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MATHEMATICAL MODEL FOR STUDYING THE INFLUENCE OF Tl LLAGE TOOL GEOMETRY
ON ENERGY CONSUMPTION

MODEL MATEMATIC PENTRU STUDIUL INFLUEN TEI GEOMETRIEI SCULELOR DE LUCRAT
SOLUL ASUPRA CONSUMULUI DE ENERGIE

Assoc. Prof. Ph.D. Eng. Ghere s M. I.

Technical University of Cluj Napoca / Romania
Tel: 0264-401675; E-mail: Marius.Gheres@auto.utcluj.ro

Abstract: In this paper is developed a mathematical
model for mechanical energy evaluation in the soil tillage
process. A simple tool with plane cilindrical and
cylindroidal surfaces is used in order to describe the
mathematical model. The mathematical equations
developed include all the influence factors of the working
processes: constructive parameters of tools, functional
parameters of agricultural machine systems and soil
parameters. A PC expert program is elaborated using the
mathematical model. A numerical application is
presented for validation of the developed mathematical
model.

Keywords:
evaluation

mathematical model, soil tillage, energy

INTRODUCTION

The soil tillage is a process with high — energy
consumption. The objective of mechanical manipulation
of the soil designed to agricultural production is to create
favourable soil conditions and environment to crop
growth by changing bulk density, soil granulometry size
distribution and other characteristics [5, 7].

The energy required to till the soil depends to a large
extent on the physical properties of soil, operating
conditions and the design parameters of the tillage tools.
Reducing the energy to change the physical properties of
the soil is an important consideration, since tillage tools
consume a large portion of the energy required to
produce the crop. Because of the large amount of energy
involved in the proces of soil cultivation, even small
economy, which might be developed in this process, may
have significant value [1, 2].

Tillage tools wusually produce several effects
simultaneously: movement, stretching, compression,
bending, torsion. Tillage tools are used to apply energy to
the soil to cause some desired effects such as cutting,
breaking, overturning or movement of the soil.
Considering the energy consumption diminishing to soil
tillage, our goal is to design an optimum tool that will
ensure an adequate quality of the soil, efficiency and
economy of the tillage process [3].

MATERIAL AND METHOD
Mathematical model

The tillage process consists of three major elements:
the solil initial physical properties (S;), the energy (W)
applied to the soil and the final soil physical properties
(S1), [6]. The tillage process, as a system, may be
describe by the following abstract relation:

Rezumat: In lucrare se dezvoltd un model matematic
pentru evaluarea necesarului de energie mecanicd la
prelucrarea  solului. Pentru descrierea  modelului
matematic s-au utilizat trei scule simple cu suprafafa
pland, cilindricd si cilindroidald. Ecuafile matematice
dezvoltate includ tofii factorii de influen{& ai procesului de
lucru: parametrii constructivi ai organelor de lucru,
parametrii de exploatare ai agregatului si parametrii starii
inifiale a solului. Se descrie programul PC elaborat pe
baza modelului matematic dezvoltat. Pentru validarea
modelului matematic se prezintéd o aplicafie numerica.

Cuvinte cheie: model matematic, prelucrarea solului,
evaluarea necesarului de energie

INTRODUCERE

Prelucrarea mecanica a solului este un proces ce
implicda un consum ridicat de energie. Obiectivul
prelucrarii solului consta in creerea conditiilor favorabile
si a unui mediu propice dezvoltarii plantelor de cultura
prin modificarea densitati aparente, a compozitiei
granulometrice a agregatelor si a altor Tnsusiri [5, 7].

Energia necesara prelucrarii solului este influentata in
mare masura de proprietatile fizice ale solului,
caracteristicile de exploatare ale agregatelor agricole si
de parametrii geometrici ai organelor de lucru.
Reducerea consumului de energie la prelucrarea solului
prezintd o importantd deosebitd, avand n vedere
ponderea insemnata pe care o are in consumul de
energie pentru obtinerea recoltelor. Datoritd consumului
ridicat de energie implicat in pocesul de prelucrare a
solului, chiar o economie mica reprezinta o valoare
semnificativa [1, 2].

Organele de prelucrat solul realizeaza de obicei, mai
multe procese simultan: deplasare, intindere,
compresiune, Tncovoiere, rasucire . Sculele de lucrat
solul au rolul de a transfera o cantitate de energie solului,
urmarindu-se unele efecte dorite, cum ar fi: taierea,
maruntirea, rasturnarea si deplasarea solului. Avand in
vedere reducerea consumului de energie la prelucrarea
solului, se urmareste proiectarea unor scule optime din
punct de vedere calitativ si economic al lucrarii [3].

