimental values (Origin 6.0) /
Regresia liniard a valorilor experimentale (Origin 6.0)

To evaluate the possibility of continuous measurement
of speed ratio, there were made sets of measurements. In
order to verify the accuracy of speed assessment by laser
sensor, the speed ratio was also measured with a digital
tachometer.

Given that the parameters from the determining the
speed ratio relation are represented by the distance
sernsor-belt, the speed ratio equation n; will be of the form

(Fig. 3):

n. =

Pentru a evalua posibilitatea masurarii continue a
turatiei variatorului, au fost efectuate seturi de masuratori.
In vederea verificarii preciziei de evaluare a turatiei cu
senzor laser, aceasta a fost masurata si cu un tahometru
digital.

Avand Tn vedere ca parametri din relatia de
determinare a turatiei sunt reprezentati de distanta de la
senzor la curea, ecuatia turatiei n; va fi de forma (fig. 3):

d,-n

|
2 '(P]HBX

where:

d: - diameter of the electric motor drive pulley [m]

n; - electric motor drive speed ratio [rev/min]

hmax - distance from the sensor to variator shaft [m]

yi- mathematical expression of linear regression

Thus, the speed ratio can be determinated at any time.
Measurements were made in speed limits permitter by the
working diameter of the belt (minimul diameter and
maximum diameter) and the speed ratio area was
discretized between 1066+1356 rev/min.

Measurement results are presented in table 1:

—y, )-1000

@)

unde:

d1 - diametrul rotii de curea a motorului electric [m]

Ny - turatia motorului electric [rot/min]

hmax - distanta de la senzor la axul variatorului [m]

Yi - expresia matematica a regresiei liniare

Astfel, poate fi determinata turatia variatorului in orice
moment. S-au efectuat masuratori privind variatia turatiei
n limitele permise de diametrul de lucru al curelei variatorului
(diametrul minim si diametrul maxim), iar domeniul de
turatii a fost discretizat in intervalul 1066+1356 rot/min.
Rezultatele masuratorilor sunt prezentate in tabelul 1:

Table 1/ Tabel 1

Measured and calculated values / Valori masurate si calculate

Distance Measured Speed ratio
No.Det. / V0|t_399/ (I;/zi?as#g(;o} C(:jic;;l}a:g? determining speed ratio / | Calculated speed dgtermining
Nr. Det. Tensiunea Distanta Distanta error / Eroarea Turatia ratio / Turatia error / Eroarea
[mV] - 4 v de determinare a mdsurata calculati [rot/min] | de determinare a
mdsurata [m] | calculatd [m] distantei [%] [rot/min] turatiei [%]
1 119 0.444 10,444 | 0.44423/0,44423 | 0.4504/0,4504 1356 1361.62/1361,62 | 0.4145/0,4145
2 122 0.442 /0,442 | 0.44168/0,44168 | 0.5740/0,5740 1317 1318.79/1318,79 | 0.1363/0,1363
3 125 0.438/0,438 | 0.43905/0,43905 | 0.5954/0,5954 1271 1278.58/1278,58 | 0.5965 /0,5965
4 129 0.436 /0,436 | 0.43564/0,43564 | 0.7766/0,7766 1233 1228.62/1228,62 | 0.3544/0,3544
5 131 0.434/0,434 | 0.43391/0,43391 | 0.3971/0,3971 1209 1205.08 /1205,08 | 0.3235/0,3235
6 135 0.431/0,431 | 0.43046/0,43046 | 0,7950/0,7950 1168 1160.61/1160,61 | 0.6323/0,6323
7 138 0.428 /0,428 | 0.42787/0,42787 | 0.6016/0,6016 1129 1129.35/1129,35 | 0.0313/0,0313
8 141 0.424/0,424 | 0.42528/0,42528 | 0.6053/0,6053 1096 1099.73/1099,73 | 0.3406 / 0,3406
9 145 0.422 /0,422 | 0.42183/0,42183 | 0.8112/0,8112 1066 1062.57 /1062,57 | 0.3212/0,3212
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Because the aim of this research is to establish a
direct link between the sensor measured distance and
transmited speed ratio, a new regression was performed
taking into consideration the variator speed ratio with the
distance from sensor to belt (Fig.7).

INMATEH - icultural

Deoarece scopul acestei cercetari este de a stabili o
legatura directd intre distanta masuratd de senzor si
turatia transmisa, o noua regresie liniara a fost efectuata
ludnd n considerare turatia variatorului in functie de
distanta de la senzor la curea (fig. 7).
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Fig. 7 - Linear regression for speed ratio measured values (Origin 6.0) /
Regresia liniard pentru valorile masurate ale turatiei (Origin 6.0)

Linear regression resulted with minimum error,
shows the dependence of speed ratio and height.

The measurements carried on can provide relevant
results regarding the automatisation of technological
speed ratio detection process for subassemblies of
harvesting machines according with working conditions.
Thus, the signal obtained from sensor represents the
required information for an actuator that can control the
position of variator adjustment mechanism.

Regresia liniara rezultatd cu eroare minima, arata
dependenta dintre turatie si inaltime.

Masuratorile efectuate ofera rezultate relevante privind
posibilitatea automatizarii procesului de detectie a turatiei
tehnologice pentru subansamblele masinilor de recoltat
cu conditiile de lucru. Astfel, semnalul obtinut de la senzor
reprezintd informatia necesara pentru un actuator care

LASER SENSORE
SENIOR LASER

ﬁ-

SERIAL INTERFACE
INTERFATA SERIAL

poate comanda mecanismul de reglare a pozitiei
variatorului.
SIGHAL VIEW
— LABVIEW

VIZUALIZARE SEMNAL

!

CwT
VARIATOR

h

DRIVING MECHANISK
MECANISKM DE CORAND A

ACTUATORS
ACTUATOR]

]

Fig. 8- Speed ratio detection technique automatisation diagram /
Diagrama automatizarii tehnicii de detectie a turatiei

Conclusions

The speed ratio monitoring with laser sensor allows
some advantages achived through: fast information,
measured speed ratio is directly proportional to the
transmited signal value in mV, possibility of integration in
a automatic speed ratio control.

Research carried on and presented in this paper
demonstrate the possibility to determinate in real time the
variable speed ratio. This resesrch may be useful to
manufacturers of cars equipped with continuous variable
transmissions, in order to make continuous adjustments.

The technique for speed ratio continuous measurement
in real time can be integrated into an automated system for
adjusting the technological parameters at harvest such as:
threshing machine beater command, cleaning system fan
control, variator speed ratio command.

Linear regression results show the capability of the
applied measurement technique, measured errors being
subunitary.
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Concluzii

Monitorizarea laser a turatiei permite o serie de
avantaje care se concretizeaza prin: informatie rapida,
turatia masuratd este direct proportionald cu valoarea
semnalului transmis Tn mV, posibilitatea integrarii intr-un
sistem automat de reglare a turatiei.

Cercetarile realizate si prezentate in aceasta lucrare
demonstreaza posibilitatea determinarii in timp real a
turatiei variabile. Aceastd cercetare poate fi utila
producatorilor de magini echipate cu variatoare de turatie,
cu scopul de a realiza reglaje continue.

Tehnica de masurare continua a turatiei in timp real
poate fi integratd intr-un sistem automat de reglare a
parametrilor tehnologici la recoltare cum ar fi: comanda
batatorului aparatului de treier, comanda ventilatorului
sistemului de curatire, comanda turatiei rabatorului.

Regresia liniara rezultata arata capabilitatea tehnicii de
masurare aplicate, erorile de masurare rezultate fiind
subunitare.
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EXPERIMENTATION OF TECHNOLOGY AND EQUIPMENTS FOR PRIMARY PROCESSING
OF MEDICINAL AND AROMATIC PLANTS. OBTAINING OF EXTRACTIVE SOLUTIONS FROM
MEDICINAL AND AROMATIC PLANTS

/

EXPERIMENTAREA TEHNOLOGIEI §1 A ECHIPAMENTELOR PENTRU PROCESAREA
PRIMARA A PLANTELOR MEDICINALE S| AROMATICE. OBTINEREA DE SOLUTII
EXTRACTIVE DIN PLANTE MEDICINALE $1 AROMATICE

Danciu A.”, Postelnicu E.”, Vladut V.", Voicea 1., Matache M."”, Ludig M. ", Prof. PhD. Eng. Martinov M. ? ,
Ph.D. Eng. Atanasov A.?, Florea C.¥
YINMA Bucharest / Romania, ?University Novi Sad / Serbia, ®University of Rousse / Bulgaria, “University Transilvania
Brasov / Romania
Tel: 0740.217.105; Fax: 021/269.32.73; E-mail: danciu_aurell@yahoo.com

Abstract: For each plant and plant part, at harvesting are
important the following: the optimum moment of
harvesting (which for the majority of plants or plant useful
parts represents the anthesis or blossoming period when
the vegetal material contains the maximum amount of
extracts containing active principles) and the harvesting
method (manual or mechanical seeking that the material
preserve a maximum of extracts containing active
principles). The primary processing comprises the
technical operations by which the material is prepared,
respectively the harvested vegetal material is stored,
packed, labelled or subsequently processed (e.g.
percolation). The primary processing supposes all the
operations of conditioning, harvesting, drying, grinding by
chopping (cutting), transport, sorting, performed by
specialized equipment and through which the raw material
is successively transformed, quantitative and qualitative,
from the initial state Sp to a state of finished product Sk.
Were experimented the equipments needed to primary
processing the medicinal and aromatic plants (plant
cutting machine, inclined belt conveyor and cut plant sorter)
as well as the percolator for obtaining of extracts containing
active principles from these plants.

Keywords: active principles, extracts, medicinal plants,
sorting fractions

INTRODUCTION

At the optimum harvesting moment (specific to each
plant or plant part), expressed according to calendar by
specifying the season, month or growing phase
appropriate, the vegetal material contains the maximum
quantity of extracts with active principles. The medicinal
plants species owe their phyto-therapeutic action to some
bioactive components, also called active principles,
influencing the metabolism of the whole body of human
beings or animals. Depending on the presence of some
active principles, the plants have specific effects, increased
by their synergic action, having nourishing, therapeutic and
also preventive qualities. The useful substances from
medicinal and aromatic plants can generally be extracted
either by means of water (usually hot water), or a
solvent,(e.g. the alcohol). The plant parts are broken in
small fragments (leaves, flowers, herbs up to 5 mm, the
skiny leaves up to 1mm and the stems, bark and
underground parts, under 3mm, the fruits and seeds, under
0.5mm).

In case of species belonging to spontaneous flora, the
collectors difficulty is related to the absence of features
which should allow a correct recognition of medicinal species,
as aerial parts, especially flowers. In order to identify
several features on which basis the vegetal matter will be
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Rezumat: Pentru fiecare planta si pentru fiecare organ al
plantei, la recoltare sunt importante urmatoarele:
momentul optim de recoltare (care la majoritatea plantelor
sau pdrtilor utile din plante reprezinta perioada de anteza
sau de Tinflorire, deci cand materialu/ vegetal contine
cantitatea maxima de extracte care contin principii active) si
metoda de recoltare (manuald sau mecanica, prin care se
urmdreste ca materialul sd-si pasfreze un maximum de
extracte care contin principii active). Prelucrarea primara
cuprinde operatiile tehnice prin care se realizeaza pregétirea,
respectiv trecerea materialului vegetal recoltat intr-o stare
corespunzatoare  depozitari, ambaldarii, etichetdrii sau
prelucrarii  ulterioare (ex. percolarea). Prelucrarea primara
presupune operatii de: condifionare, recoltare, uscare,
mdéruntire prin tocare (téiere), transport, sortare, realizate cu
utilaje specializate, prin care materia prima este transformata
succesiv, cantitativ gi calitativ, din starea initiald So ntr-o
stare de produs finit Sk. Au fost experimentate
echipamentele necesare procesdarii primare a plantelor
medicinale si aromatice (masina de taiat plante, transportorul
inclinat cu banda, sortatorul de plante tdiate) céat si
percolatorul pentru obtinerea extractelor care contin
principii active din aceste plante.

Cuvinte cheie: plante medicinale, fractii de sortare,
extracte, principii active

INTRODUCERE

La momentul optim de recoltare (specific fiecarei plante
sau organ al acesteia), exprimat calendaristic, prin
specificarea anotimpului, a lunii sau a fazei de vegetatie
propice, materialul vegetal contine cantitatea maxima de
extracte cu principii active. Speciile de plante medicinale
isi datoreaza actiunea fitoterapeutica prezentei unor
componente chimice bioactive, numite si principii active,
cu efecte Tn metabolismul ntregului organism uman sau
animal. in raport de prezenta anumitor principii active,
plantele au efecte specifice, potentate prin actiunea lor
sinergica, avand atat calitati alimentare, céat si terapeutice
sau chiar preventive. Substantele utile din plantele
medicinale si aromatice se extrag din organele plantelor,
in general, fie cu ajutorul apei (de obicei fierbinte), fie cu
ajutorul unui solvent (de ex. alcolul). Organele plantelor se
faramiteaza in fragmente mici (frunze, flori, herba, pana la
5 mm, frunzele pielose pana la 1 mm, tulpinile, coaja si
organele subterane, sub 3 mm, fructele si semintele, sub
0,5 mm).

In cazul speciilor din flora spontana, dificultatea
culegatorilor este legatd de lipsa unor caractere de
recunoastere corecta a speciilor medicinale, ca organele
aeriene, mai ales a florilor. Este necesar sa se consulte
specialistii, pentru a se identifica cateva caractere, pe
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classified, it is necessary to ask the specialists opinion [1],

[2], 3], [4], [3], [6].

In terms of structure, the technological process of
primary manufacturing the medicinal and aromatic plants
represents that part of manufacturing process which
comprises the totality of operations and intercorelated
stages necessary to prepare, respectively store, pack
and subsequently process the matter harvested or
purchased.

The operations performed before the primary processing are:
= Medicinal plants harvesting (from areas on which
have not been applied toxic substances for fighting
against pests), at the optimum moment of harvesting,
during the growing stage suitable to plants or useful plant
parts, gathered by the appropriate harvesting method
(manual or mechanical), so that the collected material to
keep a maximum of extracts containing active principles;
= |ntermediary storing and the raw material transport in
clean, disinfected areas, without environment smells,
taking the necessary measures for avoiding the contact
or degradation, by using plastic or wood packages,
baskets, cardboard boxes, textile or paper bags. The
products recently harvested shall be stored up during
short periods of maximum 24 h, the transport being
performed by appropriate cleaned and ventilated
transport means, protected against dust, moisture and
excessive heat, avoiding crushing.The fresh medicinal
plants should not be transported on long distances, due
to their high perishable character. At primary processing
centres, the fresh medicinal plants are unloaded and
introduced in the technological flow, after a short period
of storage.

The operations designed to primary processing are [7]:
a) for medicinal and aromatic plants recently harvested and that
are going to be processed, the following operations are performed:
= conditionong, that comprises:

- cleaning (separating and eliminating the organic
and inorganic impurities);

- sorting the impurities (according to particles size,
specific wheight, aggregation state);

- sorting or calibrating the components in several
fragments depending on dimensional criteria
(length, thickness, diameter or specific weight)
or/and qualitative weight (colour, damaging level
or developing stage);

e eventually, the material chopping in order to allow
afterwards, complex operations such as: extracting
the essential oils, obtaining the natural extracts in
different solvents, extracting the natural juices, etc.

b) for the fresh vegetal material aimed to be dried are

performed:
= coditioning (cleaning, separating, sorting or
calibrating);

= forced drying required to ensure of obtaining of a finished
product of quality and especially the conservation at a
rate as high of the content of extracts with active
principles of this, operation performed at different
temeperatures according to medicinal plants type [9];

= grinding by chopping (cutting) or milling for medicinal
plants, depending on the susequent destination, or
the active parts which were harvested either for
accelerating the technological phase, or obtaining a
certain product from the raw material, designed to be
commercialized; The grinding process by chopping is
achieved by chopping (cutting the green and dried
plants useful parts at the appropriate dimensions of
processing by other specific operations such as:
extraction, maceration, etc) and by grinding;

=  extraction, maceration;

= storage, packing and labelling the end products which
should meet the quality requirement stipulated by the
relevant national and international regulations.
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baza carora se vor incadra materialele vegetale [1], [2],

(31, [4], 3], [6].

Din punct de vedere al structurii, procesul tehnologic de
prelucrarea primara a plantelor medicinale si aromatice
reprezinta partea din procesul de fabricatie care cuprinde
totalitatea operatiilor si fazelor intercorelate necesare pentru
pregatirea, respectiv trecerea materialului vegetal recoltat sau
achizitionat, intr-o stare corespunzatoare depozitarii, ambalarii
sau prelucrarii ulterioare, n cadrul unei unitati de productie.
Operatiile premergatoare prelucrarii primare sunt:
= recoltarea plantelor medicinale (din zone care nu au fost
tratate cu substante toxice pentru combaterea daunatorilor), la
momentul optim de recoltare, in faza de vegetatie propice
plantelor sau partilor utile din plante, colectate prin
metoda de recoltare corespunzatoare, (manuala sau
mecanica), astfel incat materialul adunat sa-si pastreze
un maximum de extracte care contin principii active;

* depozitarea intermediara si transportul materiei prime

in spatii curate, dezinfectate, fara mirosuri in mediul ambiant,

ludndu-se masuri pentru evitarea contactului sau degradarii,
utilizdnd ambalaje din lemn sau plastic, cosuri, cutii de
carton, saci textili sau de hartie. Produsele proaspat recoltate
vor fi stocate pentru perioade scurte, cel mult 24 h, transportul
fiind efectuat cu mijloace de transport dedicate, curate si
aerate, protejate de praf, umiditate sau caldura excesiva,
fara a fi strivite. Este indicat ca in stare proaspata
plantele medicinale sa nu fie transportate pe distante
lungi, datorita gradului de perisabilitate ridicat. La centrele
de prelucrare primara, plantele medicinale proaspete sunt
descarcate si introduse Tn fluxul tehnologic, dupa o scurta
perioada de depozitare, necesara preluarii materiei prime.

Operatiile pentru prelucrarea primara sunt [7]:

a) pentru plantele medicinale si aromatice proaspat recoltate

si care urmeaza a fi prelucrate se efectueaza:

= conditionarea care cuprinde:

- curatarea (separarea si
organice si anorganice);

- separarea de impuritati (dupa marimea particulelor,
greutatea lor specifica, starea de agregare etc.);

- sortarea sau calibrarea in mai multe fractiuni a
componentelor dupa criterii dimensionale (lungime,
grosime, diametru sau greutate specificd), sau/si
dupa criterii calitative (culoare, gradul de vatamare
sau stadiul de dezvoltare);

= eventual tocarea, pentru a fi supus apoi unor operatii
complexe de: extragere a uleiurilor volatile, de
obtinere a extractelor naturale in diferiti solventi, de
extragere a sucurilor naturale etc.

b) pentru materialul vegetal proaspat destinat uscarii se

efectueaza:

= conditionarea
calibrare);

» uscarea fortatd necesara garantarii obtinerii unui produs
finit de calitate si in mod deosebit, conservarii intr-o
proportie cat mai mare a continutului de extracte cu
principii active ale acestuia, operatie efectuata Ila
temperaturi diferite functie de tipul plantelor medicinale [9];

*  maruntirea prin tocare (tdiere) sau macinare, pentru plantele
medicinale, functie de destinatia sa ulterioara, sau
functie de partile active care au fost recoltate fie in vederea
accelerarii fazei tehnologice, fie pentru obtinerea unui
anumit produs din materia prima, destinat comercializarii.
Procesul de maruntire prin tocare se realizeaza prin
tocare (taierea partilor utile atat a plantelor verzi cat si a celor
uscate, la dimensiunile potrivite procesarii prin alte operatii
specifice cum ar fi: extractia, macerarea etc.) si prin macinare;

] extractia, macerarea;

= depozitarea, ambalarea si etichetarea produselor finite,
care trebuie sa respecte conditiile de calitate prevazute
de reglementarile nationale si internationale specifice.

eliminarea impuritatilor

(curatare, separare, sortare sau
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MATERIALS AND METHODS

At the primary processing technology experimentation
of medicinal and aromatic plants as well as the extraction
of active principles contained in these plants it has been
aimed to test each equipment of the technological working
flow, watching for each of these equipments the
qualitative working indicators, so that to be possible to
determine the indices of exploitation [7].

In order to experiment the technology and to obtain
the extracts containing active principles from medicinal
and aromatic plants, the following equipment have been
experimented (fig. 1 and fig. 2), based on relevant
methodologies and technology:

- cutting machine for medicinal and aromatic plants;

- inclined belt conveyor;

- sorter of cut plants

- percolator for obtaining plant extracts.

The equipment trials were performed using the
following materials:

a) for the equipment designed to primary processing
(fig.1, 3 and 4) were used: yarrow, melissa, rosemary,
willow bark;

b) for the equipments necessary to obtain the extracts
containing active principles from medicinal and aromatic
plants (percolator) there have been used:

- vyarrow (having humidity u=8,75 %), melissa
(u=7,03 %), rosemary (Uu=6,12 %), willow bark
(u=5,05%), obtaining mixtures of aromatic tea, the
distilled water being used as solvent;

- tarragon, savory, mint, rosemary and celery, obtaining
a mixture, the apple vinegar being used as solvent.