MATERIAL S| METODA
Model matematic

Procesul de prelucrare a solului cuprinde trei elemente
esentiale: starea initiald a solului caracterizata de Tnsusirile
fizice (Si), cantitatea de energie transferata solului (W), si
starea finala a solului (Ss), [6]. Procesul de prelucrare, ca
sistem mecanic, este descris de relatia abstracta:

Sp=f(5,W). 1)

The energy (W) may be expressed depending on soil
initial and final state (Sj), (Sr), the geometry of tool (Gy),
the manner of soil manipulation and tool movement
parameters(My), respectively:

Energia (W) poate fi exprimata in functie de starea
initiala si finala a solului (Sj), (Sf), de geometria sculei
(Gy), modul de prelucrare si paramerii de exploatare ai
agregatului agricol (M), respectiv:

W =¢S;,G,M;,S¢) - v
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On the other hand, the total energy required by the
process may be expressed as a sum of the elementary
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Pe de alta parte, necesarul de energie pentru
prelucrarea solului, se poate exprima ca suma a

energy associated to each phagse of working energiilor elementare asociate fiecarei faze a procesului
process[3],, namely: de lucru [3], astfel:
w :W1+W2 +W3 +...+Wn y (3)

where Wi, W, W3,...,Wp,, represent the components of
the energy associated to different phenomena being
present in the process (e.g., cutting, breaking, moving,
friction, adhesion, cohesion etc.). The description of
these components of the energy by proper equations is a
major task in the soil tillage energy evaluation. One way
is to consider that energy is given by the sum of
elementary works done by the forces acting on a soil
particle during movement over the tool surface. In this
case, the following relation may be used:

unde: Wi, Wy, Ws, ... , W,, reprezinta componentele
energiei asociate diferitelor faze ale procesului (de ex:
taiere, maruntire, deplasare, frecare, adeziune, coeziune,
etc.). Descrierea acestor componente ale energiei prin
ecuatii corespunzatoare reprezinta o sarcina dificila n
evaluarea necesarului de energie la prelucrare solului.
Pentru simplificarea acestei probleme se considera ca
energia este data de suma lucrurilor mecanice
elementare date de fortele ce actioneaza asupra
particulelor de sol Tn timpul deplasarii acestora pe
suprafata sculelor. Astfel:

W =Wr + X (Fax + Fax +Fax +Fox + Fix + Fii ) [lx +

Z(FGy + Fay + FAy + FCy + ny + Ffiy) ldy + Z(FGZ + Faz + FAz + FCz + Ffz + Ffiz) [z ’

where: F stands for forces; Fa - for accelerations; Fg - for
gravity; Fa - for adhesion; Fc - for cohesion; Fi, Fq — for
external and internal friction; dx, dy, dz - for
displacement components; W+ — for cutting energy.

The energy required to the soil cuting (Wr), is
expressed by the product of the specific resistance of soil
cutting (ky), working width (b) and the sum of movements
in the direction of motion of the aggregate (Zdx), with the
relationship:

(4)

unde: F reperezintd componentele fortelor: Fa - de
accelerare; Fg - de greutate; Fa — de adeziune; Fc — de
coeziune; Fy, Fr — de frecare externa si interna; dx, dy, dz
— componentele deplasarilor; Wt — energia necesara
taierii.

Energia necesara taierii solului (W+), se exprima prin
produsul dintre rezistenta specifica la taierea solului (ky),
latimea de lucru (b) si suma deplasarilor dupa directia de
deplasare a agregatiului (Zdx), cu relatia:

Wy =k (b} dx. (5)

To solve the relation (4) a mathematical description of all
components of the forces and their trajectories are
necessary to be established. In order to calculate these
elements we have made the following simplified
assumptions:

- The soil furrow is divided in elementary prisms of
dx @y dz=d dimensions (d — working depth) by section
of furrow with vertical planes (V. - parallel and V7 -
perpendicular to the direction of machine movement)
(Fig. 1);

- The prisms are moving in the reverse direction of
forward speed (with the speed vy = vyy) and rotate in
the transversal plane, being in contact with the tool
surface, without breaking;

| Y

Pentru rezolvarea ecuatiei (4) se impune descrierea
matematica a tuturor componentelor acestor forte si a
traiectoriilor particulelor de sol. Pentru dezvoltarea
relatilor analitice se impun urmatoarele ipoteze
simplificatoare:

- brazda de sol se divide in prisme elementare de
dimensiuni dx, dy, dz=d (d - adancimea de lucru) prin
sectionarea brazdei cu plane verticale (V. - paralele si
V1 - perpendiculare pe directia de deplasare a
agregatului) (Fig. 1);

- prismele de sol se deplaseaza in sens invers
deplasarii agregatului (cu viteza vy = vm) $i Se rotesc
in planul transversal, fiind Tn contact permanent cu
scula, fara a se fragmenta;

VL (x=ct.)

V<

X
ct.)

VT (y

Fig. 1 - The idealization of tillage process / Idealizarea procesului de prelucrare a solului
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- Based on these considerations, the soil speed (v) is
determined by the components (vy=ct ) parallel to the
direction of the advancement of aggregate Oy and
transversal (vx) and vertical (v;) components -
contained in the plan xOz (Fig. 2);

vy e \\‘L Fc
Vx =
o\ o~ T~
’ NN
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- 1n baza acestor considerente, viteza de deplasare a
solului (v) este determinatd de componetele (vy=ct.)
paralela cu directia de Tnaintare a agregatului Oy si
componentele transversala (vx) si verticala (v;) —
continute in planul xOz (Fig. 2);

v

Soil trajectory

Fig. 2 - Representation of forces and soil movement path over the tool surface.
Reprezentarea forfelor si deplasarilor particulelor de sol pe suprafata sculelor.

- The soil prisms are undeformable. Thus, their
trajectory can be treated as trajectory of the center of
symmetry of the surface dxAdy, that is in contact with
the tool surface (point P);

- Also, it is considered that the soil-tool interaction
forces have the origin in the P point;

- The system of coordinating axes xOyz is considered
fixed in relation to the tool;

- The tool is composed of many plane surfaces ABC.
Each of these planes is tangent in an arbitrary
chosed point M(Xx, y, z) on tool surface,
characterized by the geometrical parameters of the
tool a, S, y(Table 1).

- ais the angle between the straight line AB (the intersection
of the tangent plane ABC in the point M (X, y, z) on the
tool surface with the plane yOz) and the direction Oy;

- [ - angle between the line BC (intersection the
surface ABC with plane xOy) and Ox;

- y- angle between the line AC (intersection the surface
ABC with the horizontal plane xOy) and Oy;

- @- angle between the plane ABC and horizontal plane
xOy.

The functions of variation of the geometrical
parameters a, [, y and the surface equations that
characterize the three types of tools (plane, cylindrical
and cylindroidal) are developed and previously published
in the literature [3].

The parametric equations of the soil particle trajectories
over the tool surface are obtained by integration of
equations of speed. Considering that soil prisms perform
a the movement of the furrow in the direction Oy and the
rotation in the xOz plane,we obtain: respectively:

- prismele de sol sunt nedeformabile. Astfel, traiectoria
acestora poate fi asimilata cu traiectoria centrului de
simetrie al suprafetei dx-dy, care este in contact
permanent cu suprafata sculei (punctul P);

- de asemenea, se considera ca fortele de interactiune
sol-scula au originea in punctul P;

- sistemul de axe de coordonate xOyz se considera fix
n raport cu scula;

- scula se considera ca fiind compusa dintr-un numar
de suprafete plane ABC. Fiecare dintre acestea este
tangenta la suprafata sculei intr-un punct arbitrar
M(x,z,y), caracterizat de parametrii sculei a, G, y
(tabelul 1):

- g este unghiul dintre dreapta AB (intersectia planului
tangent ABC la suprafata sculei in punctul M(x,y,z) cu
planul yOz) si directia Oy;

- [- unghiul format de dreapta BC (intersectia planului
ABC cu planul xOy) si axa Ox;

- y-unghiul dintre dreapta AC (intersectia planului ABC
cu planul orizontal de proiectie xOy) si directia Oy;

- @ - unghiul dintre planul ABC si planul orizontal de
proiectie xOy.

Legile de variatie ale parametrilor geometrici a, 8, y
si ecuatiile suprafetelor ce caracterizeaza cele trei tipuri
de scule (plana, cilindrica si cilindroidald) sunt
dezvoltate si publicate anterior 1n literatura de
specialitate [3].