INMATEH - icultural

MATERIALE S| METODA
La experimentarea tehnologiei prelucrarii primare a

plantelor medicinale si aromatice precum si a extragerii

principiilor active continute in aceste plante s-a avut in
vedere testarea fiecarui echipament din fluxul tehnologic
de lucru, urmarindu-se pentru fiecare dintre aceste
echipamente indicii calitativi de lucru, astfel incat sa se

poata determina indicii de exploatare [7].
in vederea experimentarii tehnologiei si obtinerii

extractelor care contin principii active din plante medicinle

si aromatice s-a efectuat Tn prealabil experimentarea
urmatoarelor echipamente (fig. 1 si fig. 2, avand la baza
metodologii pentru testarea acestora:

- masina de taiat plante medicinale si aromatice;

- transportor inclinat cu banda;

- sortator plante taiate;

- percolator utilizat pentru obtinerea de extracte
Experimentarea echipamentelor s-a efectuat utilizand
urmatoarele materiale:

a) pentru echipamentele necesare procesarii primare a

plantelor medicinale si aromatice (fig.1, 3 si 4) sau folosit:

coada soricelului, melisa, rozmarin, coaja salcie;

b) pentru echipamentele necesare obtinerii extractelor ce

contin principii active din plantele medicinale si aromatice

(percolator), sau folosit:

- coada soricelului (avand umiditatea u=8,75 %),
melisa (u=7,03 %); rozmarin (u=6,12 %), coaja salcie
(u=5,05%), obtindndu-se amestecuri de ceaiuri
aromatice, utilizand ca solvant apa distilata;
tarhon, cimbru, rozmarin, menta si telind obtinandu-
se un amestec, utilizand ca solvent otet de mere.

Fig. 1 - Technical equpment designed to medicinal and aromatic plants processing /
Echipamente tehnice necesare procesdrii primare a plantelor medicinale si aromatice [7]
1 - Aromatic and medicinal plants cutting machine. / Masina de taiat plante medicinale si aromatice; 2 - Inclined belt conveyor /
Transportor inclinat cu bandd; 3 - Sorter of plants cut / Sortator plante taiate

Fig. 2 - Percolator to obtain extracts containing active principles from medicinal and aromatic plants /
Percolator pentru obtinerea de extracte care contin principii active din plante medicinale si aromatice [7]
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c b
Fig. 3 - Control boards / Tablourile de comanda:

a) for plant cutting machine / pentru masina de taiat plante; b) for inclined belt conveyor / pentru transportorul inclinat cu banda; c) for
sorter of cut plants / pentru sortatorul de plante taiate

Fig. 4 - Technical equipment necessary to process of chopping and grinding of agricultural and forestry solid biomass / Aspecte din
timpul functionarii echipamentelor tehnice necesare procesarii primare a plantelor medicinale si aromatice
d) Sorts from yarrow a) Feeding the cutting machine /
/ Sorturile din coada Alimentarea masginii de tocat
soricelului plante medicinale si aromatice

c) Sorter supplying / b) Conveyor of ground material /
Alimentarea sortatorului Transportul materialului tocat

Fig. 5 - a) Filling the solvent compartment up to the suitable level / Umplerea compartimentului cu solvent pana la nivel; b) Closing and
clenching the cover of percolating installation / Inchiderea si strangerea capacului compartimentului de percolare

Fig. 6 - Performing the ,priming”operation at the beginning of the process, by removing the air with percolator expansion vessel /
Realizarea operatiei de "priming" la inceputul procesului, prin eliminarea aerului cu ajutorul vasului de expansiune al percolatorului

Fig. 7 - Percolating installation working process (pressure variation:high-low) /
Procesul de lucru al percolatorului (variatia presiunii: ridicata - joasd)
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Pressure/time evolution/Evolutie presiune/timp

percolator pressurelpr-asiu‘ne percolator [01]
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Fig. 8 - Pressure/time evolution for a total percolation cycle/ Evolutie presiune/timp pentru un ciclu intreg de percolare

The percolator performs the extraction of soluble
substances with a solvent from aromatic and medicinal
plants containing active principles (Fig. 2), and operates at
a pressure of 3 10° Pa, in two phases, being equipped with
two compartments for introducin% of plants batches (of
1.2x10” m® respectively 2.4x10? m"®), being able to operate
alternatively with any of these, depending on the quantity of
plants which must be processed. Extraction cycle
alternates, namely a dynamic phase obtained by a
programmed pressure with a static phase for the extract
transfer in solvent.

The entire extraction process is carried out
automatically, its parameters are prescribed, controlled and
displayed on a PLC with display (Fig. 5, 6, and 7) providing
information on [12]:

total time and time remaining until the cycle end;

number of cycles sets;

maximum pressure times and minimum pressure;

program number

maximum pressure, minimum pressure and working

pressure;

supply and discharge times;

position of the piston (top - bottom);

alarms for process anomalies.

To achieve the determinations, were used:

Electronic balance "Mettler";

oven "Adjustable-oven temperature indicator "MEMMERT”

type - UFE 500”.

Determination of percolation pressure recorded in the
extraction chamber during the percolation, was made
using a pressure transducer P6A type, Hottinger-Baldwin-
Messetechnik, having a measurement range of 0+200 bar
and data acquisition system MGCplus type.

These pressures were highlighted in the graph shown
in Figure 8 [7].

RESULTS
Determination of operating indices of the equipment:
Shredder for medicinal and aromatic plants

Energy consumption:
Adjustable cutting length at:
Ability to cut dry plants:
Ability to cut fresh herbs:
Specific energy consumption:

1.3068 MJ;
4,6, 10, and 12 mm;
0.0222+0.0333 kg.s™;

0.0361+0.0388 kg.s™;

0.0111/0.0165 MJ kg™,

61

Percolatorul efectueaza extragerea de substante
solubile cu ajutorul unui solvent din plantele medicinale si
aromatice care contin principii active (fig. 2), si
functioneaza la presiunea de 3 10° Pa, in doua faze, fiind
prevazut cu doua compartimente pentru introducerea
sarjelor de plante (de 2,4.10° m° respectiv 1,2.10% m®),
putdnd functiona alternativ cu oricare dintre acestea,
functie de cantitatea de plante ce trebuie procesata. Ciclul
de extractie alterneaza, o faza dinamica obtinuta printr-o
presiune programatd cu o faza statica pentru transferul
extractului n solvent.

Intregul proces de extractie se desfasoara automat,
parametrii acestuia fiind prescrisi, controlati si afisati de un
automat programabil cu display (fig. 5, 6, si 7) furnizand
informatii referitoare la [12]:

timpul total si timpul ramas pana la sfarsitul ciclului;

numarul seturilor de cicluri;

timpii de presiune maxima si presiune minima;

numarul programului;

presiune maxima, presiunea minima si presiunea de

lucru;

timpii de alimentare si de golire;

pozitia pistonului (sus - jos);

alarme Tn cazul anomaliilor de proces.

Pentru realizarea determinarilor, au fost utilizate:

balanta electronica ,Mettler;

etuva "Indicator de temperatura cu reglare-etuva tip
"MEMMERT” - UFE 500”.
Determinarea presiuniilor de percolare Tinregistrate in
camera de extractie in timpul procesului de percolare, s-au
realizat cu ajutorul unui traductor de presiune tip PG6A,
Hottinger-Baldwin-Messetechnik, avand domeniu de masura
0200 bar si a sistemului de achizitie de date tip MGCplus.

Aceste presiunii au fost evidentiate in graficul prezentat in
figura 8 [7].

REZULTATE

Determinarea indicilor de exploatare ai echipamentelor:
Masina de taiat plante medicinale si aromatice

Energia consumata: 1,3068 MJ;
Lungimea de taiere reglata la: 4;6; 10; si 12 mm;
Capacitatea de taiere plante uscate:0,0222+0,0333 kg.s"l;
Capacitatea de taiere plante proaspete: 0,0361+0,0388 kg.s"l;
Consum specific de energie: 0,0111/0,0165 MJ.kg'l.
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Inclined transportor with belt

Energy consumption: 1.98 MJ;
Maximum transportor capacity: 0,1388 kg i
Transportor belt speed: 0.007+0.57 ms™;
Specific energy consumption: 0.0039 MJ.kg'l;
Cut plant sorter

Energy consumption: 0.954 MJ;
Effective work capacity: 0.0513 kg.s™;
Sieve slope angle: 13°20;
Electrovibrators angle: 16°54";

Square holes size of the sieves used , in mm:

- for the real cutting length of 4 mm: 2.15; 4; 6.3;
- for the real cutting lenght of 6 mm: 3.15; 6.3; 8.3;
- for the real cutting lenght of 8 mm: 4; 8; 10;

- for the real cutting lenght of 10 mm: 5; 10; 13.2;

- forthe real cutting lenght of 12 mm: 6.3; 10; 13.2;

Specific energy consumption: 0.009 MJ.kg'l.
THE PERCOLATOR:

Energy consumption: 1.7856 MJ;

Volume of percolating chambers:  1.2.10% m%2.4.10° m®

Air pressure used to percolation: 310° Pa;

Effective work capacity: 0.0336 kg.s™;

Specific consumption of electricity for the volume of
extraction chambers of 1.2.10% m® / 2.4.102 m® (time
of 3600 s /charge): 0.1475 / 0.0738 MJ.kg™.

Following the the equipment testing from the

technological work flow of the primary processing line and
extracting the active principles of medicinal and aromatic
plants were obtained the following results:

work flow capacity: 80+120 kg dry plants/h;

total electricity consumed by the equipment in flow:
6.0264 MJ;

total specific electricity consumption of the equipment
in flow 0.0965+0.1797 MJ. Kg™;

optimum inclination angle of the sorting sieves: 13.1%;
optimum inclination angle of the sorter electrovibrator
(left / right): 16°54"

sorting degree of various cut plants (with real cutting
length set at 4, 6, 8, 10 and 12 mm), determined by
weighing them before processing and by weighing the
sorted fractions by the refusals method is presented in
Table 1, and the grades distribution set by the adjustable
cutting lengths in the graphs in Fig. 8-12 [7];

extraction time of active principles: 1 h;

percolation pressure: 3 10° Pa;

average humidity of the samples subjected to
extraction: 5+8,75%;

the concentration extractive solutions containing active
principles, (determined by sampling the evidences in
special capsules being placed in the oven to determine
the exact percentage of active substance extracted in the
process) was between 15+24%. The percentage obtained
of extracts containing active principles was calculated
after sampled samples was kept inside the oven with the
temperature set to 105°C for a period of 22 hours for each
material (chopped herbs) subjected to percolation
determining different percentages of extraction of active
principles, depending on the type of herb. The
concentration of extractive solutions containing of active
principles from the medicinal and aromatic plants was
strongly influenced by the following factors:

humidity of the cut and sorted plants;

samples consistency (leaves / stems / bark / seeds / etc.);
percolation time;

selected cycle;

percolation pressure;

solvent used.
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Transportor inclinat cu banda

e Energia consumata: 1,98 MJ;
e  Capacitate maxima de transport: 0,1388 kg st
e Viteza benzii transportoare 0,007+0,57 ms™;
e Consum specific de energie: 0,0039 MJ.kg'l;
Sortatorul de plante taiate
e Energia consumata: 0,954 MJ;
o  Capacitate de lucru efectiva 0,0513 kg.s™%;
e Unghiul de Inclinare al sitelor: 13°20’;
e Unghiul de inclinare al electrovibratoarelor: 16°54';
o Dimensiunile orificiilor patrate a sitelor utilizate, Tn mm:
- pentru lungimea reala de taiere de 4 mm: 2,15; 4; 6,3;
- pentru lungimea reala de taiere de 6 mm: 3,15; 6,3; 8,3;
- pentru lungimea reala de taiere de 8 mm: 4; 8; 10;
- pentru lungimea reala de taiere de 10 mm: 5; 10; 13,2;
- pentru lungimea reala de taiere de 12 mm: 6,3; 10; 13,2;
« Consum specific de energie: 0,009 MJ.kg’l.
PERCOLATOR:
e Energia consumata: 1,7856 MJ;
«  Volumul camerelor de percolare: 1,2.10% m%2,4.102 m?;
e  Presiunea aerului folosit la percolare 3 10° Pa;
e Capacitate de lucru efectiva 0,0336 kg.s'l;

Consum specific de energie electrica pentru volumul

camerelor de extractie de 1,2.10% m® / 2,4.10° m® (timpul
de 3600 s/sarjd): 0,1475 / 0,0738 MJ.kg™.

Ca urmare a experimentarii echipamentelor din fluxul

tehnologic de lucru al liniei de prelucrare primara si
extragerea principiilor active din plantele medicinale si
aromatice s-au obtinut urmatoarele rezultate:

e o o o o o

capacitatea de lucru pe flux: 80+120 kg plante uscate/ora;
energia electrica totalda consumata de echipamentele din
flux: 6,0264 MJ;

consumul specific total de energie electrica al
echipamentelor din flux: 0,0965+0,1797 MJ. Kg™;
unghiul optim de inclinare al sitelor sortatorului: 13,1%;
unghiul optim de inclinare al electrovibratorului
sortatorului (stAnga/dreapta): 16°54';

gradul de sortare a diferitelor plante tadiate (avand
lungimile reale de taiere reglate la 4, 6, 8, 10 si 12 mm),
determinat prin cantarirea acestora Tnainte de procesare
si prin cantarirea fractiilor sortate prin metoda refuzurilor
este prezentat in Tabelul 1, iar repartitia sorturilor functie
de lungimile de taiere reglate in graficele din fig. 8-12 [7];
timpul de extractie a principiilor active: 1 ora.

presiunea de percolare:3 10° Pa;

umiditatea medie a probelor supuse extractiei:
5+8,75%;

concentratia solutiilor extractive ce contin principii active,
(determinat prin esantionarea de probe in capsule
speciale ce au fost introduse in etuva pentru a se
determina cu exactitate procentul de susbstanta activa
extras Tn proces) a fost cuprins intre: 15+24%. Procentul
de extracte ce contin principii active obtinut a fost
calculat dupa ce probele esantionate au fost tinute in
interiorul etuvei cu temperatura setata la 105°C un timp
de 22 ore, pentru fiecare material (plante tocate) supuse
percolarii determinandu-se procente diferite de extractie
a principillor active, functie de tipul de planta.
Concentratia solutiilor extractive ce contin principii active
din plantele medicinale si aromatice a fost influentata
puternic de urmatorii factori:

umiditatea plantelor taiate si sortate;

consistenta probelor (frunze/tulpini/coji /seminte/ etc.);
timpul de percolare;

ciclul ales;

presiunea de percolare;

solventul utilizat.

Table 1/ Tabel 1 [7]
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The sorting degree on sizes / Gradul de sortare pe dimensiuni

tuzal

Den. The real cutting o _ _ The sorting degree.on siz_es _for/
No./ Ie:nght/ 3 V_arletle_s d_lmenS|ons / Gradul de s'ortare pe dimensiuni pentru_
Nr Lunglmga reala Dimensiunile sorturilor Yarrow/Coa(_ja Mells_szzl Rosemar_y/ WI||0.\£V barlf /
crt. de taiere [mm] soricelului Melisa Rozmarin Coaja salcie
[mm] [%] (%] (%] (%]
under 2.5/ sub 2,15 18.72/18,72 | 29.64 /29,64 | 19.08 /19,08 4.08/4,08
1 4 under 2.16 to 4 / peste 2,16 pand la 4 31.9/31,90 25.34 /25,34 | 34.44/34,44 | 11.10/11,10
under 4.01 to 6.3/ peste 4,01 pané la 6,3 22.76 /22,76 | 19.16/19,16 | 22.98/22,98 | 17.28/17,28
over 6.3 / peste 6,3 26.12 /26,12 | 25.02/25,02 | 22.72/22,72 | 66.74/66,74
under 3.15/ sub 3,15 31.76 /31,76 | 35.84/35,84 54 /54 35.24 /35,24
9 6 over 3.16 to 6.3/ peste 3,16 pana la 6,3 36.14 /36,14 | 39.76/39,76 | 22.08 /22,08 | 37.76/37,76
’ over 6.31 to 8.3/ peste 6,31 pané la 8,3 12.66/.12,66 | 10.26 /10,26 8.90/8,90 11.26 /11,26
over 8.3 / peste 8,3 18.88/18,88 | 13.08/13,08 | 14.14 /14,14 | 14.82/14,82
under 4/ sub 4 45.80/45,80 | 50.54/50,54 | 54.72 /54,72 | 52.56 /52,56
3 8 over 4.01 to 8/ peste 4,01 péné la 8 40.94 /40,94 | 30.46/30,46 | 23.58/23,58 | 31.06/31,06
‘ over 8.01 to 10/ peste 8,01 pand la 10 5.16 /5,16 8.718,7 7.541754 7.70/7,70
over 10/ peste 10 7.4417,44 9.42/9,42 13.18 /13,18 7.64/7,64
under 5/sub 5 68.16 /68,16 | 57.24/57,24 | 66.56 /66,56 | 60.24 /60,24
A 10 under 5.01 to 10/ peste 5,01 pana la 10 31.90/31,90 | 26.98/26,98 | 17.30/17,30 | 23.70/23,70
over 10.01 to 13.2/ peste 10,01 péné la 13,2 4.74 14,74 6.72/6,72 6.54 /6,54 8.72/8,72
over 13.2 / peste 13,2 5.12/5,12 7.98/7,98 8.50/8,50 6.16 /6,16
under 6.3/ sub 6,3 73.72 /73,72 76.8/76,8 | 73.20/73,20 | 76.48/76,48
5 12 over 6.31 t010 / peste 6,31 pénd la 10 31.88/31,88 | 12.98/12,98 | 18.64 /18,64 | 14.08/14,08
over 10.01 to 13.2/ peste 10,01 pané la 13,2 3.82/3,82 5.32/5,32 2.22/2,22 4.2214,22
over 13.2 / peste 13,2 8.5/8,5 4.06 / 4,06 4.70/4,70 3.92/3,92

|Sorting degree/Gradul de sortare [“a‘n]|

|Sorting degree/Gradul de sortare [“."'n]|
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Fig. 8 - The sorting degree of medicinal plants for real cutting length of 4 mm /
Gradul de sortare a plantelor medicinale pentru lungimea reala de tocare de 4 mm
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Fig. 9 - Sorting degree of medicinal plants for real cutting length of 6 mm /
Gradul de sortare a plantelor medicinale pentru lungimea reala de tocare de 6 mm
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[OMilfoil/Coasa soricelubui

W Melissa/Melisa

B Rosemary/Rozmarin

B Willow bark/Coaja salcie

|Sor|ing degree/Gradul de sortare [%]|

under 4/sub 4

[over 4.07 to 8lpeste 4,01 pana Ia 8| [over 8.07 to 10/peste 8,07 pana la 10

[over 10/peste 10]

|Sor[s dimensions/Dimensiunea sorturilorfmm] |

Fig. 10 - Sorting degree of medicinal plants for the real cutting length of 8 mm /
Gradul de sortare a plantelor medicinale pentru lungimea reala de tocare de 8 mm
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Fig. 11 - Sorting degree of medicinal plants for the real cutting length of 10 mm/
Gradul de sortare a plantelor medicinale pentru lungimea reala de tocare de 10 mm
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Fig. 12 - Sorting degree of medicinal plants for the real cutting length of 12 mm /
Gradul de sortare a plantelor medicinale pentru lungimea reala de tocare de 12 mm
CONCLUSIONS CONCLUzII
Following the testing the equipment from the Ca urmare a experimentarii echipamentelor din fluxul

technological work flow of the primary processing line and
extracting the active principles of medicinal and aromatic
plants one can take the following conclusions:

= forthe plants cutting machine, were found the following:
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tehnologic de lucru al liniei de prelucrare primara si
extragerea principiilor active din plantele medicinale si
aromatice se pot trage urmatoarele concluzii:

= la magina de téiat plante, s-au constatat urmatoarele:
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- works well for the real cutting lengths between 4
and 12 mm;

- specific electricity consumption was between
0.011+0.0165 MJkg'l, higher values being at cutting
melissa and a willow bark;

= for the inclined transportor with belt were found the
following:

- works well for the adjusting speed of the transportor
belt with the frequency converter to values between
0.05:0.57 m.s™;

- specific electricity consumption was 0.0111 MJ. Kg™;

= for the cut plant sorter, were found that:

- works well for adjusting the incline seaves to an
angle of 13°20’, and the incline angle of the
electrovibrators adjusted to a value of 16°54";

- the sorting degree on sizes (according to the results
presented in Table 1) for the same plant increases
with the actual real cutting length (initially set);

- specific power consumption was between 0.009
+0.0135 MJ.kg™.

= for the percolator were found the follwing:

- active principles extracting time: 3600 s;

- percolation pressure: 3 10° Pa;

- average humidity of the samples submitted to
extraction: 5+8.75%;

- extraction degree of plants active principles was of
15+24%;

- specific electricity consumption (including air
compressor) was between 0.0738+40.99 MJ.
Kg'l.

The primary processing line and the active principles
extraction from medicinal and aromatic plants can be used
to obtain tea (sachets or bags), essences (to be introduced
in different concentrations in food or medicines networks)
juices, tea, etc.
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- functioneaza bine pentru lungimi reale de taiere
cuprinse intre 4 si 12 mm,;

- consumul specific de energie electrica a fost cuprins
ntre 0,011-+0,0165 MJkg'l, valorile mai mari fiind la
taierea melisei si a cojilor de salcie;

» la transportorul inclinat cu bandd s-au constatat
urmatoarele:

- functioneaza bine pentru reglarea vitezei benzii
transportoare cu ajutorul convertizorului de frecventa
la valori cuprinse intre 0,05+0,57 m.s™;

- consumul specific de energie electrica a fost de 0,0111 MJ. Kg'l;

» la sortatorul de plante taiate s-au constatat urmatoarele:

- functioneaza bine pentru reglarea inclinarii sitelor
pentru unghiul de 13°20’, iar unghiul de inclinare al
electrovibratoarelor reglat la valoarea de 16°54';

- gradul de sortare pe dimensiuni (conform rezultatelor
prezentate in tabelul 1) pentru aceeasi plantd creste
odata cu cresterea lungimii reale de taiere (reglata initial);

- consumul specific de energie electrica a fost cuprins
ntre 0,009 +0,0135 MJ.kg™.