Ecuatiile parametrice ale traiectoriilor particulelor de
sol pe suprafata sculei se obtin prin integrarea ecuatiilor
vitezelor. Considerand ca prismele de sol realizeaza o
migcare de translatie dupa directia Oy si de rotatie in
planul xOz, se obtine:
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Table 1 / Tabelul 1

Tool geometry / Geometria sculei, (Gi)
Plane tool / Scula plan a Surface equation / Ecuafia suprafe fei:

xOg f+yliga + z-h=0
for /pentru: x O[0, b] and/si z O[O0, h].

Geometrical parameters of the tool / a(x,y,z) =arctg(siny 0tg §,), (18)
Parametrii geometrici ai sculei: B(x,y,z) = arctg (cos yiy4,) , (29)
NX.y,2) =y =ct. (20)
« | Surface height / Indlfimea suprafetei, h, [mm]. 100
(0]
| Initial value of the angle y(for z=0) / 45
< | Valoarea initiald a unghiului y(pentru z=0), j, [°].
‘€ | Initial value of the angle & (for z=0) / 45
Valoarea initiald a unghiului 8 (pentru z=0), &, [°].
Cylindrical tool / Surface equation/ Ecuafia suprafe fei:

Scula cilindric a

(z-hy-20p| y+——0x |=0,
9 ¥y

for/pentru xO[0,b] and/si zO[0,h] .

z
\ Geometrical parameters of the tool/  p = h g g &in
Parametrii geometrici ai sculei: a(x,y,z)=arctg Lh , (21)
Z -
_ p 1
B(x,y,z) =arctg | + O , (22)
z-h tgy,
NX.y,z) =y =ct. (23)
C ? Surface height / Inalfimea suprafetei, h, [mm]. 100
X § Initial value of the angle y(for z=0) / 45
© | Valoarea initiald a unghiului y(pentru z=0), s, [0].
E Initial value of the angle & (for z=0) / 30
Valoarea initiald a unghiului 8 (pentru z=0), &, [0].
Cylindroid tool / Surface equation / Ecuafia suprafe fei:
Scula cilindroidal & )
oAy ao
20p

for/pentru x0[0,b] and/si zO[0,h].

Geometrical parameters of the tool /  p = h g gy 3in y,,

k
M(x,y,z) 4 A +— | Parametrii geometrici ai sculei: a(x,y,z)=arctg ﬁ , (24)
/’ ! o 1
v Bl B(x,y,z)=arcty (t P - D—J, (25)
4 \ l//é “\\ il W z - tgy
s Yo B ;2 h2
e p X,V,Z)=yy +—— #ct,for/pentru r = . 26
NXY2D)=po+ o= P VL
7/ eo
C Surface height / Indlfimea suprafetei, h, [mm]. 100
X ﬁ Initial value of the angle y(for z=0) / 45
8 | valoarea initialg a unghiului y(pentru z=0), ), [°].
8 | Initial value of the angle & (for z=0) / 30
‘c | Valoarea initiald a unghiului @ (pentru z=0), &, [°].
Increasing angles / Cresterea unghiurilor, Ymax - Yo, [0]. 15
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y=-1

x = [ siny Ocosy | 1 -

z=[| sinyQO

RESULTS

The elementary displacement components dx, dy, dz,
of the soil particles are calculated by using the equations
6, 7 and 8.

Thus, in the proposed mathematical model the effect
of the soil elastic deformation is neglected.

The forces of adhesion Fa and cohesion Fc and
friction forces act along the direction of tangent to soil
particle trajectory (tt).

Based on the above considerations the components
of elementary forces of the soil — tool interaction systems
are calculated. The particular relations include
parameters that characterize the initial soil condition
(e.g., y - coefficient of soil — to — metal friction; g —
coefficient of soil — to - soil friction; o - soil bulk density,
and shearing stress). For example, the friction force is
expressed by the relation:

Vsin? v +tg? a

Ov Odt = —]v,, Gt , ©6)
\/ sin? y + tg2 a
sny Ov Odt @)
\/ sin?y + tgza
Sn vy U9 a | 4y ggr. ®)

REZULTATE

Ecuatiile 6, 7 si 8 permit determinarea componentelor
deplasarilor elementare ale prismelor de sol pe suprafata
sculei.

in modelul matematic propus se neglijeaza efectul
fortelor de deformare elastica a solului.

Fortele de adeziune Fa, de coeziune Fc si fortele de
frecare actioneaza dupa directia tangentei la traiectoria
prismelor de sol (tt).

Pe baza considerentelor de mai sus, se determina
componentele fortelor elementare de interactiune sol —
sculda. Relatile dezvoltate includ parametrii ce
caracterizeaza starea initiala a solului (de ex: u -
coeficientul de frecare sol — otel; yi — coeficientul de
frecare sol — sol; p - densitatea aparenta a solului, si
rezistenta la rupere). De exemplu, forta de frecare este
descrisa de relatia:

Fr =N, ©

where: the component of normal force (N) is calculated
by using the equilibrium equation of soil — tool interaction
forces along the normal direction (nn):

- Fen tN -

Mathematical model for determining of the soil-tool
interaction forces (Fa - acceleration forces, Fg - weight ,
Fa - adhesion, Fc - cohesion, and external friction (soil-
steel) and internal (soil-soil) - Fs, Ff is shown in the
literature [4].

The projections of the interaction forces upon the
axis, of a Cartesian coordinate system xOyz, are
calculated by using the directional cosines of the normal
and tangent, that are defined according to figure 1.

Considering the normal to the tool surface at the
point M as being perpendicular to the ABC plane
(tangent to the tool surface), the directional cosines
are:

unde: componenta normala a fortelor (N), se calculeaza
folosind ecuatiile de echilibru ale fortelor de interactiune
sol — scula, dupa directia normalei (nn):

Fan =0, (10)

Modelul matematic pentru determinarea fortelor de
interactiune sol-scula (fortele de accelerare F,, de
greutate Fg, de adeziune Fa, coeziune Fc, si de frecare
externa (sol-otel) si interna (sol-sol) — Fi, Fy, este
prezentat in literatura de specialitate [4].

Proiectiile fortelor de interactiune dupa directiile
axelor sistemului cartezian de coordonate xOyz, se
determina folosind ecuatiile cosinugilor directori ai
normalei si tangentei la traiectorie, descrise in figura 1.

Considerand ca normala la suprafata sculei in punctul
M este perependiculara pe suprafata plana ABC
(tangenta la suprafata sculei), cosinusii directori sunt de
forma:

cos7, = ! , (11)
\/ 1+(tany)? +(tany Qana)?

cos7, = tany , (12)
\/ 1+ (tany)? +(tany dana)?

cost, = —tany dana (13)

The directional cosines are expressed as a function of
surface geometrical parameters at the arbitrary point M.

The direction of the tangent (tt) to trajectory is defined
by derivating the parametric equation of the soil path (eq.
6, 7 and 8), thus:

\/ 1+ (tany)? +(tany dana)?

Cosinugii directori sunt exprimati in functie de
parametrii geometrici ai suprafetei in punctul arbitrar M.

Directia tangentei la traiectorie (tt) este definita prin
derivarea  ecuatilor parametrice ale traiectoriei
particulelor de sol (ecuatiile 6, 7 si 8), astfel:
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dx

dx
costy =—/4|| —
dt dt

2 2 2
ECECH

dt dt

2 2 2
cosv; = d_y/\/[d_Xj + (d—yj + [d_Z] s (15)
dt dt dt dt
2 2 2

cosA = d_z/\/[d_xj + (d_yj + [d—ZJ . (16)

dt dt dt dt

Based on the mathematical relation of form (8), we
calculate the elementary force components and their
projections on axes of Cartesian coordinate system
xOyz, by using the relations (11 - 16).

By substituting these values in the relation (4), we
obtain the equation that permit to calculate the required
mechanical energy for soil cultivation.

The proposed model includes also the equations for
the calculation of mechanical energy associated to each
phase of the process. For example, the energy required
to overcome the friction forces may be calculated by the
following relation:

Wi = Z Ry, Lix; +X Ry Ey; +X R, [dz;

PC program
A PC program based on the previous mathematical

model has been developed for soil tillage energy

evaluation. In order to compile the program, the user
has to know the following: initial soil parameters,
geometrical parameters of tool surface and working

parameters. The parameters are listed in tables 1, 2

and 3.