= la percolator, s-au constatat urmatoarele:
timpul de extractie a principiilor active: 3600 s;

- presiunea de percolare: 3 10° Pa;

- umiditatea medie a probelor supuse extractiei:
5+8,75%;

- gradul de extractie a principiilor active din plante a
fost cuprins intre 15 + 24%;

- consumul specific de energie electrica (inclusiv al
compresorului de aer) a fost cuprins intre
0,0738+40,99 MJ. kg™.

Linia de prelucrare primara si extragere a principiilor
active din plantele medicinale si aromatice se poate utiliza
pentru obtinerea de ceaiuri (pliculete sau pungi), de esente
(pentru a fi introduse in diferite concentratii in retete de
alimente si medicamente), sucuri, ceaiuri, etc.
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Abstract: This paper presents the experimental
investigations on the dynamics and energetics of tractor
for slopes (4x4) and frontal mowers aggregates. The first
part describes the components of the unit under study,
type and location of transducers on the system
components and how to purchase and storage of data. In
the second part is presented the tests results on the basis
of which conclusions were drawn on the dynamic behavior
and energy for the slopes tractor unit (4x4) - front mowers:
actual working speed of 0.6+2.034 m/s (2.16 and 7.32km /
h, so the actual capacity of 0.393+1.317 ha/h, specific fuel
consumption by 2.995-9.186 I/ha, the driving force of
12264640 N, total drive power 377310969 W, the
power required for driving by PTO of the cutting device is
27654988 W, the power required for defeating the slope
is 02749 W, the power necessary for running the tractor
is 4102353 W, the maximum slope of this line slope 20 and
the curve at 18°

Keywords: aggregate, dynamics, energy, front mower,
tractor for slopes (4x4)

INTRODUCTION

Mechanization of fodder harvesting from pastures
located on slopes is particularly important to perform in a
short time and top quality of operations within the
technology of feedingstuffs preparation for the reduction of
labor necessary and physical effort [1], [2], [5]-

For mowing of fodder from the grassland located on
slopes of the hilly and mountainous area are used classical
mowers operated by regular tractors on wheels (4x2) on
slopes up to 9° (16%) or operated by tractors on wheels
(4x4) on slopes up to 14° (25%), classical mowers operated
by special tractors on wheels on slope up to 20° (36%),
respectively special self-propelled mowing machines on
slopes (motormowers with one or two axes) up to 30° (58%)
3], [4].

In order of mechanization of the work of fodder mowing
on slopes the authors conceived and realised an aggregate
composed of tractor for slopes (4x4) TPl 20 and a front
double knife mower [3], [4].

This paper summarizes the experimental investigation
of the dynamics and energetics of aggregates tractor for
slope (4x4) - frontal mower, which allowed the establishment of
dynamic, energetic and operating parameters for this type of
aggregate, to develop some solutions for construction,
formation and the use of systems tractor for slopes (4x4) -
agricultural equipments frontal carried.

MATERIALS AND METHOD

For experimental research was used the tractor for
slopes TPI 20 in aggregate with a frontal mower with double
knife designed and constructed by authors. The main
technical characteristics of this aggregate are presented as
follows.

For the tractor for slopes TPI 20: Diesel engine power is
14.7 kW (20 hp), gears number is 12 (8 forward, 4 reverse),
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Rezumat: In aceastd lucrare sunt prezentate investigatiile
experimentale privind dinamica si energetica agregatelor
tractor pentru pante (4x4) si cositoare frontald. Tn prima parte
sunt descrise pértile componente ale agregatului luat in studiu,
tipul si modul de amplasare a traductoarelor pe componentele
sistemului $i modul de achizitionare gi stocare a datelor. in
partea doua a lucrérii sunt prezentate rezultatele obtinute in
urma incercarilor efectuate, pe baza carora s-au elaborat concluzii
privind comportarea dinamicd si energeticd a agregatului
tractor pentru pante (4x4) - cositoare frontala: viteze reale de
lucru de 0,6+2,034 m/s (2,16 si 7,32 knmvh, capacitate de lucru
efectiva de 0,393+1,317 ha/h, consumul specific de combustibil
de 2,995-9,186 l/ha, forfa motoare de 1226-4640 N, puterea
motoare totald de 3773+10969 W, puterea necesard actiondarii
prin priza de putere a aparatului de taiere de 2765+4988 W,
puterea necesara invingerii pantei de 0+2749 W, puterea
necesara rularii tractorului de 410+2353 W, panta maximéa
de lucru pe linia de panté de 20°, iar pe curba de nivel de 18°

Cuvinte cheie: agregat, cositoare frontald, dinamica,
energetica, tractor pentru pante (4x4)

INTRODUCERE

Mecanizarea lucrarilor de recoltare a furajelor de pe
fanetele situate pe pante are o importantd deosebitd pentru
efectuarea in timp scurt si de calitate superioara a operatiilor
din cadrul tehnologiei de pregatire a furajelor, pentru reducerea
necesarului de forta de munca si efort fizic [1], [2], [5].

Pentru cosirea furajelor de pe fanetele situate in panta
din zona colinara si montana se folosesc cositori clasice
actionate cu tractoare pe roti obignuite (4x2) pe pante de
pana la 9° (16%) sau actionate cu tractoare pe roti (4x4) pe
pante pana la 14° (25%), cositori clasice actionate cu
tractoare speciale pe panta pana la 20° (36%), respectiv
masini autopropulsate speciale pentru cosit pe terenuri in
panta (motocositori cu una sau doua axe) pana la 30° (58%)
(31, [4]-

in vederea mecanizérii lucrarii de cosire a furajelor pe
terenuri in panta autorii au conceput si realizat un agregat
format din tractorul pentru pante (4x4) TPI 20 si o cositoare
frontala cu dublu cutit [3], [4].

Lucrarea de fatd prezintd o sintezd a investigarii
experimentale a dinamicii si energeticii agregatelor tractor
pentru panta (4x4) — cositoare frontala, care a permis
stabilirea parametrilor dinamici, energetici si de exploatare a
acestui tip de agregat in vederea elaborarii unor solutii
privind constructia, formarea si utilizarea sistemelor tractor
pentru panta (4x4) — utilaje agricole purtate frontal.

MATERIALE SI METODA
Pentru cercetarile experimentale s-a utilizat tractorul
pentru pante TPl 20 in agregat cu o cositoare frontala cu
dublu cutit proiectatd si construitd de autori. Principalele
caracteristici tehnice ale acestui agregat sunt prezentate in
continuare.
Pentru tractorul pentru pante TPl 20: puterea motorului
Diesel de 14,7 kW (20 CP), numarul treptelor de viteza 12
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speed range is 1.49:22.44 km/h forward, respectively
1.93+5.73 km/h in reverse, the direction is on the rear axle,
frontal PTO have the speed of 540 rev/min, the mechanism
of suspension is three-point of category 1N frontal placed,
the minimum ground clearance 340 mm, unballasted tractor
mass 988 kg.

The technical characteristics of the frontal mower are as
follow: double knife cutting device with oscillating pressing
arms, working width 1.87 m, cutting height of 25 mm, stroke
knives40 mm, the number of double races of the knife at the
PTO speed of 540 rev / min is of 1080 double races / min,
the mass of the machine is 116 kg.

Through experimental investigations were determined a
number of parameters such as: the space covered and the
actual speed of the aggregate working on different slopes,
the torsional moments transmitted at the the front wheels of
the tractor, vertical and horizontal forces at the the front
wheels of the tractor, the torque transmitted to the drive axle
from the rear side, the torque transmitted through the PTO
to the mower, the angular speed of the PTO driving the
mower, the mower resistance to displacement. For making
the experimental investigations were devised, developed,
tested and calibrated a number of transducers which were
placed on the components of the aggregate consisting of
the tractor for slopes (4x4) and the frontal mower, according
to the scheme in Figure 1. Measuring devices with
tensometric marks mounted on the hubs 1 ensures the
measurement and recording of changes in torsion moments
transmitted to the front driving wheels as well the normal
and lateral reactions on the ground of these. Pulse
transducers 2 ensures determining angular velocities of
driving front wheels. The device with tensometric marks 3
allows the determination and recording of torque transmitted
to the rear driving axle assembly by the driving shaft as well
as the angular velocity of it. Using the device with
tensometric marks 4 is determine and record the torque the
torque transmitted through the PTO shaft and angular
velocity of it. Measuring the volume of fuel consumed during
the tests are done using the consumer device 5. Measuring
the volume of fuel consumed during the tests are done
using the consumer device 5. The additional wheel 6 allows
the measurement of the real speed and space of aggregate
movement and the dynamometric frame 7 mounted
between the three-point linkage of the tractor and mower
coupling bar, allows the determination of resistance to
displacement of the mower. To measure the parameters
mentioned above were coupled the transducers and
measuring devices with tensometric bridges with six channels
N 2302 of Romanian manufacture. The links were made with
cables type Hottinger each of 6.5 m (special for
Tensometry) which were conducted to the mobile laboratory
located into a land car. In the mobile laboratory were placed
two tensometric bridges with a battery power supply of 12 V
and 150 Ah.

During the measurements it has been used a LAPTOP
computer endowed with acquisition board. Experimental
data were recorded on magnetic disks, following then to be
processed.

Working conditions in which were made the tests are
presented in Table 1. On the natural meadow llI-nd mown
were performed 8 samples of which: two to mowing on the
slope line (climb) - one for each of the gears Ill L and IV L,
two to mowing on the level curve - one for each of the gears
Il L and IV L, two to no load displacement on the slope line
(climb) with the mower in transportation position - one for
each of the gears Ill L and IVL and two to no load
displacement on the level curve with the mower in
transportation position - one for each of the gears Ill L and
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(8 mers Tnainte, 4 mers Tnapoi), gama de viteze 1,49+22,44
km/h la mers inainte, respectiv 1,93+5,73 km/h la mers
Tnapoi, directia pe puntea spate, priza de putere frontala cu
turatia de 540 rot/min, mecanism de suspendare in ftrei
puncte de categoria 1N amplasat frontal, garda minima la
sol 340 mm, masa tractorului nelestat 988 kg.

Caracteristicile tehnice ale cositorii frontale sunt: aparat
de taiere cu dublu cutit cu brate de apasare oscilante,
latimea de lucru de 1,87m, inaltimea minima de taiere 25
mm, cursa cutitelor de 40 mm, numarul curselor duble ale
cutitului la turatia prizei de 540 rot/min este de 1080 cd/min,
masa maginii este de 116 kg.

Prin investigarea experimentala s-au determinat o serie
de parametri precum: spatiul parcurs si viteza reala a
agregatului in lucru pe diferite pante, momentele de torsiune
transmise la rotile din fata ale tractorului, vitezele unghiulare
ale rotilor din fatd ale tractorului, fortele verticale si
orizontale la rotile din fatéd ale tractorului, momentul de
torsiune transmis puntii motoare din spate, momentul de
torsiune transmis prin priza de putere cositorii, viteza
unghiulara a prizei de putere de actionare a cositorii,
rezistenta la deplasare a cositorii. Pentru efectuarea
investigatiilor experimentale s-au conceput, realizat, testat si
etalonat o serie de traductoare care s-au amplasat pe
elementele componente ale agregatului format din tractorul
pentru pante (4x4) si cositoare frontala, conform schemei
din figura 1. Dispozitivele de masurare cu marci tensometrice
montate pe butucii 1 asigura masurarea si inregistrarea
variatiei momentelor de torsiune transmise la rotile motoare
din fata precum si a reactiunilor normale si laterale pe sol a
acestora. Traductoarele de impulsuri 2 asigura determinarea
vitezelor unghiulare ale rotilor motoare din fata. Dispozitivul
cu marci tensometrice 3 permite determinarea si inregistrarea
momentului de torsiune transmis ansamblului puntii motoare
din spate de arborele de antrenare precum si a vitezei
unghiulare a acestuia. Cu ajutorul dispozitivului cu marci
tensometrice 4 se determina si Inregistreaza momentul de
torsiune transmis prin arborele prizei de putere precum si
viteza unghiulara a acestuia. Masurarea volumului de
combustibil consumat in timpul Tncercarilor se face folosind
aparatul de consum 5. Roata suplimentara 6 permite masurarea
spatiului i vitezei reale de deplasare a agregatului iar rama
dinamometrica 7 montata intre mecanismul de suspendare
in trei puncte al tractorului si bara de cuplare la cositoare,
permite determinarea rezistentei la deplasare a cositorii. Tn
vederea masurarii parametrilor mentionati anterior s-au
cuplat captoarele si dispozitivele de masurare cu puntile
tensometrice cu sase canale N 2302 de fabricatie romaneasca.
Legaturile s-au facut cu cabluri de tip Hottinger de cate 6,5
m lungime (speciale pentru tensometrie) care au fost
conduse spre laboratorul mobil dispus ntr-un autoturism de
teren. Tn laboratorul mobil s-au asezat doud punti
tensometrice cu surse de alimentare la un acumulator de 12
V si 150 Ah.

in timpul masuratorilor s-a dispus de un calculator
LAPTOP dotat cu placa de achizitie. Datele experimentale
s-au inregistrat pe diskete magnetice, urmand apoi a fi
prelucrate.

Conditile de lucru in care s-au facut incercarile sunt
prezentate in tabelul 1. Pe faneata naturala coasa Il-a s-au
efectuat 8 probe din care: doua la cosit pe linia de panta
(urcare) - cate una pentru fiecare din vitezele Ill L si IV L,
doua la cosit pe curba de nivel - cate una pentru fiecare din
vitezele IlIL si IVL, doua la deplasarea in gol pe linia de
panta (urcare) cu cositoarea in pozitie de transport — cate
una pentru fiecare din vitezele Il L si IVL si doua la
deplasarea in gol pe curba de nivel cu cositoarea in pozitie
de transport — cate una pentru fiecare din vitezele Il L si IV
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Fig. 1 - Location scheme on aggregate of transducers /
Schema de amplasare pe agregat a traductoarelor

Table 1/ Tabelul 1

Conditions during testing the aggregate tractor for slopes (4x4) — front mower /
Conditiile din timpul incercarilor agregatului tractor pentru pante (4x4) - cositoare frontala

Harvested culture / Cultura recoltata

recoltare

Name / Denumirea Natural grassland / Sown grassland / Alfalfa /
Féneata naturala Faneata semanata Lucerna
Year of culture / . .
Anul de culturd - Il-rd / Trei Il-rd / Trei
Harvesting cycle / Il-nd / Al doilea I-st/ Primul II-nd / Al doilea ll-nd / Al doilea
Ciclul de recoltare
Terrain slope / 0 420; 150 g0 0 0 30.7.2°/ 0, 0
Panta terenului 12°...157/12"...15 727172 30.7.2° 0°/0
Type of soil / Brown molic Chernozem leachate / Cernoziomic Typical alluvial /
Tipul de sol / Brun molic levigat Aluvial tipic
Plant moisture at harvest /
Umiditatea plantelor la 76.6% / 76,6% 73.4% | 73,4% 79.2% 1/ 79,2% 82% / 82%

The average height of the
field / Inaltimea medie a
lanului

31.4/31,4[cm]

94.2 /94,2 [cm]

68.3 /68,3 [cm] 76.4 /76,4 [cm]

The average height of plants

| Inéltimea medie a plantelor 35.4/35,4 [cm]

102.4/102,4

o] 72.4172,4 [cm]

82.4 /82,4 [cm]

Production of green mass /

Productia de masa verde 8.2/8,2[tha]

15.4 1 15,4 [t/ha]

16.5/16,5 [tha] 16.2/16,2 [tha]

Agrostis tenuis: 27%
Dactylis glomerata: 18%
Poa pratensis: 15%
Festuca rubra: 10%
Phleum pratense: 6%
Antoxantum odoratum:5%
Trifolium repens: 5%
Trifolium pratense: 3%
Achillea millefolium: 5%
Taraxacum officinale: 2%
Other species / alte specii:4%

Floristic composition /
Compozitia floristica

Dactylis glomerata: 32%;
Lotus corniculatus: 23%;

Festuca pratensis: 14%;
Lolium perenne: 12%;
Phleum pratense: 9%;

Medicago sativa: 73%
Lotus corniculatus: 23%
Other species / Alte specii: 4%

Trifolium repens: 1.5%
Other species / alte specii: 8.5%

IV L. On the sown meadow I-st mown 8 samples were
made, of which: three to mowing on the slope line (climb)
- one for each of the gears Il L , IV L and | R, one with
operating in empty of the mower (to stationary), two of
movement on the slope line (climb) with the mower non-
driven supported on the mown stubble - one for each of
the gears Ill L and IV L, two for no load displacement on
the slope line (climb) with the mower in transportation
position - one for each of the gears Ill L and IV L. In the
case of sown grassland mown II-nd have made a number
of 9 tests of which: four at mowing on the level curve - one
for each of the gears Ill L and | R and two for speed IV L,
three to displacement on the level curve with the mower

L. Pe faneata semanata coasa l-a s-au efectuat 8 probe,
din care: trei la cosit pe linia de panta (urcare) — cate una
pentru fiecare din vitezele Ill L, IV L si | R, una cu
antrenarea in gol a cositorii (la stationar), doua de
deplasare pe linia de panta (urcare) cu cositoarea
neactionata sprijinitda pe mirigtea cosita — cate una pentru
fiecare din vitezele Ill L si IV L, doua de deplasare in gol
pe linia de pantd (urcare) cu cositoarea in pozitie de
transport — cate una pentru fiecare din vitezele Ill L si IV L.
In cazul faneti semanate coasa ll-a s-au efectuat un
numar de 9 probe din care: patru la cosit pe curba de nivel
— cate una pentru fiecare din vitezele Ill L si | R si doua
pentru viteza IV L, trei la deplasare pe curba de nivel cu
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non operated backed on the mown stubble - one for each
of the gears Il L , IV L and | R, two of no load
displacement on the level curve with the mower in
transportation position - one for each of the gears Il L and
I R. At alfalfa 1l-nd mown were made a number of 12 tests
of which: four at mowing - one for each of the gears Il L,
IVL,IRandIll R, four with the non powered mower
displacement backed on the mowed stubble - one for
each of the gears lll L, IV L, | R and Il R, four at empty
displacement with the mower in transportation position -
one for each ofgears llI L, IVL, IR and Il R.

RESULTS

The exploitation test results are presented in Table 2.
Analyzing the results obtained can be seen that: the real
working width has values between 1.79 and 1.83 m;
cutting average height is between 3.52 and 4.74 cm; real
working speeds have values between 0.62 and 1.067 m /s
(2.24 and 3.84 km / h) at harvest of natural meadow,
between 0.6 and 1.71 m / s (2.16 and 6.16 km / h) to
harvest of sown meadow and between 0.64 and 2.034 m / s
(2.32 and 7.32 km / h) at alfalfa harvesting; the effective
working capacity has values between 0.393 and 1.115 ha
/ h at harvesting of sown meadow, between 0.407 and
0.687 ha / h at harvesting of natural meadow and between
0.429 and 1.317 ha / h at harvesting of alfalfa; specific fuel
consumption is between 3.296 and 9.125 | / ha at
harvesting of sown meadow, between 5.331 and 9.186 | /
ha at harvesting of natural grassland and between 2.995
and 8.004 | / ha at harvesting.

INMATEH - icultural

cositoarea neactionata sprijinitd pe mirigstea cosita — cate
una pentru fiecare din vitezele lll L , IV L si | R, doua de
deplasare in gol pe curba de nivel cu cositoarea in pozitie
de transport — cate una pentru fiecare din vitezele Ill L si |
R. La lucerna coasa doua s-au efectuat un numar de 12
probe din care: patru la cosit — cate una pentru fiecare din
vitezele Il L, IV L, I R si Il R, patru la deplasarea cu
cositoarea neactionata sprijinitd pe miristea costitd — cate
una pentru fiecare din vitezele IlIL, IVL, IR si lIR, patru la
deplasarea in gol cu cositoarea in pozitie de transport —
cite una pentru fiecare din vitezele lll L, IVL, IR si Il R.

REZULTATE

Rezultatele incercarilor de exploatare sunt prezentate
in tabelul 2. Analizdnd rezultatele obtinute se poate
constata ca: latimea reala de lucru are valori cuprinse intre
1,79 si 1,83 m; indltimea medie de taiere are valori
cuprinse intre 3,52 si 4,74 cm; vitezele reale de lucru au
valori cuprinse intre 0,62 si 1,067 m/s (2,24 si 3,84 km/h)
la recoltat faneata naturala, intre 0,6 si 1,71 m/s (2,16 si
6,16 km/h) la recoltat faneatd semanata si intre 0,64 si
2,034 m/s (2,32 si 7,32 km/h) la recoltat lucerng;
capacitatea de lucru efectiva are valori cuprinse intre 0,393
si 1,115 ha /h la recoltat faneatd semanata, intre 0,407 si
0,687 ha/h la recoltat faneata naturala si intre 0,429 si
1,317 ha/h la recoltat lucerna; consumul specific de
combustibil are valori cuprinse intre 3,296 si 9,125 I/ha la
recoltat faneatd semanata, intre 5,331 si 9,186 I/ha la
recoltat faneata naturald si intre 2,995 si 8,004 I/ha la
recoltat lucerna.

Table 2 / Tabelul 2

Operational test results / Rezultatele incercarilor de exploatare

Value obtained at harvest work / Valoarea obtinuta la recoltat
Natural grassland Sown grassland falfa /L <
e | Faneata naturala | Faneata semanata Alfalfa/Lucerna
Spemﬂ'c.atlo.n Houmi ll-nd mow / coasa a ll-a ]
Specificatie MU on line slope/ | on level curve/ I-st mow / II-nd mow / II-nd mow /
pe linia pe curba coasa | coasaa ll-a coasaa ll-a
de panta de nivel
Working speed 0.62/ 1.05/ | 0.636/ | 1.067/ | 0.6/ |1.034/| 1.62/ | 0.61/ | 1.06/ | 1.71/ | 0.64/ | 1.095/ | 1.8/ | 2.034/
/ Viteza de m/s 0,62 1,05 0,636 | 1,067 0,6 |1034 | 162 | 0,61 | 1,06 1,71 0,64 | 1,095 1,8 2,034
luera [km/h] | [2.24/ | [3.78/ | [2.29/ | [3.84/ | [2.16/ | [3.72/ | [5.82/ | [2.20/ | [3.81/ | [6.16/ | [2.32/ | [3.94/ | [6.48/ | [7.32/
2,24] | 378] | 2,29] | 384] | 2,16] | 3,72] | 5,82] | 2,20] | 3,81] | 6,16] | 2,32] | 3,94] | 6,48] | 7,32]
Cutting height
of plants / 3.92/ | 421/ | 3.98 | 427/ | 352/ | 3.94/ | 407/ | 3.74/ | 3.91/ | 4.19/ | 412/ | 4.34/ | 452/ | 474/
téiere a 3,92 4,21 3,98 4,27 3,52 3,94 4,07 3,74 3,91 4,19 4,12 4,34 4,52 4,74
plantelor
(Realworking || 182/ | 180/ | 1.8/ | 179/ | 182 | 181/ | 1.80/ | 1.83/ | 183/ | 181 | 1.85/ | 184/ | 182 | 180/
< : 1,82 1,80 1,81 1,79 1,82 1,81 1,80 1,83 1,83 1,81 1,85 1,84 1,82 1,80
reala de lucru
The actual
working
capacity / ha/h 0.407/ | 0.68/ | 0.414/ | 0.687/ | 0.394/ | 0.673/ | 1.047/ | 0.402/ | 0.697/ | 1.115/ | 0.429/ | 0.725/ | 1.179/ | 1.317/
Capacitatea 0,407 0,68 0,414 | 0,687 | 0,394 | 0,673 | 1,047 | 0,402 | 0,697 | 1,115 | 0,429 | 0,725 | 1,179 | 1,317
efectiva de
lucru
Specific fuel
CO”CSCL)‘Q;E?T?”’ Uha | 9186/ | 5.984/ | 8539/ | 5.331/ | 9.124/ | 5.555/ | 3.668/ | 8.668/ | 5.127/ | 3.296/ | 8.004/ | 4.877/ | 3.151/ | 2.955/
specific de 9,186 | 5,984 | 8,539 | 5,331 | 9,124 | 5,555 | 3,668 | 8,668 | 5,127 | 3,296 | 8,004 | 4,877 | 3,151 | 2,955
combustibil

of alfalfa; optimal working speeds are between 1 and 1.8 m /
s (3.6 and 6.48 km / h) at harvesting sown and natural
meadow located on slope respectively between 1.6 and 2.1
m /s (5.76 and 7.56 km / h) at alfalfa harvesting.

By computerized processing using MATLAB program, of
the data collected under experimental investigation have
resulted average sizes characterizing the dynamics and
energetics in work of the aggregate tractor for slopes (4x4) -

vitezele optime de lucru sunt cuprinse intre 1 si 1,8 m/s (3,6
si 6,48 km/h) la recoltat faneata semanata si naturala situata
pe panta respectiv intre 1,6 si 2,1 m/s (5,76 si 7,56 km/h) la
recoltat lucerna.

Prin prelucrare computerizata,
MATLAB, a datelor inregistrate prin investigarea
experimentala au rezultat marimile medii care
caracterizeaza dinamica si energetica in lucru a agregatului

utilizdnd programul
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frontal mowing machine. The large number of tests carried
out under various conditions allowed experimental
determinations and of other sizes as: tractor rolling
resistance; resistance to displacement in working of the
mower; resistance to friction between the skates and ground;
forwarding resistence for cutting plants. The resulting data are
presented in Table 3. Analyzing the results it is found that: real
working speed of the aggregate ranged between 0.439 and
2.01 m/ s; skating values were located within the allowable
limits (less than 15%), gradually increasing with slope of the
ground and working speed; the driving force has had values
between 1226 and 4640 N, resulting in minimum values in
harvesting alfalfa on the horizontal field and maximum values at
harvesting natural grassland located on the maximum slope on
which the tests were made; for identical working conditions,
the driving force increases with working speed; the rolling
resistance force increases with the speed due to larger
deformation of the tires at increase of of working speed; for
the same gear, the cutting and tilt force of plants vary
depending on the culture to be harvested, on the mass
production of green mass, on the mode of movement in the
work of the aggregate and on harvest cycle; for identical
working conditions, the cutting and inclination force of the
plants increases with the working speed; the cutting and
inclination force of the plants ranged between 180 and 347 N.

The results concerning measurements on the normal and
lateral reactions on the front driving wheels of the aggregate
revealed average values whose deviations from those
calculated analytically are within the admissible limits of the
working conditions of £10%.

Using the data contained in Table 3 were analytically
determined the balance of power components of the tractor
aggregate for slopes (4x4) - frontal mower, listed in Table 4.
Analyzing the obtained balance of power results can be
seen that: the total driving power has values between 3773
and 10,969 W; the power required to drive through the PTO
of the cutting device has a range between 2765 and 4988
W; the power lost in transmission has values range between
257 and 1871 W; the power required to defeat the slope has
values ranged between 0 and 2749 W; the power required for
running the tractor has values ranged between 410 and 2353
W; the power required for mower movement in operation
has values ranged between 116 and 818 W; the power lost
due to slip has values ranged between 12.3 and 380.5 W.

CONCLUSIONS

Based on the results obtained in experimental investigations
results that: the total driving power has values between 3773
and 10,969 W which represents a total power load of the engine
ranging between 25.65 and 74.52%; for working speeds close as
value, the smallest values of total driving power were obtained at
working on the level curve and on horizontal land and the highest
values, at maximum slope line working (24%); the power
required to drive the cutting device by the PTO has values
ranged between 2765 and 4988 W, which represents
between 43.12 and 81.67% of total driving power; for the
same working conditions, the power required to drive
through the PTO of the cutting device increases with the
working speed; the specific power required to drive
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tractor pentru pante (4x4) — cositoare frontald. Numarul
mare de probe efectuate in conditi variate au permis
determinarea experimentala si a altor marimi cum sunt:
rezistenta la rulare a tractorului; rezistenta la deplasare in
lucru a cositorii; rezistenta la frecare dintre patine si sol;
rezistenta la finaintare pentru taierea plantelor. Datele
rezultate sunt prezentate in tabelul 3. Analizand rezultatele
se constata ca: viteza reala de lucru a agregatului s-a situat
intre 0,439 si 2,01 m/s; valorile patinarilor s-au situat n
limitele admisibile (sub 15%), crescand progresiv cu panta
terenului si cu viteza de lucru; forta motoare a avut valori
cuprinse intre 1226 si 4640 N, obtinandu-se valori minime la
recoltatul lucernei pe teren orizontal si valori maxime la
recoltat faneata naturala situaté pe panta maxima pe care s-
au facut probe; pentru conditii identice de lucru, forta
motoare cregte odata cu viteza de lucru; forta de rezistenta
la rulare creste odata cu viteza datorita deformarii mai mari
a pneurilor la majorarea vitezelor de lucru; pentru aceeasi
treapta de viteza, forta de taiere si de inclinare a plantelor
difera in functie de cultura care se recolteaza, de productia
de masa verde, de modul de deplasare in lucru al
agregatului si de ciclul de recoltare; pentru conditii identice
de lucru, forta de taiere si de inclinare a plantelor la taiere
creste odata cu viteza de lucru; forta de taiere si inclinare a
plantelor la taiere a avut valori cuprinse intre 180 si 347 N.

Rezultatele privind masuratorile reactiunilor normale gi
laterale pe rotile motoare din fata ale agregatului au scos
in evidenta valori medii ale caror abateri fata de cele
calculate analitic sunt in limitele admisibile conditiilor de
lucru, de +10%.

Folosind datele cuprinse in tabelul 3 s-au determinat
analitic componentele bilantului de putere al agregatului
tractor pentru pante (4x4) — cositoare frontala, trecute in
tabelul 4. Analizand rezultatele bilantului de putere obtinut
se poate constata ca: puterea motoare totala are valori
cuprinse intre 3773 si 10969 W; puterea necesara actionarii
prin priza de putere a aparatului de taiere are valori cuprinse
intre 2765 si 4988 W; puterea pierduta in transmisie are
valori cuprinse intre 257 si 1871 W, puterea necesara
invingerii pantei are valori cuprinse intre 0 si 2749 W;
puterea necesara rularii tractorului are valori cuprinse intre
410 si 2353 W; puterea necesara deplasarii in lucru a
cositorii are valori cuprinse intre 116 si 818 W; puterea
pierduta datorita patinarii are valori cuprinse intre 12,3 si
380,5W.

CONCLUzII

Pe baza rezultatelor obtinute in cadrul investigarilor
experimentale rezultd ca: puterea motoare totala are valori
cuprinse intre 3773 si 10969 W ceea ce reprezinta o incarcare a
puterii totale a motorului cuprinsa intre 25,65 si 74,52%; pentru
viteze de lucru apropiate ca valoare, cele mai mici valori ale
puterii motoare totale s-au obtinut la lucrul pe curba de nivel si pe
teren orizontal iar cele mai mari valori, la lucru pe linia cu panta
maxima (de 24%); puterea necesara actiondrii prin priza de
putere a aparatului de taiere are valori cuprinse intre 2765 si
4988 W, ceea ce reprezinta intre 43,12 si 81,67% din
puterea motoare totald; pentru aceleasi conditii de lucru,
puterea necesara actionarii prin priza de putere a aparatului
de taiere creste odata cu viteza de lucru; puterea specifica

Table 3/ Tabelul 3

The results of the aggregate balance of tractor for slopes (4x4) — front mower aggregate /
Rezultatele privind bilantul de tractiune al agregatului tractor pentru pante (4x4) — cositoare frontala

Value obtained at harvest work / Valoarea obtinuta la recoltat

Natural grassland /

UM / Faneata naturala

Specification /

Alfalfa /
Lucerna

Sown grassland /
Faneata semanata

Specificatie II-nd mow, a=24% / coasa a ll-a,

a=24%

l-st mow a=11%/
coasal, a=11%

ll-nd mow, a.=8%,
o,=4,5% / coasa a ll-a,

II-nd mow, a=0 % /
coasa a ll-a, a=0%
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tuzal

Speed no. /

No. /

Line slope/
pe linia
de panta

level curve/ pe
curba
de nivel

pe linia
de panta

Line slope/

a,=8%, a=4,5%

Viteza nr.
Theoretical

nr.

e/ vV L/
IL IVL

-/ vV L/
L IVL

e/ v
1L

IVL

L/

e/
L

IV L/
VL

IR/
IR

e/
1L

\VAw,
IVL

IR/
IR

IR/
IR

teoreticd
Working real

speed / Viteza

m/s/
m/s

0.486/| 0.941/
0,486 | 0,941

0.46/ | 0.677
0,46

0,677

/| 0.454/
0,454

0.873/
0,873

0.86

0,862

2/) 0.757 /

0,757

1.473/
1,473

0.491/
0,491

0.77/
0,77

1.871/

212/

1,871 | 2,12

speed / Viteza
reald de lucru
Total sliding /

m/s/
m/s

0.45/
0,45

0.859/
0,859

0.439/
0,439

0.639
0,639

/|0.439/
0,439

0.841/
0,841

0.85/
0,85

0.74/
0,74

1.403/
1,403

0

0,478

4781

0.745/
0,745

1.80/

2.01/

1,80 | 2,01

Patinarea
totala
Motive force /

%

741
7,4

8.72/
8,72

457/
4,57

5.61/
5,61

3.3/
3,3

3.66/
3,66

1.4
1,4

/| 223/
2,23

4.75/
4,75

2.65/
2,65

3.25/
3,25

3.79/

5.19/

3,79 | 5,49

Forta motoare
Rolling

4590 4640

1533 1610

2815

2989

2087

2119

2150

1226

12

32

1344

1585

resistance of
tractor /
Rezistenta la
rulare a
tractorului
Friction

985 997

1213 1235

935

996

1160

1174

1186

984

955

1030

1176

resistance of

skids with the
ground /

Rezistenta la
frecare a

patinelor cu
solul

Advance

65 65

83 87

67 71

77

85 88

59

62

65 69

rezistance for
cutting of plants
/ Rezistenta la
Tnaintare
pentru tdierea
plantelor
Resistance to

180 218

237 289

238 347

202

213 229

183

215

249/

340

travel working of
mower /
Rezistenta la
deplasare in
lucru a cositorii
Resultant slope

245 283

320 376

305 418

279

298 317

242

277

314

409

/ Rezultanta

pantei, (G-sina)

3360

3360

1575 1575

647

647 647

through the PTO of a meter of working width of cutting
device varies between 1478.6 and 2667.38 W / m; the
power lost inside the transmission has values ranged
between 257 and 1871 W; the power required to defeat the
slope has values ranged between 0 and 2749 W, which

Power balance components of system tractor of slopes (4x4) — front mower /
Componentele bilantului de putere a sistemului tractor pentru pante (4x4) — cositoare frontala

necesara pentru actionarea prin priza de putere a unui
metru liniar din I&timea de lucru a aparatului de taiere
variaza intre 1478,6 si 2667,38 W/m; puterea pierduta in
transmisie are valori cuprinse intre 257 si 1871 W; puterea
necesara invingerii pantei are valori cuprinse intre 0 si 2749

Table 4 / Tabelul 4

Value obtained at harvest work / Valoarea obtinuta la recoltat

Natural grassland / Fédneata

« Sown grassland / Fadneata semanata Alfalfa / Lucerna
naturala ¥
e ) 540 I-st mow a=11%
4 ' o=11% o=4,5% / II-nd mow, a=0 % /
Line slope/ Level curve/ pe| Line slope/ coasa a ll-a, &,=8%, coasa a ll-a, a=0%
pe linia curba pe linia a=4,5%
de panta de nivel de panta
Speed no. / No. e/ vV L/ 1L/ vV L/ e/ IV L/ 1L/ IV L/ IR/ me/| vu IR/ IR/
Viteza nr. /nr. 1L IVL 1L IVL 1L IVL 111L IVL IR 1L IVL IR IIR
Power
consumption at
driving through the
PTO / Puterea W 3899 4730 2765 | 3151 | 2988 | 3593 | 3136 | 3675 | 4286 | 3823 | 3830 | 4882 | 4988
consumata la
actionare prin PP
Power lost in W | 956 | 1871 | 302 | 470 | 548 | 1127 | 497 | 783 | 1358 | 257 | 407 | 1077 | 1441
transmission /
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Puterea pierduta
n transmisie

Power
consumption to

overcome slope / W 1453 2749 0 0 635

Puterea necesara
invingerii pantei

1218 321 497 823 0 0 0 0

The power to
move the tractor /
Puterea
consumata pentru
deplasarea
tractorului

W 447 857 534 778 410

837 636 995 1666 472 716 | 1855 | 2353

Power
consumption to
overcome drag

forces of mower /
Puterea

consumatéa pentru 184 381 141 237 190

invingerea fortelor
de rezistenta la
naintare a
cositorii

459 187 304 530 116 208 564 818

Power lost in

sliding / Puterea 160.7/

patinarii

380.5/ | 30.7/ | 805/ | 422/
pierduta datorita 160,7 380,5 30,7 80,5 42,2

1484/

956/ | 16.7/ | 29.7/ 1484

95,6 16,7 29,7

123/ | 247/ | 941/ |190.3/
123 | 247 941 | 1903

Total power
required by
agreggate /
Puterea totala
necesara
agregatului

w 7100

10969 3773 4717 4813

7330 | 4794 6284 8811 | 4681 | 5186 | 8473 | 9791

represents between 0 and 25.06% of total driving power; the
power required for running the tractor has values ranged
between 410 and 2353 W; the power required for mower
movement in operation has values ranged between 116 and
818 W; the power required for movement in operation of the
mower differ depending on the working conditions, mode of
movement of the aggregate, the slope of the land and the
working speed; the specific power required for movement in
working of a meter from the mower width has values ranged
between 62 and 437.44 W / m; the power lost due to slip has
values ranged between 12.3 and 380.5 W.

From the computer analysis of static and dynamic stability
of the aggregate consisting of tractor for slopes (4x4) TPI 20
(with the maximum wheels track width of 1.4 m) and the frontal
mower have resulted maximum working slopes on the sloping
line of 20°, and on the level curve of 18°. By supplementary
equipping the tractor with double wheels on the the front
driving axle the working slope can be increased up to 22°.

Given that the slope on which attempted to

aggregate was only 13.5° (24%), to work the maximum
slope of 20° (36%), then it is clear that the powers of the
motor tractor of 14.72 kW, is insufficient.This is because
all components of power increased with increasing slope
work, the most significant increase recorded is the slope
defeating power required. Thus, when the unit works on
the line slope and the slopeincreased from 13.5° to 20°
increases the power required to defeating slope by 54%.
We appreciate that an increase in engine power to 20
kW is sufficient to cover increases in power, resulting in
this case a power reserve required for the aggregate
safely travel on the slopes.
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W, ceea ce reprezinta intre 0 si 25,06% din puterea
motoare totald; puterea necesara rularii tractorului are valori
cuprinse intre 410 si 2353 W; puterea necesara deplasarii
in lucru a cositorii are valori cuprinse intre 116 si 818 W;
puterea necesara deplasarii in lucru a cositorii diferd in
functie de conditile de lucru, de modul de deplasare al
agregatului, de panta terenului si de viteza de lucru; puterea
specificd necesara deplasarii in lucru a unui metru din
latimea de lucru a cositorii are valori cuprinse intre 62 si
437,44 W/m; puterea pierduta datorita patinarii are valori
cuprinse intre 12.3 si 380,5 W.

Din analiza computerizata a stabilitatii statice si dinamice
a agregatului format din tractorul pentru pante (4x4) TPI 20
(cu ecartamentul maxim al rotilor de 1,4 m) si cositoarea
frontala au rezultat pante maxime de lucru pe linia de panta
de 20° iar pe curba de nivel de 18° Prin echiparea
suplimentara a tractorului cu roti duble pe puntea motoare
fata panta de lucru se poate mari pana la 22°.

Tindnd seama, Tnsa, de faptul ca panta pe care s-a
incercat agregatul a fost de numai 13,5°(24%), pentru a
putea lucra pe panta maxima de 20°(36%), atunci rezulta clar
ca puterea actuala a motorului tractorului, de 14,72 kW, este
insuficienta. Aceasta deoarece toate componentele puterilor
cresc odata cu cresterea pantei de lucru, cresterea cea mai
importanta Tnregistrand-o puterea necesara invingerii pantei.
Astfel, cand agregatul lucreaza pe linia pantei si panta creste
de la 13,5° la 20° puterea necesara invingerii pantei creste cu
54%. Apreciem ca o crestere a puterii motorului la 20 kW este
suficienta pentru acoperirea cresterilor de putere, rezultand in
acest caz si o rezerva de putere strict necesara deplasarii in
siguranta pe pante a agregatului.
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Abstract: The paper addresses the analysis of a hydraulic
motor equipped with mechatronic control device, being a
subset of a complex mechatronic device existing in the
laboratory of INOE 2000-IHP Bucharest, which contains a
BOSCH servo motor, a load pump, a torque and rotational
speed transducer. The original aspects of this work consists in:
- development of simulation models in AMESim, specific
to the hydraulic servo motor and transmission;

- determining the behavior of a hydraulic servo motor of
adjustable capacity and front adjustment, equipped with a
configurable digital electronic module.

The paper also approaches the analysis of a
hydrostatic mechatronic system for recovery of kinetic
braking energy at the motor vehicle by creating a test
system for kinetic energy recovery systems, by simulating
the vehicle operating modes, braking and starting modes,
based on electrohydraulically driven equipment and
simulation and numerical modeling systems specific to
hydrostatic drives domain.

Simulations were performed using simulation software
package AMESIm. The results obtained are summarized in
graphical form. The results obtained from numerical
simulations of the operation of the experimental model of
device developed in the laboratory enables us to
appreciate that hydraulic drive installations allow the
possibility of conducting complex experiments to study
various phenomena that may occur in fluid power systems
with secondary adjustment and kinetic braking energy
recovery at motor vehicles.

Keywords: AMESIim, conversion, mechatronics, servo
motor.

INTRODUCTION

Large-scale integration, miniaturization, technology
of surface mounted components (SMT), made possible
for the electronic modules specific to sensors to be
integrated into their structure: on the other hand, using
new materials and technologies in developing actuators
allows for high performance at low volumes, they in turn
the operative mechanism contains both related sensors
with electronic for adjustment and actuators or
electromechanical converters and their drivers [1], [3],
[4], [7], [8].

It should be noted that the electronics of sensor and
the one of actuator can be equipped in turn with
microcontrollers with dedicated software implemented so
that the whole subsystem to become "intelligent." In this
case it can communicate directly with a process leader, or
other intelligent subsystems. Such mechatronic systems
with distributed intelligence become more widely spread.