The program structure (Fig. 3) is:

- Equation for the calculation of the (x, y, z) coordinates
of a number of (m.n) arbitrary points M, obtained by
the intersections of vertical planes, parallel to the
direction of travel (m) and transversal planes (n) to
the furrow. The variables m and n are imposed by the
user;

- Calculation of geometrical parameters a, S, and &in
accord with each plane surfaces ABC;

- Calculation of soil travel speed components (vx, Vy
and v;) and elementary displacements of soil particles
(dx, dy and dz) using the relations (5, 6, and 7);

- Calculation the elementary forces of soil — tool
interaction (eq. 8 and 9);

- Calculation of the directional cosines of normal and
tangent to soil particle path (eq. 10 — 15) and
directional cosine of soil — tool interaction projection
of forces upon the axes of xOyz coordinate system;

- Calculation the energy components required for each
phase of soil working process by using the relation of
form (17);

- Calculation of the specific energy required to a
surface unit tillage, in MJ/ha.

Numerical application
In order to validate the method proposed for

evaluating the mechanical energy consumption, a

numerical application has been developed to determine

tilage mechanical energy consumption for two types of

soil, characterized by the solil initial parameters (Table 2).
In application are used surfaces tools equationsfor

determining the forces of soil - tool interaction, soil

particles displacement on tools surfaces and for soil
tillage energetic system components.

10

Pe baza relatiilor de forma ecuatiei (8), se pot calcula
componentele fortelor elementare si proiectile acestora
pe axele sistemului cartezian de coordonate xOyz
utilizand expresiile (11 — 16).

Substituind valorile acestora in ecuatia (4), se vor
obtine ecuatiile ce permit calculul necesarului de energie
mecanica pentru prelucrarea solului.

De asemenea, modelul matematic propus include
ecuatiile pentru calculul componentelor energiei asociate
fiecarei faze a procesului. De exemplu, energia necesara
invingerii fortelor de frecare poate fi calculata folosind
expresia de forma:

an

Programul PC
A fost elaborat un program — PC pentru evaluarea

necesarului de energie la prelucrarea solului pe baza

modelului matematic descris anterior. Pentru compilarea
programului, utilizatorul trebuie sa cunoasca: parametrii
starii initiale a solului parametrii geometrici ai sculei si
parametrii de exploatare. Acesti parametrii sun prezentati
intab. 1, 2, 3.
Structura programului (Fig. 3) este urmatoarea:

- ecuatile pentru calculul unui numar de (m.n)
coordonate (x, y, z) ale punctelor M, obtinute prin
sectionarea brazdei cu (m) plane verticale paralele cu
directia de deplasare si (n) plane perpendiculare pe
directia de deplasare. Variabilele m si n vor fi impuse
de utilizator;

- calculul parametrilor geometrici a, S,
caracterizeaza fiecare suprafata plana ABC;

- calculul componentelor vitezelor de deplasare (vx, Vy
si v;) si a deplasarilor elementare ale prismelor de sol
(dx, dy si dz) utilizand relatiile (5, 6 si 7);

- calculul fortelor elementare ale sistemului
interactiune sol — scula (ecuatiile 8 si 9);

- calculul cosinusilor directori ai normalei si tangentei la
traiectoriile particulelor de sol (ecuatiile 10 — 15) si
cosinugii directori ai proiectiilor fortelor de interactiune
dupa axele sistemului cartezian de coordonate xOyz;

- calculul componentelor energiei necesare fiecarei
faze a procesului de prelucrare utilizdnd epresiile de
forma ecuatiei (17);

- calculul energiei specifice, necesare prelucrarii unitatii
de suprafata, Th MJ/ha.

Aplica tie numeric a
Pentru validarea metodei propuse pentru evaluarea

necesarului de energie la prelucrarea solului se prezinta

o aplicatie numerica pentru calculul consumului de

energie mecanica Tn doua tipuri de sol, caracterizate de

parametrii starii initiale descrigi in tabelul 2.
in aplicatie se utilizeaza ecuatiile suprafetelor sculelor

pentru determinarea fortelor de interactiune, a

deplasarilor particulelor de sol si ale componentelor

sistemului energetic.

si y ce

de
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The obtained results indicate the total energy
consumption W (Table 4) as well as its components
(energy losses W, and useful energy Wy).