Hydraulic adjustment devices are elements that allow
adjustment of specific parameters in industrial hydraulic
drive installations. Initially control of these devices was
done manually by means of mechanical elements [2], [5],
[6]. Subsequently mechanical control was replaced with
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Rezumat: Lucrarea abordeazd analiza unui motor hidraulic
echipat cu dispozitiv de reglare mecatronic, fiind un
subansamblu al unui dispozitiv complex mecatronic existent in
laboratorul INOE 2000-/HP Bucuresti, care contine un
servomotor BOSCH, o pompd de sarcind, traductor de
cuplu si de turatie. Aspectele originale ale lucrarii constau in:
- realizarea unor modele de simulare in AMESIm,
specifice servomotorului hidraulic si transmisiei;

- determinarea comportarii unui servomotor hidraulic de
capacitatea reglabild si reglare frontald, echipat cu un
modul electronic numeric configurabil.

Lucrarea abordeazd de asemenea analiza unui sistem
hidrostatic mecatronic pentru recuperarea energiei cinetice de
franare la autovehicul prin realizarea unui sistem de testare a
sistemelor de recuperare a energiei cinetice , prin simularea
regimurilor de lucru, de franare si demarare pentru
autovehicule, pe baza unor echipamente cu actionare
electrohidraulica si a unor sisteme de simulare si modelare
numerica specificd domeniului actionarilor hidrostatice.

Simularile au fost efectuate cu ajutorul pachetului de
programe de simulare AMESim. Rezultatele obtinute sunt
prezentate sintetic sub forméa grafica. Rezultatele obtinute
in urma simuldrilor numerice a functiondrii modelul
experimental al dispozitivului realizat in laborator ne permit
s& apreciem cd instalatiile de actionare hidraulicd ofera
posibilitatea efectudrii unor experimente complexe, pentru
studiul diverselor fenomene care pot sa apara in sistemele
de actionare hidraulicd cu reglare secundard si
recuperarea energie cinetice de franare la autovehicule.

Cuvinte cheie:
servomotor.

AMESim, conversie, mecatronica,

INTRODUCERE

Integrarea pe scara larga, miniaturizarea, tehnologia
componentelor montate pe suprafatd (SMT), au facut ca
modulele electronice specifice senzorilor sa poata fi integrate in
structura acestora: pe de altd parte folosirea la constructia
actuatoarelor de materiale si tehnologii noi, permit obtinerea de
performante ridicate la volum mic, acestea la randul lor au
fost integrate in structura mecanismului de executie. Astfel
mecanismul de executie contine atat senzorii aferenti impreuna
cu electronica de adaptare, cét si actuatoarele sau convertoarele
electromecanice si driverele acestora [1], [3], [4], [7], [8]-

Trebuie mentionat faptul ca electronica senzorului ca si
cea a actuatorului pot fi echipate la randul lor cu microcontrolere
avadnd implementat un soft dedicat, astfel incéat tot
subsistemul sa devina “inteligent’. Tn acest caz el poate
comunica direct cu un conducator de proces, sau chiar cu
alte subsisteme inteligente. Astfel de sisteme mecatronice
cu inteligenta distribuitd capata o raspandire tot mai larga.

Aparatele de reglare hidraulice sunt elemente care permit
reglarea unor parametrii specifici in instalatile cu actionare
hidraulicd din domeniul industrial. Initial comanda acestor
aparate era efectuata manual prin intermediul unor elemente
mecanice [2], [5], [6]. Ulterior s-a Tnlocuit comanda
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devices powered electrically (electromechanical
converters); these devices required electronic blocks that
provided electric power at the required parameters
(voltage, current, etc.), and they were developed in the
form of equipment mounted in control panels or consoles
of installation.

The advantage of these systems consists in transferring
the command to the operative hydraulic element via
electric cable allowing remote actuation (remote control).

Thus, that part of hydraulic power (flow x pressure)
required by the engine and not consumed is lost as heat
which is stored by the fluid working environment, and then
dissipated into the environment.

Need for energy efficiency in particular for the high
power engines led to the development of the second
generation of hydraulic motors, the motors with adjustable
displacement. To adjust the capacity of these engines
were designed a large variety of devices that can be
classified into two main groups:
= control and servo control devices, manual, mechanical,

hydraulic control etc.;

* adjustment devices: hydraulic, electric, electric
proportional, etc.

MATERIALS AND METHOD
Theoretical and experimental researches were

conducted by simulation and co-simulation on the physical
model of the converter found in the Laboratory of drives at
INOE 2000-IHP.

* Mathematical modeling

Mathematical modeling was performed on the physical
model of the converter with electronic adjustment which
comprises the following components:

*= source of torque (variable capacity hydraulic motor
and powered at constant flow);

* hydraulic positioning linear motor;

=  proportional directional control valve;

*  position transducer;

= electronic amplifier;

= elements of protection, adjustment and control.

To perform mathematical modeling there were written
specific equations of each unit and connection relations
between the various equipments. This device has been
developed in the Laboratory of drives at INOE 2000.
Schematic diagram of the converter is shown in Figure 1
and Figure 1.a shows physical development.

- Consumed engine flow
Theoretical flow of a hydraulic rotary motor is determined
by the relation:

th =Vm 'Nm - X

where: Qun— is theoretical flow of engine expressed in [m®
/ s]; Vm - is engine capacity expressed in [m3/rev]; Nm - Is
the engine rotational speed expressed in [rev/s]; X- s a
dimensionless quantity with values in the interval [0, 1].
The motor leakage flow is determined implying the
hypothesis of laminar flow of fluid, with the relation:

Qsm = Ksm P

Where: Qsm - is leakage flow of engine expressed in [m® /s];
Ksm — is coefficient of leakage of the motor expressed in
[M’/N's]; P - is engine supply pressure [N/m?].

- Consumed flow by a hydraulic rotary engine is the
sum of the theoretical flow and leakage flow, and it is
calculated with relations:

Qm = th + Qsm

Respectively:

Qn=Vy Ny - X+Kg,-P
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mecanica cu dispozitive actionate electric (convertoare
electromecanice); aceste dispozitive necesitau blocuri
electronice care asigurau alimentarea electrica la
parametrii ceruti (tensiune, curent, etc.), si erau realizate
sub forma de aparate montate in tablourile sau pupitrele
de comanda ale instalatiei.

Avantajul acestor sisteme era transmisia comenzii la
elementul de executie hidraulic prin cablu electric
permitdnd comanda de la distanta (telecomanda).

Astfel, acea parte din puterea hidraulica (debit x
presiune) solicitatd de motor si neconsumata se pierde
sub forma de caldura care este inmagazinata de mediul
fluid de lucru, si apoi disipata in mediul ambiant.

Necesitatea eficientizarii energetice in special a
motoarelor de putere mare a condus la dezvoltarea celei de-a
doua generatii de motoare hidraulice, cea a motoarelor cu
cilindree reglabila. Pentru reglarea capacitatii acestor motoare
au fost concepute o mare diversitate de dispozitive care
nsa pot fi clasificate in doua mari grupe:
= dispozitive de comanda si servocomanda; manuala,

mecanica, hidraulica, etc.;
= dispozitive de reglare: hidraulic, electric,
proportional, etc.

electric

MATERIALE S| METODA

Cercetari teoretice si experimentale au fost efectuate
prin simulare si cosimulare pe modelul fizic al convertizorului
aflat in cadrul Laboratorului de actionari al INOE 2000-
IHP.
= Modelarea matematica

Modelarea matematica a fost realizatd pe modelul fizic
al convertizorului cu reglaj electronic care are in structura
sa urmatoarele componente principale:
= sursa de cuplu (motor hidraulic cu capacitate variabila

si alimentat la debit constant);
= motorul hidraulic liniar de pozitionare;
= distribuitor proportional;
= traductor de pozitie;
= amplificator electronic;
= elemente de protectie, reglare si comanda.

Pentru efectuarea modelarii matematice au fost scrise
ecuatiile caracteristice ale fiecarui echipament precum si
relatiile de legatura dintre diverse echipamente. Acest dispozitiv a
fost realizat in cadrul Laboratorului de actionari al INOE
2000. Schema de principiu al convertizorului este prezentata in
figura 1, iar fig.1a prezinta realizarea fizica.

- Debitul consumat de motor
Debitul teoretic al unui motor
determina cu relatia:

hidraulic rotativ se

)
unde: Qun - reprezintd debitul teoretic al motorului [m®/s];
Vm - reprezinta capacitatea motorului [m3/rot]; Nm -- reprezinta
turatia motorului [rot/s]; X reprezintda o marime
adimensionala cu valori cuprinse in intervalul [0, 1].

Debitul de scurgeri al motorului se determina acceptand
ipoteza curgerii fluidului n regim laminar, cu relatia:

)
Unde: Qsm - reprezintd debitul de scurgeri al motorului
[m3/s]; Ksm - coeficientul de scurgeri al motorului [m5/N.s];
P - reprezinta presiunea de alimentarea a motorului [N/m?].

- Debitul consumat de un motorul hidraulic rotativ
reprezinta suma dintre debitul teoretic si debitul de
scurgeri si se calculeaza cu relatiile:

3
Respectiv:

(4)
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If we neglect load losses along the pipes and
connection fittings between the pump and motor then we
can admit that the pump discharge pressure equals the
supply pressure of the engine.

- The equation of continuity

INMATEH - icultural

Daca neglijam pierderile de sarcina prin conductele si
racordurile de conexiune dintre pompa si motor atunci
putem admite ca presiunea de refulare a pompei este
egala cu presiunea de alimentare a motorului.

- Ecuatia de continuitate

The equation of continuity specific to hydraulic Ecuatia de continuitate specifica transmisiilor
transmissions has the form: hidraulice are forma:
V P
Qp_szio.‘L )
E, dt

Where: Vo - represents the total amount of oil under
pressure (half capacity of hydraulic pump, hydraulic motor
capacity and the volume of oil pipelines connecting the
pump and motor) expressed in [m3] and Ee- is the
equivalent compressibility module [Pal].
- The torque developed by the hydraulic motor

Torque developed by the hydraulic motor is calculated
with the relation:

M =
" 2.z
Where M, is the torque developed by the engine,
expressed in [N.m].

- The equation of equilibrium of moments

Torque developed by the hydraulic motor must be
equal to the amount of torque due to the inertia,
torque developed by the forces of friction and
resistant torque.

Vv, - P(t)
2.7

Where: J - represents the total moment of inertia, reduced
at motor shaft, of the moving parts expressed in [kg.mz]; Ks
- viscous friction coefficient expressed as [N.m.s]; 6 - the
motor shaft angle expressed in [radian]; Mr - resistant
torque expressed in [N.m].

If we denote with "w" the angular speed of hydraulic motor
shaft, then between the parameters 0 and ) and there

are the following relations:

do
w=—
dt
d2o
(0=—2
dt

w=2-7-N,

Under these conditions equation (10) becomes:

M,=J-0++K; -0o+M,

V

m

P(t)=J-2-7-
T

Resistant torque is variable over time and can have any
shape, linear or nonlinear.

- Valve for limiting pressure feature
Value of pressure inside the installation set by the
pressure limiting valve is described by relation:

p=k,
Where: p - is the adjusted pressure value [Pa] and ks — is
the valve constant [Pa/V].
- Rotational speed transducer feature
Rotational speed transducer feature is given by relation:

U =kN

Where: N - is the value of rotational speed [rev/min]; ki - is
the transducer constant [V/rev/min]; U- is the output
voltage of transducer [V].

- Torque transducer feature

7

_V,-P

=J - —+K;

e

Unde: Vo - reprezintd volumul total de ulei sub presiune
(jumatate din capacitatea pompei hidraulice, jumatate din
capacitatea motorului hidraulic si volumul de ulei din conductele
de conexiune dintre pompé si motor) exprimat in [m’] si Ee
- reprezinta modulul de compresibilitate echivalent [Pa].

- Cuplul dezvoltat de motorul hidraulic

Momentul cuplului dezvoltat de motorul hidraulic se
calculeaza cu relatia:

(6)

Unde Mn, reprezintd momentul cuplului dezvoltat de motor
exprimat in [N.m].

- Ecuatia de echilibru a momentelor

Momentul cuplul dezvoltat de motorul hidraulic trebuie
sa fie egal cu suma dintre momentul cuplului datorat
inertiei, momentul cuplului dezvoltat de fortele de frecare
si momentul cuplului rezistent.

d’e do
> —+ M, @)
dt dt
Unde: J — reprezintd momentul total de inertie, redus la
arborele motorului, al pieselor aflate in migcare exprimat
n [kg.m?]; Ks- coeficientul de frecare vascoasa exprimat in
[N.m.s]; - unghiul parcurs de arborele motorului
exprimat in [radian]; M- momentul cuplului rezistent
exprimat in [N.m].
Daca notam cu "w" viteza unghiulara a arborelui motorului

hidraulic atunci intre marimile & si @ exista urmatoarele relatii:

®)

©)

(10)
Tn aceste conditii relatia (11) devine

11)
N, +K,-2-7-N, +M, (12)

Momentul cuplului rezistent este variabil in timp si poate
avea orice forma, liniara sau neliniara.

- Caracteristica supapei pentru limitarea presiunii
Valoarea presiunii din instalatie reglate cu ajutorul supapei
pentru limitarea presiunii este descrisa de relatia:

(13)
Unde: p - reprezinta valoarea presiunii reglate [Pa] si ks-
reprezinta constanta supapei [Pa/V].

- Caracteristica traductorului de turatie
Caracteristica traductorului de turatie este data de relatia:

(14)
Unde: N - reprezintd valoarea turatiei [rot/min]; k; -
reprezinta constanta traductorului[V/rot/min]; U -reprezinta

tensiunea de iesire a traductorului [V].
- Caracteristica traductorului de moment
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Torque transducer feature is given by relation:

INMATEH - icultural

Caracteristica traductorului de moment este data de relatia:

U =k,N (15)

Where: M - represents the value of moment [Nm]; kny, - is
the transducer constant [V/Nm]; U - is the output voltage of
transducer [V].

- Hydro accumulator feature
Hydro accumulator characteristic was considered for
adiabatic transformation

pv* =

Where: p - is the amount of air pressure [Pa]3; V- is the
volume of gas inside the hydro accumulator [m™]; k- is the
adiabatic coefficient.

- Numerical simulation

Numerical simulation of operation of the secondary
adjustment hydraulic converter was carried out using
simulation software package AMESIm. The numerical
values of the parameters of the equipment in the installation
structure are presented in Table 1. Simulations were
performed assuming that the main pump is of fixed capacity,
to highlight changes in hydraulic engine capacity.

- Numerical simulation of mechatronic device
operation
To validate the results of theoretical research on the
conversion, recovery, storage and reuse of hydrostatic
energy in fluid power there has been developed a
mechatronic device for conversion of mechanical energy
into hydrostatic energy and also of hydrostatic energy into
mechanical energy which comprises the following main
assemblies:
- main volumetric pump of adjustable capacity and
electronic digital compensator block;
- hydraulic volumetric motor of adjustable capacity
- volumetric pump of fixed capacity;
- oil tank;
- hydraulic bridge made with check valves;
- hydro accumulator for storing hydraulic energy;
- sensors and transducers;
- data acquisition system;
- command and control system.

Unde: M - reprezintd valoarea momentului [Nm]; km -
reprezintd constantad traductoruluilV/Nm]; U - reprezinta
tensiunea de iesire a traductorului [V].

- Caracteristica hidroacumulatorului
Caracteristica hidroacumulatorului a fost considerata
pentru transformarea adiabata

ct.

Unde: p - reprezinta valoarea presiunii aerului [Pa]; V -
reprezintd volumul de gaz din hidroacumulator[mg]; k -
reprezinta coeficientul adiabatic.

- Simularea numerica

Simularea numerica a functionarii convertizorului hidraulic
cu reglaj secundar a fost efectuata cu ajutorul pachetului de
programe de simulare AMESIm. Valorile numerice ale
parametrilor echipamentelor din structura instalatiei sunt
prezentate in tabelul 1. Simularile au fost efectuate in
ipoteza ca pompa principala are capacitate fixa, pentru a
pune n evidenta variatia capacitatii motorului hidraulic.

- Simularea numerica a funtionarii dispozitivului
mecatronic
Pentru validarea rezultatelor cercetarilor teoretice privind
conversia, recuperarea, stocarea si reutilizarea energiei
hidrostatice in actionarile hidraulice a fost realizat un
dispozitiv mecatronic de conversie a energiei mecanice in
energie hidrostatica cat si a energiei hidrostatice in energie
mecanicd care are 1In structura sa urmatoarele
subansambluri principale:
- pompa volumica principala cu capacitate reglabila si bloc
electronic numeric compensator;
- motor hidraulic volumic cu capacitate reglabila;
- pompa volumica cu capacitate fixa;
- rezervor de ulei;
- punte hidraulica realizata cu supape de sens;
- hidroacumulator pentru stocarea energiei hidraulice;
- senzori si traductoare;
- sistem pentru achizitia datelor;
- sistem de comanda si control.

(16)

Valorile numerice ale parametrilor echipamentelor din structura instalatiei

Table 1/ Tabelul 1

No/ Parameter name/ Value/ Observations/
Nr. crt Denumirea parametrului Valoarea Observatii
1 Maximum capacity of the main pump V, [cmdlreva]/ 19
Capacitatea maximéa a pompei principale V, [cm’/rot]
2 Pump rotational speed Ny[rev/min]/ 1450
Turatia pompei Np[rot/min]
3 Pump rated discharge pressure Ppaed [bar]/ 315
Presiunea nominalé de refulare a pompei Pynom [bar]
4 Pump leakage flow at rated pressure Qscp[l/min/ 0.5/0,5
Debitul de scurgeri al pompei la presiunea nominald Qscp[l/min]
5 | Motor capacity Vi, [cm*/rev]/ 28 Variable/
Capacitatea motorului Vy, [cm®/rot] variabild
6 Motor torque Npy[rev/min]/ - Variable/
Turatia motorului Ny[rot/min] variabild
7 Supply rated pressure of motor Ppyated[bar]/ 315 Variable/
Presiunea nominala de alimentare a motorului Pmnom[bar] variabila
8 Motor leakage flow at rated pressure Qscm[l/min] / 1
Debitul de scurgeri al motorului la presiunea nominald Qscm[l/min]
9 Moment of inertia of motor driven parts J[Kg.m?)/ 0.05/0,05
Momentul de inertie al pieselor antrenate de motor JIKg.m’]
10 | Volume of oil under pressure Vo [}/ 5
Volumul de ulei sub presiune Vo [l]
11 Equivalent compressibility module E¢[bar]/ 14.000
Modulul de compresibilitate echivalent Ec[bar]
12 Hydro accumulator volume Vj, [}/ 2517125
Volumul hidroacumulatorului Vi [1]
13 | Rated control voltage of valve U [V]/ 10 Variable/
Tensiunea nominald de comanda a supapei U [V] variabila
14 Load pump capacity V, [cm*/rev]/ 14
Capacitatea pompei sacind V, [cm’/rot]
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Fig. 1 - The principle scheme of a mechatronic hydraulic converter /
Schema de principiu a convertizorului hidraulic mecatronic

Fig.1. a - Secondary sector of the mechatronic hydraulic converter - laboratory model/
Secundarul convertizorului hidraulic mecatronic -model de laborator

To perform simulations there was developed the
simulation network in Figure 2 by means of AMESim
software package. The main objective of the numerical
simulation was to determine control parameters of the
device to maintain constant speed of hydraulic motor,
when the resistant torque at its shaft varies over time.

Simulation network has the following main hydraulic
blocks:

- Adjustable capacity hydraulic volumetric pump equipped
with pressure compensator;

- Hydraulic volumetric motor with adjustable capacity;
- Secondary volumetric pump through simulation of
hydraulic motor load;

- Hydraulic bridge made with check valve;

- Hydro accumulator;

- Pressure transducer;

- Rotational speed transducer;

- Pressure limiting valve for hydraulic circuit of the main

pump.

79

Pentru efectuarea simularilor a fost realizata reteaua de
simulare din figura 2 cu ajutorul pachetului de programe AMESIm.
Obiectivul principal al activitdti de simulare numerica a fost
acela de a determina parametrii de reglare ai dispozitivului, pentru
mentinerea constanta a vitezei motorului hidraulic, atunci cand
momentul rezistent de la arborele sau este variabil in timp.

Reteaua de simulare contine urmatoarele blocuri
hidraulice principale:

- pompa hidraulica volumica cu capacitate reglabila
echipata cu compensator de presiune;

- motor hidraulic volumic cu capacitate reglabila;

- pompa volumica secundara pentru simularea sarcinii
motorului hidraulic;

- punte hidraulica realizata cu supape de sens;

- hidroacumulator;

- traductor de presiune;

- traductor de turatie;

- supapa pentru limitarea presiunii din circuitul hidraulic al
pompei principale;
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The oil flow discharged by the main pump is used to
power a hydraulic motor which has coupled to its shaft a
fixed capacity volumetric pump. The main pump of an
adjustable capacity is driven by an electric motor with
fixed rotational speed. Changing the resistant torque from
the hydraulic motor shaft is achieved by changing the
discharge pressure of secondary displacement pump with
fixed capacity.

Active torque developed by the hydraulic motor is
proportional to the sum of the value of its capacity and
value of pressure drop between its energy hydraulic
connections. Therefore, achieving an active torque at
motor shaft, to overcome the resistant torque variable
over time, is achieved by changing the supply oil
pressure of motor and also changing capacity of
hydraulic motor.

At the same time there must be kept constant the
rotational speed at hydraulic motor shaft and should
therefore be amended also the amount of oil flow that
supplies the hydraulic motor.

These adjustments should be made under
conditions of the pressure limiting valve in the main
hydraulic circuit remaining closed; we do not spill oil at
tank and thus there are no dissipating energy losses. In
(Figures 3...7) there are summarized the results of
simulations performed to maintain constant rotational
speed of hydraulic motor when the resistance torque at
its shaft is variable over time.
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Debitul de ulei refulat de pompa principala este utilizat
pentru alimentarea unui motor hidraulic care are cuplata la
arbore o pompa volumica cu capacitate fixa. Pompa principala
care are capacitatea reglabila este antrenata de un motor
electric cu turatie fixa. Modificarea momentului rezistent
de la arborele motorului hidraulic se realizeaza prin
modificarea presiunii de refulare a pompei volumice
secundare cu capacitate fixa.

Momentul activ dezvoltat de motorul hidraulic este
proportional cu produsul dintre valoarea capacitétii acestuia
si valoarea caderii de presiune dintre racordurile hidraulice
energetice ale acestuia. In consecintd realizarea unui
moment activ la arborele motorului, care sa finvinga
momentul rezistent variabil in timp, se realizeaza prin
modificarea presiunii uleiului de alimentare a motorului si prin
modificarea capacitatii motorului hidraulic.

In acelasi timp trebuie mentinuta constanta turatia la
arborele motorului hidraulic si in consecinta trebuie
modificata si valoarea debitului de ulei care alimenteaza
motorul hidraulic.

Toate aceste reglaje trebuie realizate in conditiile in
care supapa de limitare a presiunii din circuitul hidraulic
principal raméane inchisa, nu avem deversare de ulei la
rezervor si deci pierderi disipative de energie. In (Figurile
3...7) sunt prezentate sintetic rezultatele simularilor efectuate
pentru mentinerea constanta a turatiei motorului hidraulic
atunci cand momentul rezistent de la arborele acestuia
este variabil n timp.

E.
L9 —* Lo -
s =0 O oh oo
Fig. 2 - Simulation network schematic diagram /
Schema retelei de simulare
Resistant moment at hydeaulic motor shatt [N}/
pomentul rezistent by arborele motorulus bide silic
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=25 —=
'3Si"“i"'l' ; ; |
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Fig. 3 - Variation over time of resistant torque at hydraulic motor shaft /
Variatia Tn timp a momentului rezistent la arborele motorului hidraulic
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__ Hydraulic motor shaft speed [rev/min]
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Fig. 4 - Variation over time of hydraulic motor shaft speed /
Variatia in timp a vitezei arborelui motorului hidraulic
Hydraulic motor capacity [em? /rot]
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Fig. 7 - Variation over time of gas volume inside the hydro pneumatic accumulator /
Variatia in timp a volumului de gaz din hidroacumulator

Theoretical and experimental researches on the
numerical simulation model of the dynamic behavior of a
motor vehicle
Simulation of the mechano-hydraulic system
The mechano hydraulic system of the studied process was
analyzed with network simulation presented in (Figure 8). It
contains a simulation network of mechanical system
(Figure 2) to which was attached the component for
storage and use of energy from the braking of motor
vehicle. Hydrostatic component attached to the model is a
basic one, simplified a lot the reason to have an overview
of network simulation. Full schedule contains a number of
other elements in hydrostatic apparatus which are
absolutely necessary for development of such a system.
As it can be seen from the figure the most important
elements of the hydrostatic system are: the bidirectional
and reversible hydrostatic unit, the battery of
oleopneumatic accumulators and the (mechatronic) system
for command and control of hydrostatic unit capacity.

Conditions under which the model was run were the
following:

- At the entry of the heat engine was forced a control
signal (acceleration pedal) corresponding to the dependence
curve torque/ rotational speed in (Figure 3). It was maintained
constant (100%) for a period of 40 seconds (Figure 4). At
moment t = 40 s was ordered full closure of supply of the heat
engine.

- At moment t = 40s the hydrostatic unit was ordered
with a control signal corresponding to its operation in pump
mode, with its capacity varying after a ramp-step-ramp signal
0...100% for 10 seconds. During this period the energy
recovery function is performed (recharge of the
oleopneumatic accumulators).

- In time range t; = 40 seconds t, = 60 seconds
hydrostatic unit has the capacity of O cm?®, the energy
recovery system is "decoupled" from the mechanical
system.

- At moment t = 60 s the hydrostatic unit was ordered
with a control signal corresponding to its operation in motor
mode, with its capacity varying after a ramp-step-ramp
signal 0...100% for 20 seconds. During this period use of
recovered energy recovery function is performed
(discharge of the oleopneumatic accumulators).
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Cercetari teoretice si experimentale asupra
modelului numeric de simulare a comportarii dinamice
a unui autovehicul
Simularea sistemului mecanohidraulic
Sistemul mecanohidraulic al procesului studiat a fost
analizat cu reteaua de simulare prezentata in (Figura 8).
Aceasta contine reteaua de simulare a sistemului mecanic
(Figura 2) la care a fost atasata componenta de stocare si
utilizare a energiei obtinute la franarea autovehiculului.
Componenta hidrostatica atasata modelului este una de
principiu, mult simplificata din ratiunea de a avea o imagine
de ansamblu a retelei de simulare. Schema completa
contine o seria de alte elemente din aparatajul hidrostatic
absolut necesare dezvoltarii unui astfel de sistem. Asa cum
se poate observa din figura cele mai importante elemente
ale sistemului hidrostatic sunt unitatea hidrostatica
bidirectionala si reversibila, bateria de acumulatoare
oleopneumatice si sistemul (mecatronic) de comanda si
reglare a capacitatii unitatii hidrostatice.

Conditile in care a fost rulat modelul
urmatoarele:

- la intrarea motorului termic a fost impus un semnal de
comanda (pedala de acceleratie) corespunzator curbei de
dependenta cuplu/turatie din (Figura 3. Acesta a fost
mentinut constant (100%) pentru o perioada de 40
secunde (Figura 4). La momentul t = 40 s s-a comandat
inchiderea completa a alimentarii motorului termic.

- la momentul t = 40s s-a comandat unitatea hidrostatica
cu un semnal de comanda corespunzator functionarii acesteia
in regim de pompa, cu capacitatea variind dupa un semnal
rampa-treapta-rampa 0..100%, timp de 10 secunde. In
aceasta perioada se realizeaza functia de recuperare
energetica(incarcare acumulatori oleopneumatici).

- in intervalul de timp t; = 40 secunde t, = 60 secunde
unitatea hidrostatica are capacitatea 0 cm3, sistemul de
recuperare a energiei este “decuplat” de la sistemul
mecanic.

- la momentul t = 60 s s-a comandat unitatea hidrostatica
cu un semnal de comanda corespunzator functionarii acesteia
in regim de motor, cu capacitatea variind dupa un semnal
rampa-treapta-rampa 0..100%, timp de 20 secunde. In
aceasta perioada se realizeaza functia de utilizare a energiei
recuperate (descarcare acumulatori oleopneumatici).

au fost
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Fig. 8. The basic model of inertial system + hydrostatic energy recovery subsystem /
Modelul de principiu al sistemului inertial + subsistemul hidrostatic de recuperare a energiei

RESULTS
Calculation of energy efficiency by using

hydro pneumatic accumulators in hydraulic drives
-For accumulation, store and reuse of hydrostatic energy
there is presented the calculation methodology for a hydro-
pneumatic accumulators battery of V 25| each,
considered to be the most appropriate to solve the
problem.
-To illustrate the calculation the was chosen situation
where parameters are those from the experimental stage,
the vehicle running at optimal speed, brakes and stops
once it has covered a certain distance. With relation (17)
there was express mathematically the above hypothesis
Where: m-vehicle mass [kg]; Vopt-optimal vehicle speed [m
/| s]; Liz-mechanical work of friction forces [J] of state 1
corresponding to Vopt, in state 2 corresponding to a state
of rest; Q12 -the amount of heat released during the
transition from state 1 to state 2 [J];

To illustrate the calculation, was chosen hypothetical
situation in which from the equation of state of gas

an = Cl., taking into account polytrop transformation a
(d1<0;dT >0) with

l<n<x system loses heat, (dq < 0), causing

warming based on mechanical work in part returned to the
ambient in the form of heat.

With expressions of mechanical work (18) and heat
(19) for polytrop transformation.

compression  for example

mV “opt

2
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REZULTATE
Calculul eficientizarii energetice prin folosirea

hidroacumulatoarelor in actionarile hidraulice
-Pentru acumularea,stocarea si reutilizarea energiei
hidrostatice se prezinta metodologia de calcul pentru o
baterie de acumulatoare hidropneumatice de V=25I
fiecare,considerata a fi cea mai indicata pentru rezolvarea
problemei.
-Pentru exemplificarea calculului s-a ales situatia Tn care
parametrii sunt cei din faza experimentala,autovehicolul
rulind cu viteza optima,frineaza si se opreste dupa ce a
parcurs un anumit spatiu.Cu relatia (17) s-a exprimat
matematic ipoteza de mai sus:
Unde: m-masa autovehicolului [kg] ; Vop viteza optima a
autovehicolului [m/s]; Lio- lucru mecanic al fortelor de
frecare in [J] din starea 1 corespunzatoare lui Vop, In starea
2 corespunzatoare starii de repaus; Qi2- cantitatea de caldura
degajata in timpul trecerii de la starea 1 la starea 2 [J];

Pentru exemplificarea calculului, s-a ales situatia
ipotetica Tn care pornind de la ecuatia de stare a gazelor

pVn = Ct., luand in considerare transformarea politrop& o

compresie spre exemplu (d1<0;dT >0) cu 1<n<X
sistemul pierde caldura (dq < 0), incalzirea producandu-se
pe baza lucrului mecanic redat partial mediului ambient sub
forma de caldura.

Cu expresiile lucrului mecanic (18) si a caldurii (19) in
cazul transformarii politrope.

17

L, +Qp
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PV — PV,
Ly=——" (18)
n-1
x—n
Q=X
12 Z _1 L12 (19)
Where: Unde:
p: - pressure of gas before braking; p1— pres?unea gazulu@ Tnaintea franarii;
p. - the gas pressure after braking p2 — presiunea gazului dupa franare;
v, - volume of gas before braking; v1 — volumul gazului Tnaintea franarii;
v, - volume of gas after braking. vz — volumul gazului dupé franare.
Is obtained by replacing in (17), relation (20) Se obtine inlocuind in relatia (17), relatia (20)
mV “opt B A AP n x—-n X PV — PRV, (20)
2 n-1 7-1 n-1
From here v; results: De unde v, rezulta:
_ 21
vzzﬂxvl_ﬂ,n 1 1 2 (21)
P 2 p, q_1=n
7-1

It is noted here that if you replace in expression of
speed relative to time in relation (21) v, decreases with the
square of time.

The estimative calculations performed revealed a close
gap between the calculated time and the real one.

* Solving the problem for land motor vehicle ARO
243
Initial data of the problem:
a) vehicle weight (1800 kg);
b) running regime Vop: = 60 km /h = 16.6 m / s;
C) po - charging pressure of the battery ( po = 70 bar);
p1 - the minimum working pressure of the battery (p1 = 100 bar);
p2 - maximum working pressure accumulators (pz = 200 bar);
v1 - initial volume of batteries amounted(vi = 50 ).
Applying relation (20) for adiabatic one gets relation (22):

Se observa de aici ca daca inlocuind n expresia
vitezei functie de timp in relatia (21) v2 scade cu patratul
timpului.

Calculele estimative efectuate au relevat o apropiere a
timpului calculat de cel real.
= Rezolvarea problemei pentru autoturismul de teren

ARO 243

Datele initiale ale problemei:
a) Greutatea autovehiculului (1800 kg) ;
b) Regimul de rulare Vou=60 km/h=16,6 m/s ;
C) po — presiunea de incarcare a acumulatorului (po = 70 bar);
p1 — presiunea minima de lucru a acumulatorului(p; = 100 bar);
p2 — presiunea maxima de lucru a acumulatoarelor (p2 = 200 bar);
vi — volumul initial al acumulatoarelor insumat (v1 =501) .

Aplicand relatia (20) in cazul adiabatei se obtine relatia (22):

m V? _ PaVo = Py (22)
2 1-K
Where K = 1.4 for adiabatic; Unde: K = 1,4 pentru adiabata;
Relationship (21) becomes in this case: Relatia (21) devine in acest caz:
mv? (1-K
v, =W A-K) b
2 P, P, (23)

replacing the above values we get v, = 521 |.

Energy stored in batteries, as in relation (22); it is of
248000 J=892800 kWh and considering a coefficient of
servicelyear ks = 1/30, results in a recoverable amount of
energy equal to 29.760 kWh/year.

Performing a calculation over an year and energy
cost considering the value of 0.48 per Kwh, resulting a
saving of 14284 leilyear, which represents a
considerable saving. This hydraulic energy stored in
batteries will be immediately used to drive the motor
vehicle in reverse way from the one of recovery, helf
the thermical engine to start.

CONCLUSIONS

a) Through the numerical simulation of the operation of the
servo motor, equipped with electronic digital control block
and pressure transducer were highlighted possibilities for
configuration of the electronic block in order to obtain
various abilities, without requiring modification of the servo
motor structure. The results are summarized in graphical
form;

b) By using advanced modeling and experimental
identification procedures superior dynamic performance
can be obtained for hydrostatic transmissions;

c) Energy saving, which is obtained as a result of using
complex hydraulic displacement engines equipped with
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n care inlocuind valorile de mai sus se obtine v, = 521 |.

Energia 1nmagazinata in acumulatoare, conform
relatiei(22) este de 248000 J=892800 kWh si considerand
un coeficient de serviciu/an ks=1/30,rezultd o cantitate de
energie recuperabila egala cu 29760 kwh/an.

Efectuand un calcul al costului energiei la nivelul unui an,
considerand valoarea unui Kwh de 048 lei, rezulta o
economisire de 14284 lei/an, ceea ce reprezinta o economie
considerabila. Aceasta energie hidraulicda inmagazinata in
acumulatoarele hidraulice va fi utilizata imediat la antrenarea
autovehiculului, fluxul fiind In sens invers celui in care s-a
facut recuperarea, ajutand astfel motorul termic la demarare.

CONCLUZII

a) Prin simularea numericad a functionarii servomotorului,
echipat cu bloc electronic numeric de comanda si traductor
de presiune au fost puse in evidenta posibilitatile de
configurare ale blocului electronic pentru obtinerea
diferitelor capacitati, fara sa fie necesara modificarea
structurii ~ servomotorului. Rezultatele obtinute sunt
prezentate sintetic sub forma grafica;

b) Prin utilizarea procedurilor avansate de modelare si
identificare experimentala se pot obtine performante
dinamice superioare pentru transmisiile hidrostatice.

c) Economia de energie, care se obtine care urmare a
utilizarii motoarelor volumice hidraulice complexe echipate
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digital control and adjustment units is highlighted by the
value of flow conveyed through the valve for adjudting the
pressure of the main circuit. Maintaining a relatively
constant rotational speed of hydraulic motor regardless of
load variation on output capacity is achieved by modifying
the hydraulic engine capacity coupled with the value of the
supply pressure and flow of oil discharged by the main
pump. This helps keep the supply pressure to a minimum
so that the energy savings are maximum;
d) The use of multiple control loops and an electronic
compensator type PID in speed control loop significantly
reduces bandwidth of speed change of speed without
affecting the dynamic performance of torque developed by
the shatft;
e) Hydraulic servo comtrol outputs a specific power greater
than or at least equal to the one of the electric servo control;
f) It follows that the hydraulic servo control is required in cases
where there are high power and speed requirements;
g) When the load has a large inertia hydraulic servo control
can become unstable. This risk can be also considerably
higher if:

- there is air in the hydraulic circuit;

- rigidity is low at the mounting and drive mechanism of
the servo control.

However, there are many methods for stabilizing the
servo control.
h) In case of fixed hydraulic drive devices and generally for
devices where the energy is not strictly quantified, the
processes of discharge of oil to the tank are preferred
because of their simplicity and efficiency. The limiting and
discharge valve removes a greater amount of hydrostatic
energy to tank, making a waste in terms of energy
compared to flow losses inside the machines, hydraulic
pumps and motors, however, nevertheless they are
preferred because of their lower cost price;
i) While saving energy is important, a stabilizing threshold
of the servo control is adopted if the control element is
compatible with static accuracy required, the example being
the servo control of a car;
i) When saving energy and static accuracy requirements
are the priority, there should be taken into consideration
use of hydraulic servo control. Its use is facilitated when
using servo valves, integrated in a mechatronic system;
k) We can say that the development of hydraulic
systems with hydraulic servo controls integrated in a
mechatronic system leads to energy efficiency of fluid
power systems;
I) Locating a hydraulic resistance in parallel with the
hydraulic cylinder.
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cu blocuri numerice de reglare si comanda, este pusa in
evidenta prin valoarea debitului tranzitat prin supapa de
reglare a presiunii din circuitul principal. Mentinerea relativ
constanta a vitezei de rotatie a motorului hidraulic, indiferent
de variatia sarcinii la iesire se realizeaza prin modificarea
capacitatii motorului hidraulic corelata cu valoarea presiunii de
alimentare si debitul de ulei refulat de pompa principala.
Acest lucru permite mentinerea presiunii de alimentare la o
valoare minima astfel incat economia de energie sa fie maxima;.
d) Utilizarea buclelor de reglare multiple si a unui
compensator electronic de tip PID in bucla de reglare a
vitezei micsoreaza sensibil banda de variatie a vitezei fara
sa afecteze performantele dinamice privind cuplul dezvoltat
de arbore;
e) Servocomanda hidraulica dezvolta o putere specifica
mai mare sau cel putin egala cu sevocomanda electrica;
f) Rezultd ca servocomanda hidraulicd se impune in
cazurile in care sunt exigente ridicate de putere si viteza;
g) Atunci cand sarcina are o inertie mare, servocomanda
hidraulica poate sa devina instabila. Acest risc poate sa
devina, de asemenea, considerabil mai mare, daca:

- exista aer in circuitul hidraulic;

- rigiditatea este mica a mecanismului de fixare si
actionare a servocomengzii.

Cu toate acestea, exista multe metode de stabilizare a

servocomenzii.
h) in cazul instalatiilor hidraulice de actionare fixe si in
general pentru dispozitivele la care energia nu este strict
cuantificata, procesele de deversare a uleiului la rezervor
sunt de preferat datorita simplitatii si eficientei acestora. Supapa
de limitare si deversare elimina o cantitate mai mare de
energie hidrostatica la rezervor facandu-se o risipa din punct de
vedere energetic Tn comparatie cu pierderile de debit din
aparate, pompe si motoare hidraulice, dar cu toate acestea,
adesea sunt de preferat datorita pretului de cost mai mic;
i) Desi este importantd economisirea de energie, pragul de
stabilizare a unei servocomenzi este adoptat in cazul in
care elementul de reglare este compatibil cu precizia statica
ceruta, exemplul fiind al servocomenzii unui automobil;
j) Atunci cand sunt prioritare cerintele de economisire a energiei si
de precizie statica, trebuie sa se considere utilizarea
servocomenzii hidraulice. Utilizarea acesteia este facilitata in
cazul folosirii servovalvelor, integrate intr-un sistem mecatronic;
k) Putem spune ca realizarea de sisteme hidraulice cu
servocomenzi hidraulice integrate intr-un sistem mecatronic
conduce la o eficientizare energetica a sistemelor de
actionare hidrostatica;
[) Amplasarea unei rezistente hidraulice in paralel cu
cilindrul hydraulic.
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Abstract. The article is devoted to the analysis of
operating properties of biodiesel fuels, in particular warm-
energy indexes on the basis of which a conclusion is done
about perspective and advantages of application of
biodiesel fuel on the basis of rape oil and isopropyl alcohol.

Key words: biodiesel fuel, diesel engine, isopropyl esters,
rape oil, toxicity

INTRODUCTION

Presently in our state there is a large park of the
wheeled transport vehicles and mobile agricultural technique
with diesels which work on the diesel fuel (DF) of mineral
oil origin. However, from facts of numerous sources, supplies
of mineral oil, accessible for our market, it can be enough
only to 2015 year, therefore a cost of diesel fuel will be all
of time raise. In such situation the use of alternative fuels
becomes economic justified. In addition, an autotractor
technique is one of most polluter of environment.

Application of alternative fuels will allow noted to
decrease the harmful troop landings with workings gases
of diesels and improve an ecological situation in cities and
rural settlements. Application of alternative fuels which are
made from renewable sources will allow to promote
independence of Ukraine from the import of energy
sources.

One of basic ways of exit from the folded situation
there is adaptation of diesels to work on alternative fuels.
Such fuels is compressed natural gas, dymethyl esters
(DME) and biofuel, in particular methyl esters of rape oil
(MERO). Natural gas is approximately in two times
cheaper than diesel fuel. However, for providing of
work of diesel on natural gas his substantial re-
equipment is required in a gasdiesel or in a gas engine
with a spark lighting.

Thus a gasdiesel works on mixture of natural gas and
diesel fuel. Its supply system more complex in comparison
with the diesel and less resource of work. In respect of
gas engines with a spark lighting, their researches are not
yet completed.

In opinion of experts, DME is a perspective alternative
fuel for diesels. Raw material for his receipt is natural gas. By
positive qualities this is a high cetane number and plenitude
of combustion which provides small maintenance of soot in
workings gases. The lacks of DME is in 1,5 times less
warmth of combustion, that results in the increase of its
expense during work of engine, low kinematic viscosity, and
also low lubricating properties. As DME is made from natural
gas, his cost is higher than gas cost. In this publication are
defined the objects and the analysis of efficiency of indexes
of a diesel engine which are calculated by its work with
various biofuel is presented.

BASIC PART

Lately more and more wide application find alterative biofuels
on the basis of vegetable oils. A biodiesel fuel which is methyl and
ethyl essential vegetable oil belongs to such fuel. Most widespread
among such ails is a rape oil. Research of fuels, made from
vegetable oils conduct the known motor-building firms of the USA,
Great Britain, Germany, Sweden, Japan. Presently a more than

87

Pesrome: Cmamms npucesiyeHa aHarnisy onepauyitiHux
aracmusocmell GiodUBESTHOR0 Nartiea, 30KDEMA MENTIOEHEPEIMUMHLUIM
iHOekcam, Ha 6a3i sIKux 3p0bsIeHUL BLICHOBOK PO Nepcriekmusy
i nepeeazu 3acmocyeaHHsi 6io0u3enibHo20 Mnanuea Ha
OCHO8I pinakoeor o5l ma i3onporinogozo crupmy.

Knroyoei cnoea: 6iodusenbHe nanueo, OusesnbHUl

dsuayH, i3ornporninosuti egip pinakosoi onir

NMOCTAHOBKA MNMPOBJIEMU

B paHvin Yac B Hawivi Oepxasi € BeNMKUN NapK KOSCHWUX
TPaHCMOPTHMX 3acobiB Ta MOBINBHOI  CiNbCHKOroCoaapChKoi
TEXHIKN 3 AU3ensamm, SKi NPaLtooTb Ha AnaenbHoMy nanmei (1)
HadpTOBOro NoxomxeHHs1. OAHaK, 3a 4aHUMK YMCTIEHHNX Jkepern,
3anacis HadhTW, AOCTYMHUX AN HALLOMO PUHKY, MOXe BUCTaYUTU
mvwe go 2015 poky, ToMy BapTiCTb Au3enbHOro nanvea Oyae
BECb Yac 3poctatu. B Takin cutyaLi BUKOPUCTaHHA arbTepHaTUBHUX
rarve CTae eKOHOMIMHO BAMpagaaH M. KpiM Toro, aBToTpaktopHa TexHika
€ OOH/M 3 HaOINbLLKX 3a0PYy/AHIOBAYIB HABKOIMLLIHEOM CEpeaoBuLLIA.

Tomy 3acTocyBaHHsi anbTepHATUBHUX NanuvB OO3BONUTb
MOMITHO 3MEHLUMTW LUKIQNMBI BUKMOM BiOnNpaLbOBaHUX rasis
Ov3eniB i MOKpaLUMTM €KOMOriYHy CuTyauilo B MicTax i
CiNbCbKMX HacerneHux MyHKTax. 3acTtocyBaHHA Takoro Buay
anbTepHaTMBHUX Nanue sik Giomanuea, Ski BUPoONATLCA 3
MOHOBINIOBaHWX [Xeper, A03BONUTb NIABULLMTU He3anexXHICTb
YkpaiHu Big iMNOpTYy EHEeproHoCiiB.

OfHMM 3 OCHOBHUX LUNAXIB BMXOZY 3 Ljei cutyauii €
apanTauia ausenie 4O poboTU Ha anbTEPHATUBHMX ManvBax.
Takvmu nanneBamm € KOMNPOMOBAHWI (CTUCHYTWI) NPUPOSHNN
ra3 (KMr), aumeTtvnosui edip (OME) Ta 6ionanmea, 3okpema
mMeTunoBuin edpip pinakosoi onii (MEPO). MpupogHuii ras
npvbnusHo B ABa pa3v [eLUeBLUMA 33 Ov3enbHe ManvBo.
OpHak, anst 3abesneyeHHs poboTy Ansens Ha NPUMPOaHOMY rasi
BMMaraeTbCs Moro cyTTeBe nepeobriagHaHHs B rasoamsens abo
B ra30BWI ABMIYH 3 iCKPOBMM 3anarioBaHHSIM.

Mpyyomy rasogmsens Mnpawioe Ha CyMilli NPUPOAHOrO
rasy i AU3enbHOro nanmea. Moro cuctema >kUBMEeHHS 3Ha4YHO
CKNagHilla y MOPIBHSHHI 3 OM3eneM Ta MEHLUUA pecypc
po6oTu. Lo crocyeTbcs rasoBux [OBUMYHIB 3 iCKpOBUM
3anantoBaHHAM, TO X AOCHIMKEHHS LLe HE 3aBEpPLLEHI.

Ha gymky excnepris, ayumetunedip (OME) € nepcnektmBHuM
anbTepHaTVBHUM NarmeoM Ansa av3eniB.CYpOBMHOKO Af1s 0ro
OTPYMaHHS € MPUPOaHWA ras. [osUTUBHUMM SKOCTSIMM Oro €
BUCOKE LIETAHOBE 4/CIIO Ta MOBHOTA 3ropsiHHS, LLO 3abesnedye
Marnvn BMICT Caxki y BignpauboBaHMX rasax. Hegonikamm OME € B
1,5 pasu MeHwa TennoTa 3ropsiHHs, WO NpU3BOAUTbL A0
30inblUeHHs1 oro BUTpaTU npu poboTi ABWIyHa, HM3bKa
KiHeMaT4Ha B'SI3KICTb, @ TaKOX HW3bKi MaCTUMbHI BNacTUBOCTI.
Ockinbkn AME BApobnsieTsCst 3 NPUPOAHOIO rady, To A0ro BapTiCTb
€ BYLLOKO 33 BapTiCTb rasy. B Ljin nybnikauii Bu3HayeHi ob'ext i
nogaHui aHania edeKTMBHOCTI iHOEKCIiB ausens, sKi
obuncneHi nig yac noro poboTun Ha pisHomy Gionanwsi.

OCHOBHA YACTUHA

OcranHiM Yacom Bce GinbLu LLMPOKe 3aCTOCYBaHHS 3HAXOASTb
anbTepHaTVBHi Gionanmea Ha OCHOBI POCHMHHMX ONil. [0 Takux
narve HarnexuTb GioguaerneHe NanvBo, sike sSIBMnsie cobo METUIOBI
Ta eTwrosi ediipyt POCTMHHX O, HabirsLL NOLLMPEHOIO 3 SIKVX €
pinakosa orist. [oCrimKeHHs NanvB, BUFOTORMNEHNX 3 POCIIMHHMX Ol
npoBOaATb Bioomi apuryHobyaisHi doipmm CLUA, BervkobpuraHii,
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6.5 million t biofuel is made in Europe. Conducted work in relation
to application of esters of vegetable oils as diesel fuel on territories
of the former USSR. It is needed to mark works of MVTU of the
name of Bauman, MSAU of the name of Goryachkina, Klaipeda
university, National university of bioresourses and environmental
management of Ukraine, KHPI and others.

Application of biodiesel fuel requires no changes in the
construction of engine. Tests showed the increase of
expense of biodiesel fuel to 10%, that is explained the
less warmth of combustion. At the same time the troop
landings diminish with workings gases of some harmful
matters [1], [3], [4], [5].

A traditional biodiesel fuel is made with the use of
methyl alcohol which is high-toxic and dangerous for the
health of people. Possible concentration in its mid air
working area is 5 mgs/m, for an ethanol it is 1000 mgs/m.
It is a substantial negative factor from the point of view of
ecological safety at the production of biofuel (especially in
the conditions of agricultural production) and his use, in
fact through the effects of destruction a selection from the
biofuel of methyl alcohol is possible, especially at
deviation from normal work of the fuel system of engine.
Also the lack of methyl ether is that it is an aggressive
enough matter in relation to materials of details of engine
(metals, rubber). Therefore by its application replacement
of fuel tanks is required, fuel hoses and gaskets, on such,
which are made from proof to MERO of material, and also
more frequent replacement of motor oil. A biodiesel fuel
can be made also with the use of ethyl spirit (EERO). But
such fuel has a high enough cost through the high cost of
ethyl spirit. In addition the reaction of etherification with an
ethyl spirit flows considerably heavier.

RESULTS OF RESEARCHES

In the Lutsk national technical university a new
biodiesel fuel is created with the use of methyl isopropyl
alcohol which  has insignificant  toxicity  and
aggressiveness. A fuel is got by the reaction of over
etherification of rape oil by an isopropyl alcohol in
presence an alkaline catalyst. By a mathematical
simulation the optimum correlation of components of new
biofuel is defined. The search of optimum parameters was
carried out with the use of three-factor experiment. As a
parameter of optimization the temperature of freezing (tieez)
of biofuel is chosen (figure 1).

Elementary composition (content of carbon C,
hydrogen H and oxygen O) of isopropyl ester of rape oil
(IERO) in accordance with maintenance of acids in rape
oil is defined [2], [3]: ester of erucic acid - 50.0 %, by an
oleic- 29.0 %, linoleic - 15 %, other esters of other acids.
The experimental values of operating properties of
biodiesel fuels were compared to the requirements of
DSTU for a diesel fuel «L» (table 1).
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Hivesamn, Leewsi, Anowii. B gaHuin yac B €Bponi BUpoGnsieTses
GinbLue 6,5 MiH. T Gionanmea. BeayTsest poboT LLIOAO 3aCToCyBaHHA
eipiB POCIMHHMX OfiN 9K OM3ENbHOMO ManuBa Ha TepeHax
kormHsoro CPCP. Bapto BigsHaumm pobot MBTY iM. BaymaHa,
MOAY im. NopsukiHa, Knarineacskoro yHiBepeuteTy, HavjoHareHoro
yHiBepcvTeTy Biopecypcia | MprponokoprcTyBaHHA YipaiHu, XMl Ta .

3actocyBaHHs 6iogm3ensa He BUMarae Hisskux 3MiH B
KOHCTPYKLji AaBuryHa. BunpoOyBaHHs nokasanu 36inbLueHHs
BuTpaTy GiogusenbHoro nanvea o0 10%, WO MOSICHIOETLCA
MEHLLIOK TEMJIOTO 3ropsiHHA. B TOM ke yac 3MeHLLYHoTbCS
BUKMON 3 BigNpaLbOBaHNUMK rasamu LesiKMX LUKIOIUMBUX
pevoswuH [1], [3], [4], [5].

TpagwvuiiHe  OiogusenbHe ManMBO — BUPOOSSIETLCA i3
3aCTOCyBaHHAM METUMOBOIO CMNPTY, SIKUIA € BUCOKOTOKCUYHUM Ta
HebesneuHnM ans 300poB'st nogen. Moxnvea KoHUeHTpaLis B
cepeavHi 1l NOBITPSIHOI POBOYOI 30HM CTaHOBUTL 5 Mr/M, Ons
etaHony - 1000 mr/m. Lle cyTTeBwin HeratvBHUN hakTop 3 TOHKU
30py exororivHol Geanexn npy BUPOOHMLTBI Gionanvea (ocobrnveo B
YMOBAX CirMbChKOMOCTIOAAPCHKON BUPOOHLITBA) Ta I0M0 BYKOPYICTaHHI,
amxke yepe3 edeKkTM AecTpyKUil MOXvBe BURiNeHHs 3 Gionanvea
METUIMOBOIO CNPTY, 0COBIMBO NpW BIOXWINEHHI Bif HOPMarbHOT
poboTM nNanMBHOI CUCTEMW [ABUIYHA. TakoX HeOOomnikom
MEeTUINoBoro ediipy € Te, WO BiH € [AOCUTb arpecvBHOID
PEYOBMHOIO MO BIQHOLLEHHIO 0 MaTepianiB AeTanen AsuryHa
(meTtarn, ryma). Tomy npu MOro 3acToCyBaHHi BUMMAraeTbCs
3aMiHa nanuBHUX GakiB, ManMBHMX LUNAHMB Ta NPOKMaAOK Ha
TaKi, Lo BUroTOBeHi 3i cTitikoro o MEPO matepiany, a Takox
YyacTilwa 3amiHa MOTOpHOro mMacra. bioguaenbHe nNanveo Moxe
BUrOTOBMATUCb TaKOX i3 3aCTOCYBaHHSM ETUIIOBOMO CrVPTY
(EEPO). Ane Take nanveBo Mae OOCUTb BUCOKY BapTiCTb Yepes3
BMCOKY BapTicTb eTurosoro crvpTty. Kpim TOoro peakuis
eTvpum3aLli 3 eTUNOBMM CNIMPTOM MPOTIKaE 3HAYHO Bax4e.

PE3YNbTATU OOCHNIAXKEHDb

B Jyubkomy HauioHansHOMY TEXHIHHOMY YHiBepcuTeTi
CTBOpeHe HoBe 6iogusencHe nanuMBO 3  BUMKOPUCTAHHSM
METWIOBOrO i30MPOMINIOBOMO  CMPTY, SKUA Mae€ He3HayHy
TOKCMYHICTb Ta arpecuBHiCTb. [lannBo OTpumaHe peakuieto
nepeectepudikauii pinakoBoi onil i30MponinoBMM CNMpTOM B
NPUCYTHOCTI  NyXHOro  KaTtanizatopa. MartematnyHum
MOZENOBaHHAM BM3HAYEHO OMTMMAribHE  CriBBIGHOLLEHHS
KOMMOHEHTIB  HOBOro  Gionanvea. [lowyk  onTUMansHUX
napamMeTpiB 34iNCHIOBaNM1, BUKOPUCTOBYHOUM TPLOX(DAKTOPHWIA
ekcriepumeHT. B gkocti napameTtpa ontumisauii BuGpaHa
Temnepatypa 3acturaHHs (tieez) Gionanmea (pucyHok 1).

Byno BusHaueHOo enemeHTapHuii cknag  (BMiCT
Byrneuto C, BogHio H Ta kncHio O) isonponinosoro edipy
pinakosoi onii (IEPO) BignosigHO 40 BMICTY KUCIIOT Yy piMaKkoBii
onii [2], [3]: edbipy epykoBoi kucnotn — 50,0 %, oneiHosoi — 29,0
%, niHonesoi - 15 %, pewma edipy HWUX KACTIOT.
ExcriepuMeHTanbHi 3Ha4YeHHs ekcrnyaTtauiiHuX BracTMBOCTEN
GiogvzenbHMX Nanve nopiBHoBanucs 3 Bumoramm OCTY anst
AV3enbHOro nanviea mapku «JT» (tabnvug 1).

Ny S

Fig. 1 - Dependence of temperature of freezing of biodiesel fuel on maintenance of rape oil (X;) and isopropyl alcohol (X) /
SanexHicmb memnepamypu 3acmuzaHHs1 6iodu3ernbHO20 farnuea eid emicmy pinakosoi onii (X1) ma i3orponinogoeo criupmy (Xz)
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Table 1/ Tabnuus 1

Comparative description of indexes of operating properties of diesel and biodiesel fuels /
MopieHsAnbHa xapakmepucmuka nokasHukKie ekcrilyamauiliHux enacmueocmeli 0usesibHo20 ma 6iodu3enbHux nanue

; Norm by DSTU Diesel Fuel / Biodiesel fuel /
Name of index / Method of Tests / :

Ne HalimeHyeaHHs1 nokasHuka | Memod eunpobyeaHHs 32%3379},/3’;25 "gg ﬂ#gﬁﬂ:ge &lgglgemme nla é";go

1 Cetane number / DSTU 3868-99 / not below 45 / a7 48 49
LlemaHoee yuco LCTY 3868-99 He Huxye 45
Density, g/sm® at 15°C / DSTU 3900-99 / no more than 0,860/

2 | Fromuna s/ort npu 15°C ZCTY 3900-99 He 6inswe 0,860 | 0847084 | 0.88/088 | 0.88/0,88
Kinematic viscosity at 40°C,

3 | St/ Baskicms KiemamuuHa DTy 5500 3060a20C1 | 54154 56/56 | 16.1/161
npu 40°C, cCm .U np

4 Acidity, mg KOH on 100 sm’/3 GOST 5985-79 / no more than 5,0 / 27727 ] ]
Kucriommicme, me KOH Ha 100 cv OCT 5985-79 He 6inbwe 5,0 ) '

5 Temperature of freezing, C°/ GOST 20287-91 / no more than -10m / 14 12 22
Temnepamypa 3acmueaHHsi, C° OCT 20287-91 He suwe -10 °C

A new fuel has the best consumer characteristics, in
particular, lower temperature of freezing. On a new fuel a
toxicological and sanitary passport is got, developed and
ratified technical terms. On the private enterprise of
«Limeks Invest» industrial approbation of production of
the offered biofuel is carried out. In the near future the
stand tests of diesel will be conducted on such fuel.

For comparison and estimation of effective indexes of
diesel of D-240 by its work on an oil diesel fuel and
biodiesel fuels on condition of identical middle effective
pressure, the calculation of its work cycle for the nominal
mode is executed on computer. The dates for calculation
are taken in a table 2, and results of calculation in a
table 3.

As be obvious from calculations, the less of carbon in
the molecules of biodiesel fuels results in diminishing of
their lower warmth of combustion.

Therefore for the receipt of identical effective power
of diesel by its work on an oil diesel fuel and biodiesel
fuels a specific effective expense of fuel will be larger in
the case of the use of biofuels.

In addition to some worsening of indexes of diesel
during work on biodiesel fuels their large viscidity leads
as compared to an oil fuel.

Result of it is some worsening of atomization of this
fuel by sprayers. Therefore some researchers
recommend to use a biodiesel fuel in mixtures with a
diesel fuel (30% biodiesel and 70% DF).

But among biodiesel fuels most warmth of combustion
and the least expense of fuel in IERO, that
advantageously distinguishes it from MERO and EERO.
The presence of oxygen in the molecules of biodiesel
fuels allows to intensify the process of combustion. Other
effective indexes of engine on condition of increase of
specific effective expense of fuel are identical.

Viscosity of IERO is more high by comparison to the
proper value of normative requirements, which can
hamper passing of fuel through filters, serve of fuel
sprayers and to worsen mixing. It can be considered the
lack of IERO. Therefore by low temperatures it is
expedient to use such fuel in mixtures with an oil diesel
fuel. But enhanceable viscosity of fuel will provide the
good greasing of details of fuel apparatus of diesel. The
temperature of hardening of IERO in two times below,
than in MERO, and in 2,2 times below, than DSTU
requires for an oil diesel fuel «L».

HoBe nanvBo Mae KpalLLli CrIoXuBYI XapaKTepUCTVKK, 30KpeMa
GinbLL HY3bKa TemnepaTypa 3acTuraHHs. OTpUMaHi TOKCYKOMOMHHUNA
i CaHITapHWIA MacropT Ha HOBE NarvBo, PO3PO0SIEHi | patudikoBaHi
TexHiYHi TepMiHu. Ha npuatHoMy nignpuemcTsi «Limeks
Invest» npaktnyHa anpobauis BUPOOHMLITBA NPONOHOBaHOIO
Gionanvea BuKoHaHa. B Hemanekomy marnbyTHeOMy OyayTb
NPOBOAUTUCE CTEHAOBI JOCNIMKEHHSA AM3eNs Ha TakoMy narvei.

[nsa nopiBHAHHA Ta OUHKA eeKTUBHUX MOKA3HWKIB
avzenda [0-240 npu 1oro poboTi Ha HadpToBOMY AM3ernibHOMY
nanvei Ta 6ioguM3enbHMX NanvMBax 3a YMOBW O[HAKOBOIO
cepeaHboro edPeKTMBHOIO TUCKY, Ha KOMITHOTEPI BUKOHAHWI
po3paxyHOK 1oro pobo4yoro uukny Ans  HOMiHanbHOro
pexvmy. BuxigHi aaHi 1o po3paxyHKy 3BefeHi B Tabnuuto
2, a pe3ynbTaTi po3paxyHKy B Tabnuuio 3.

K BMOHO 3 pO3paxyHKiB, MEHLLA YacTMHa BYrneLuto B
Monekynax 6iogusenbHuUX nNanve  Npu3BOAWUTL 40
3MEHLUEHHS iX HWKYOi TenmnoTun 3ropsiHHS.

Tomy Anst oTpUMaHHA OAHaKOBOI €DEKTUBHOI MOTYXXHOCTI
Amn3ens npu rioro poboTi Ha HadTOBOMY AM3ENbHOMY NanuBi
Ta OGiogmsenbHnx nanmvBax nuToMa edekTvBHa BuTpaTta
nanuea e GinbLLO Y BUNaAKy BUKOPUCTaHHA Gionanvs.

Kpim Toro o aeskoro noripLeHHsi NoKasHWKIB An3ens
npu poboTi Ha OGiogmsenbHWX nanuMBax MpU3BOAUTL
GinbLua X B’A3KICTb Y NOPIBHSIHHI 3 HACHTOBVM NanyBOM.

Hacnigkom Loro € aesike noripLUeHHs po3nmmoBaHHS LIbOro
narmvea ¢popcyHkamn. ToMy Aeski AOCTOHVMKA pEKOMEHOYIOTh
BMKOpPWCTOBYBaTU 6iognM3enbHe nanMBO B Cymillax 3
amsenbHuM nanneom (30% 6GiogmsensHoro i 70% AOrM).

Ane cepep 6iogusenbHOro nanvea GinbLua KiNbKiCTb
TENMOTW 3ropPsHHS | HAMMEHLLA KinbKiCTb BATpaT nanuea
B IEPO, wo 3 kpaworo 6oky BiapisHse 1oro Bign MEPO i
EERO. lNMpucyTHICTb KMCHIO B MOnekynax 6iognsensHoro
nanvea [JO3BOMSE MOCUNUTU NPOLEC 3ropsiHHA. [HLWi
edeKkTVMBHI iHOeKCU [ABUryHa npu YMOBi 30inbLlUEHHS
NneBHWX e(PEKTUBHNX BUTPAT NanvBa iAeHTWNYHI.

B'sizkictb IEPO BuLLa Yy NOPIBHSAHHI 3 BiANOBIOHAM 3HAYEHHSM
HOPMaTMBHUX BMMOT, LLO MOXE YTPYOHUTU MPOXOLKEHHS!
nanuea 4epe3 inNbTpwu, nogadvy nanmvea popcyHkamm Ta
noripwnT  CymilloyTBOpeHHs. Lle MoxHa BBaxaTtu
Hepgonikom IEPO. Tomy npy HU3bKMX TemnepaTypax Take
nanveo AOLINbHO BUKOPUCTOBYBATU B CyMilLiaX 3 HATOBUM
amsenbHum nanueoMm. [NpoTe nigBulLeHa B'sI3KiCTb nanuea
3abe3neuntb [o6pe MaleHHs aeTanei nanuBHOI
anapaTtypu amsens. TemnepaTypa 3acturaHHs IEPO Bagivi
Hx4a, Hx B MEPO, i B 2,2 pasu Hx4a, Hix Bumarae JCTY
Ansi HAdhTOBOro AM3ENbLHOMO Nanuea Mapku «J1».

Table 2/ Tabnuuys 2

Basic dates for the calculation of work cycle of diesel / BuxiOHi OaHi Onsi po3paxyHKy po6o4o20 yukny dusens

Ne Index / [Moka3Huk DF /AN | MERO/EPO |[EERO/ EEPO|IERO / IEPO
Elementary composition, %: / EnemeHmapHutl cknad, %:

1 87 7751775 | 77.54 /77,54 |76.28 /76,28

| H 12.6/12,6 12.0/12,0 | 12.04/12,04 |13.16/ 13,16

O 04/04 10.5/10,5 | 10.42/10,42 |10.05/10,05
Ttheoretical necessary amount of air for combustion of 1 kg of fuel, kg /

2 Teopemu4HO HeobXiOHa KinbKicmb rosimpsi 0r1st 320psiHHS 1 Ke nanuea, K2 14.45/14,45/ 12.70/12,70 | 12.73/12,73 |12.98/12,98

3. |Lower warmth of combustion, Mdzh/kg / Huxya mennoma 32opsHHs, M[x/ke |42.44 | 42,44| 37.50 / 37,50 | 37.56 / 37,56 |38.33 / 38,33
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Table 3/ Tabnuus 3

Results of calculation of effective indexes of diesel by its work on different fuels /
Pe3ynbmamu po3paxyHKy egpekmueHuUX noka3Hukie du3sesisi npu io2zo pobomi Ha pi3HUX nanueax

Fuel / Manueo

Ne Index / foxaskuk DE /AN [MERO/ MEPO [EERO / EEPO [ IERO / IEPO
1. | Effective power, kW / Egpekmuera rnomyxHicms, kBm 60.43 /60,43 | 60.76 /60,76 | 60.76 /60,76 | 60.88 /60,88
5 Specific effective expense of fuel, g/kW*h / lumoma echekmueHa 242.63/ 27454 | 274.06 / 268.05/
* | eumpama nanuea, e/kBm*200 242,63 274,54 274,06 268,05
3. | Middle effective pressure, MPa / CepedHiti egpexmusHut muck, Mla | 0.694 / 0,694 | 0.698 /0,698 | 0.698 /0,698 | 0.699 / 0,699
4. | Effective coefficient / EgbekmusHut koegbiyieHm 0.350/0,350 | 0.350/0,350 | 0.350/0,350 | 0.350/0,350
5. | Coefficient of surplus of air / KoegbiuieHm Hadnuwky nosimps 15/1,5 15/1,5 15/15 15/1,5
6. | Content of dioxide carbon CO; in exhaust gases, kmol/kg fuel / Bmicrm 0.0725/ 0.0646 / 0.0646 / 0.0636 /
" | dsookcudy syaneuro CO, y sidnpaupo8aHUX 2a3ax, KMork/ke nanuea 0,0725 0,0646 0,0646 0,0636
It is important advantage of new product above Lle BaxnuBa nepeBara HOBOrO MNPOAYKTY Hapg,

existent analogues, in fact it enables to use such fuel in
a winter period by the temperature to -22°C, while
standard to - 12°.

Acidity in IERO is absents, that it is not corrosive
active. Ash content in IERO within the limits of norm, that
testifies to low maintenance in the biodiesel fuel of mineral
ash. A biodiesel fuel, and above all things IERO, is safer
from point of view of ecology. As experiments showed, a
biodiesel by a hit in water does not cause harm to living
organisms. In addition, it fully biologically decomposes in soil
or in water by microorganisms for 28 days. Conducted
toxicological and hygienic researches of IERO allowed to
draw a conclusion, that this fuel belongs on the whole to 4
classes of danger (lowest class).

In a biodiesel fuel practically there is not contain
sulphur, due to what an engine, working on this fuel, has a
zero level of the troop landings of So* practlcally, that
advantageously distinguishes it from a diesel in which the
troop landings of oxides of sulphur inflict substantial harm
of ecology. It is special topically for our state, because in a
diesel fuel which is made on our petroleum refinery
factories maintenance of sulphur exceeds possible norms
in once or twice. Important advantage of engines which
works on a biodiesel fuel are the small extras in the
atmosphere of dioxide carbon CO, which is instrumental
in formation of hotbed effect on Earth. It is explained that
there is a less carbon in a biodiesel fuel, what in oil fuels.

CONCLUSIONS

The analysis of operating properties of biodiesel
fuels testifies that a new biodiesel fuel has a lower
temperature of freezing than methyl ester of rape oil,
has low toxicity and aggressiveness. Therefore it is
similar to ethyl esters of rape oil, but considerably
cheaper than it.
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iCHyloUMMKW aHanoramu, ajgxe BOHA [A€ MOXIUBICTb
BMKOPUCTOBYBaTW Take ManuBo B 3UMOBWUIA nepiog npu
Temnepatypi Ao — 22°C, ToAi Ak eTanoHHe o — 12°C.

KucnotHicts y IEPO BigcyTHs, TOGTO BOHO HE € KOPOSiliHO
aktmBHUM. 3ombHICTL IEPO B Mexax Hopmu, LLO CBIQYMTL Npo
HU3LKAA BMICT Yy 6ioaM3enbHMX ManmBax MiHEparibHOi 305W.
BiognsensHe nanveo, i B neptuy Yepry IEPO, € 6inbLu 6e3neyHm
3 TOYKM 30py ekonoril. Ak nokasanv gocnigwn, Giogmsens npu
nonafaHHi y Body He CMPUYMHSIE LUKOOW XXUBVM OpraHiaMam.
Kpim TOro, BiH NoBHicTIO BionorvyHO po3nafaeTbest B rpyHTI abo
B BOAi MikpoopraHiamamm 3a 28 gHis. [poBeaeHi ToKcKKonoro-
ririeHiyHi  gocnimkeHHa IEPO  pgossonunu  3pobutin
BMCHOBOK, LLIO L& NanuBo HanexuTb B Lifiomy Ao 4 knacy
Hebe3nekn (HarHWXYuiA Knac).

B 6iognsenbHOMY nmanuBi NPaKTUYHO HE MICTUTLCH CipKW,
3aBASKM YOMY [ABUTYH, NPALOYMIA Ha LibOMY Manuei, Mae
NPaKkTU4YHO HyNbOBUA piBeHb BuMkuAie SO, WO BWMgHO
BiOPI3HAE MOro Bif OM3ensi, B AKOro BUKUAOW OKCUAIB CipKu
HaHOCATb CyTTeBY LUkoAy ekonorii. Lle ocobnmeo akTyanbHoO
AN Hallol AepXaBu, TOMY LU0 B AM3ENbHOMY ManuBi, sike
BMPOONAETECA Ha HawuX HadpTonepepobHMX 3aBogax, BMICT
CipKM B OeKirnbka pasiB nepesuLLlye JonycTviMi HopMy. Baxkrmeoro
nepeBaroto ABUMyHIB, siki MPaLtoTb Ha GiogyaensHoMy nanmsi,
€ Mani Bukuan B atMocaepy Asookeuay Byrneuto CO;, SAKUN
Crpusie YyTBOPEHHIO NapHWKOBOro edekty Ha 3emni. Lle
NOSICHIOETLCS  TUM, WO B 0Oiogu3enbHOMY nanuBi
MiCTUTBCSA MEHLLE BYrNneLto, HiX B HapToBUX nanueax.

BUCHOBKU

AHani3 ekcnnyaTauinHnx BnacTmBocTen 6iogusenbHMX
nanue ceBigYMTb Mpo Te, WO HoBe GioamsenbHe MNanvMBeo
Ma€ HWKYy TemnepaTtypy 3acTUraHHsl, HiXK MeTUIoBUMA
egip pinakoBoi oOnii, Mae HU3bKYy TOKCWUYHICTb Ta
arpecuBHiCTb. ToMy BiH € mogibHm A0 eTunoBoro edipy
pinakoBoI onii, ane 3Ha4HO AeLleBLUE 3a HbOrO.
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WRITING NORMS / NORME DE REDACTARE

Article Types

Three types of manuscripts may be submitted:
1. Regular articles: These should describe new and
carefully confirmed findings, and experimental procedures
should be given in sufficient detail for others to verify the
work. The length of a full paper should be the minimum
required to describe and interpret the work clearly (max. 8
pages);
2. Short Communications: A Short Communication is
suitable for recording the results of complete small
investigations or giving details of new models or
hypotheses, innovative methods, techniques or apparatus.
The style of main sections has not necessarily to be in
accordance with that of full-length papers (max. 6 pages);
3. Reviews: Submissions of reviews and perspectives
covering topics of current interest are welcome and
encouraged (max. 8 pages).

Review Process

All manuscripts are reviewed by the 2 members of the
Scientifically Review. Decisions will be made as rapidly as
possible, and the journal strives to return reviewers’
comments to authors in approx. 3 weeks. The editorial
board will re-review manuscripts that are accepted pending
revision.

NOTE: Submission of a manuscript implies: that the work described has not
been published before (excepting as an abstract or as part of a published

lecture, or thesis) that it is not under consideration for publication
elsewhere.

1. REGULAR ARTICLES

All portions of the manuscript must be typed single-
spaced, A4, top and bottom: 2 cm; left: 2.3 cm; right:
1.7 cm, font: Arial, size 9 pt, except the title which will
be 11 pt. and explicit figures, which will be 8 pt.

Text paper will be written in two equal columns of 8.3
cm, 0.4 cm space between them, except the title,
authors and their affiliations, tables, figures, graphs and
equations to be entered once.

Text will be written in English in the left column,
respectively in native language in the right column.

The chapter titles are written Uppercase (eg:
INTRODUCTION, MATERIAL AND METHODS),
between chapters is left a space for 9 pt. At the
beginning of each paragraph to leave a tab of 0.5 cm.
The paper will be written in Word, "Justify" alignment;
The paper should be transmitted by E-mail.

There are allowed 2 papers by each first author.

The Title should be a brief phrase describing the contents
of the paper. PAPER’S TITLE will be uppercase, Bold (the
title in English language) and Bold italic (the title in native
language), center, 11 pt. Under the paper's title, after an
space (enter) 9 pt., write authors' names (eg: Vasilescu G.).
(font: 9 pt., bold) and affiliations, the name of the
corresponding author (next row), (9 pt., regular). Also be
passed: the phone, fax and E-mail information, for the first
author of paper's (font: 8 pt., italic).

Title should be short, specific and informative. Avoid long
titles; a running title of no more than 100 characters is
encouraged (without spaces).

The Abstract should be informative and completely self-
explanatory, briefly present the topic, state the scope of
the experiments, indicate significant data, and point out
major findings and conclusions. The Abstract should be
100 to 300 words in length. Complete sentences, active
verbs, and the third person should be used, and the
abstract should be written in the past tense. Standard
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Tipuri de Articole

Trei tipuri de manuscris pot fi trimise:
1. Articole obignuite (normale): acestea trebuie sa descrie
cercetari noi si confirmate, iar procedurile experimentale
sa fie descrise pentru a putea fi verificate in detaliu, fara a
leza dreptul de proprietate intelectuala. Marimea unei lucrari
trebuie sa cuprinda minimul necesar pentru a descrie i
interpreta in mod clar continutul (ma.8 pagini);
2. Comunicari scurte: o comunicare scurta este folosita
pentru inregistrarea rezultatelor din investigatii complete
de dimensiuni reduse sau pentru a oferi detalii despre modele
noi de ipoteze, metode inovative, tehnici sau infrastructuri.
Tipul sectiunilor (capitolelor) principale nu trebuie sa fie neaparat
in concordanta cu articolele normale (max. 6 pagini);
3. Sintezele: Prezentarea unor comentarii si perspective
acoperind subiecte de interes actual sunt binevenite si
incurajate (maxim 8 pagini).

Procesul de evaluare (recenzie)

Toate manuscrisele sunt evaluate de catre 2 membri
ai Comitetului Stiintific. Deciziile vor fi luate cat mai rapid
posibil si revista va returna comentariile evaluarilor inapoi
la autori in aproximativ 3 saptamani. Conducerea editoriala
va reevalua manuscrisele care sunt acceptate in vederea
publicarii in revista.

Nota: Sunt acceptate numai lucrarile care nu au mai fost publicate anterior.
In cazul in care autorii trimit spre publicare lucrari ce contin date, informatii,

capitole, etc., din alte lucrari publicate anterior si nu se fac referiri la acestea
n text, raspunderea apartine acestora.

1._ARTICOLE OBISNUITE
Toate capitolele manuscrisului trebuie sa fie scrise single-
spaced, A4, sus si jos: 2 cm; stanga: 2.3 cm; dreapta:
1.7 cm, font: Arial, marime 9 pt, cu exceptia titlului care
se scrie cu 11 pt. si figurile explicite, care se scriu cu 8 pt.
Textul lucrarii va fi scris in doua coloane egale de 8.3 cm,
0.4 cm spatiul dintre ele, exceptand titlul, autorii si
afilierea acestora; tabelele, figurile si ecuatiile care nu
se scriu pe coloane ci pe toata pagina (vezi modelul atasat);
Textul se va scrie in limba engleza in coloana din
stanga, respectiv in limba matema - coloana din dreapta.
Titlurile capitolelor sunt scrise cu majuscule (ex:
INTRODUCERE, MATERIAL $I METODE), intre
capitole se lasa un spatiu de 9 pt. La inceputul fiecarui
paragraf se lasa un "tab" de 0.5 cm;
Lucrarea va fi scrisa in Word, aliniere “Justify”.
Lucrarea trebuie trimisa prin e-mail.
Sunt permise max. 2 lucrari ca prim autor.

Titlul trebuie sa fie o frazd scurtd care sa descrie
continutul lucrarii. Acesta va fi scris cu majuscule, centrat,
marime: 11 pt., bolduit, (titlul in engleza) si bolduit italic
(titlul in limba maternd). Sub titlul lucrarii dupa un spatiu de
9 pt., se scriu numele autorilor (ex: Vasilescu G.) (9 pt.,
bold), imediat sub numele autorilor se scrie: afilierea
autorilor (9 pt., normal) iar pe urmatorul rand: telefonul,
faxul, e-mailul corespunzator celui care a trimis lucrarea -
primului autor (8 pt., italic).

Titlul trebuie sa fie scurt, specific si informativ. Evitati
titlurile lungi, un titlu de sub 100 caractere este
recomandat (fara spatii).

Rezumatul trebuie sa fie informativ si usor de inteles;
prezentati pe scurt topica, stadiul experimentelor, date
semnificative, si evidentiati descoperirile majore si
concluziile. Rezumatul trebuie sa cuprinda intre 100 si 300
cuvinte. Propozitile complete, verbele active, si persoana
a lll-a trebuiesc folosite (rezumatul sa fie scris la timpul
trecut). Se va utiliza nomenclatura standard iar abrevierile
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nomenclature should be used and abbreviations should be
avoided. No literature should be cited (font: 9 pt., the title -
bold italic; the text of abstract: italic).

Following the abstract, about 3 to 10 Keywords that will
provide indexing references should be listed (font: 9, bold
italic - the title and 9 pt., italic - the text).

A list of non-standard Abbreviations should be added. In
general, non-standard abbreviations should be used only
when the full term is very long and used often. Each
abbreviation should be spelled out and introduced in
parentheses the first time it is used in the text. Only
recommended Sl units should be used. Authors should use
the Solidus presentation (mg/ml). Standard abbreviations
(such as ATP and DNA) need not to be defined.

The INTRODUCTION should provide a clear statement of
the problem, the relevant literature on the subject, and the
proposed approach or solution. It should be understandable
to colleagues from a broad range of scientific subjects.

MATERIALS AND METHODS should be complete enough
to allow experiments to be reproduced. However, only truly
new procedures should be described in detail; previously
published procedures should be cited, and important
modifications of published procedures should be
mentioned briefly. Capitalize trade names and include the
manufacturer's name and address. Subheadings should be
used. Methods in general use need not be described in
detail.

RESULTS should be presented with clarity and precision.
The results should be written in the past tense when
describing findings in the authors' experiments. Results
should be explained, but largely without referring to the
literature. Discussion, speculation and detailed interpretation of
data should not be included in the Results but should be
put into the Conclusions section. Subheadings should be
used.

The CONCLUSIONS should interpret the findings in terms
of the results obtained in this and in past studies on this
topic. State the conclusions in a few sentences at the end
of the paper. The Results and Discussion sections can
include subheadings, and when appropriate, both sections
can be combined.

The Acknowledgments of people, grants, funds, etc
should be brief (if necessarily).

Tables should be kept to a minimum and be designed to
be as simple as possible. Tables are to be typed single-
spaced throughout, including headings and footnotes.
Each table must be written on the entire width of the page,
into the text where reference is made, the columns are
broken - one column (see attached sample). Tables should
be self-explanatory without reference to the text. The
details of the methods used in the experiments should
preferably be described in the legend instead of in the text.
The same data should not be presented in both table and
graph form or repeated in the text. Table’s title will be
centered bold (in English) and bold italic native language
then separated by a slash. In the table, each row will be
written in English (Arial, regular, size: 9 pt.) / native
language (Arial, italic, 9 pt.). The table and its number is
written right justified, bold - in English and bold italic -
native language, separated by a slash (/).

Figure legends should be typed in numerical order.
Graphics should be prepared using applications capable of
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trebuiesc evitate. Nu se vor utiliza citari de lucrari in
"rezumat" (font: 9 pt., titlu - bold italic; textul rezumatului -
italic).

Cuvinte cheie: ca urmare a rezumatului, intre 3 si 10
cuvinte cheie trebuiesc listate, aceste oferind referinte de
indexare (font: 9 pt., bold italic — titlul si 9 pt., italic - textul).

Trebuie adaugaté o listd de abrevieri specifice. In general,
aceste abrevieri se folosesc atunci cand termenul folosit
este foarte lung si des intalnit in lucrare. Fiecare abreviere
ar trebui introdusa in paranteza pentru prima data cand
este folosita in text. Doar unitati din Sl trebuiesc folosite.
Autorii trebuie sa foloseasca prezentarea Solidus (mg/ml).
Abrevierile standard (ca ATP sau ADN) nu trebuiesc
definite.

INTRODUCEREA trebuie sa ofere o expunere clara a
problemei, esenta relevanta a subiectului si abordarea
propusa sau solutia. Aceasta trebuie sa poata fi inteleasa
de catre colegi din diferite domenii stiintifice.

MATERIALE $I METODE: trebuie sa fie suficient de
complete pentru a permite experimentelor sa fie reproduse.
Totusi, numai metodele cu adevarat noi trebuie descrise in
detaliu; metodele publicate anterior trebuie citate;
modificarile importante ale metodelor publicate trebuie
mentionate pe scurt. Scrieti cu majuscule denumirile
comerciale si includeti numele si adresa producatorilor.
Subcapitolele trebuie utilizate. Metodele utilizate 1n
general, nu trebuie descrise Tn detaliu.

REZULTATELE trebuie prezentate cu claritate si precizie.
Acestea trebuie scrise la timpul trecut, atunci cand descriu
constatarile in experimentele autorilor. Rezultatele trebuie
sa fie explicite, dar in mare masura, fara a se face referire
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 s& 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 Tn care se face trimitere; coloanele sunt
eliminate - o singura coloana (vezi atagat modelul).
Tabelele trebuie sa fie auto-explicative, fara referire la text.
Detaliile cu privire la metodele utilizate in experimente
trebuie sa fie, de preferintd, 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 materna), 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



Vol. 34, No.2 /2011

generating high resolution JPEG before to introducing in
the Microsoft Word manuscript file (Insert - From File -
...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]. Viadut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. In: Studiul
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inaltd rezolutie, Tnainte de a introduce fin dosarul
manuscris Microsoft Word (Insert - From File - ... JPEG).
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, In text, acolo unde se face
referire, o 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 data 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 dreapta 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 Tn 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 n regim policarburat, INMATEH
Inginerie Agricold, vol. 27, nr. 1 / 2009, ISSN 1583-1019,
pg. 50-55;

[2]. Pirna I, Nicolescu M., Marin M., Voicea | (2009) -
Alimentarea alternativda 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, 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, pag. 177+184.

Carte

[1]. Viadut V (2009) - Studiul procesului de treier in
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Roméania.

Capitol din carte

[1]. Viadut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. in: Studiul
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procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
Dissertation / Thesis:

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu masini agricole
pentru pregdtirea terenului in vederea insamantarii. PhD
dissertation, University of Transylvania Brasov, Brasov,
Romania.

Units, Abbreviations, Acronyms
. Units should be metric, generally SI, 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

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

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu magini agricole
pentru pregétirea terenului in vederea insdmantérii. Teza
de doctorat, Universitatea Transilvania Brasov, Brasov,
Romania.

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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