( BEGINY )
1

Read-initial-dates:-Surface-equation, ¥
m,-N,-N,~o 8o, -W,-ps 1M Ta Ta Vi f1,-0. 9]

Planeq
tool
Cylindrical
toole]
Cylindroidal
tool
Computes:q

Elementary-displacements- of-soil-particles-dx, -dy-and-dz-(eq.-6,-7,-and-8)f

'

Computes:q
Elementary- forces-of-soil-—toal-interaction-(eq.-9-and-10)y

'

Computes:|
Directional-cosine-of-normal-and-tangent-at-soil-particle-path- (eq.-11-—16)9

'

Computes:q
W, W, We,- Wa,-We, Wy - W, W,,- Wi(eq.17)-and W eq.-4)]

'

Write-Results:q]
Wu;'%_' Wﬂ

]
( ENDY )

Fig. 3 — Bloc diagram of the PC Program /
Schema logica a programului de calcul

de energie W, si energia utila W,).

Computes:y
a,-3,-and-8-(eq.-18,-19,-20)8

—
1

Computes:|
a,-5-and-6-(eq.-21,22,23)8

Computes:q
a,-3,-and-8-(eq.-24.-25 -26)8

I
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Rezultatele obtinute indica consumul total de energie
W (Tabelul 4), precum si componentele sale (pierderile

Components that determine the energy losses are
due to the forces of gravity, friction forces of soil - tool ,
friction of the soil - soil and soil adhesion.

It is considered that the energy required to soil
accelerating, lifing and moving is transmitted to soil,
ensuring its shredding.

Soil initial parameters /

Componentele care determina pierderile de energie
se datoreaza fortelor de greutate, fortelor de frecare sol —
scula, a frecarii sol — sol si adeziunii solului.

Se considera ca energia necesara accelerarii solului,
ridicarii si deplasarii, se transmite solului asigurand
maruntirea acestuia.

Table 2 / Tabelul 2

Parametrii st arii ini fiale a solului , (Si)

Soil Texture / Textura solului Clay/hior/;il 5 Clai-/g;.i\or/ogil 3
Moisture / Umiditatea, w [%] 14.67 11.98
Density / Densitatea, px [t/m3] 1.75 1.85
Friction coefficient / Coeficientul de frecare, u 0.428 0.372
Internal friction coefficient / Coeficientul de frecare internd, f4 0.418 0.398
Adhesion coefficient / Coeficientul de adeziune, 7, [kN/mz] 3.90 3.04
Cohesion coefficient / Coeficientul de coeziune, r, [kN/mz] 47.84 39.62

Working parameters / Parametrii de exploatare,

Table 3 / Tabelul 3
M)

Speed / Viteza maginii Vim, [m/s] 2
Working depth / Adancimea de lucru d, [cm] 15
Working width / Ldfimea de lucru b, [cm] 25

11
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Table 4 / Tabelul 4

Mechanical energy required to till the surface unit /
Necesarul de energie mecanic & pentru o suprafa ta unitar a [MJ/ha]

Tool type / Soil type / W Wy= Wc+Ws, Wp= Wi+Wi+Wa,

Tipul sculei Tip sol [MJ/ha] [MJ/ha] [MJ/ha]
Plane / 44.60 % clay 539.45 490.12 49.33
Plana 19.20 % clay 522.37 479.51 42.86
Cylindrical / 44.60 % clay 676.23 611.80 64.43
Cilindrica 19.20% clay 647.83 586.92 60.91
Cylindroid / 44.60 % clay 698.74 628.63 70.11
Cilindroidal& 19.20 % clay 686.55 618.18 68.37

CONCLUSION CONCLUzII

Evaluation of the energy in the tillage process is an
important objective that may be solved, in a proper way
starting from the mathematical description of the process.
In this paper a mathematical model for mechanical
energy evaluation is presented. Based on this model a
computer program was developed. The program is
structured in three subprograms designed to the
calculation of displacements dx, dy, dz, the forces and
the energy (W) within the process.

The results have shown that plane tools involves a
minimum energy consumption. Increase the energy
requirements by 15-25%, for cylindrical and cilindroid
tools is due to increment of soil acceleration forces
and trajectory length of soil particles on the tools
surface.

Analyzing the results, as compared to the previous
research results, it has found that the higher consumption
of the mechanical energy for the cylindrical and cylindroid
tools, is justified by increasing the soil shredding.
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Evaluarea necesarului de energie in procesul de
prelucrare reprezinta un obiectiv important, care poate fi
rezolvat, intr-un mod adecvat pornind de la descrierea
matematicd a procesului. In aceastd lucrare este
prezentat un model matematic de evaluare a energiei
mecanice. Pe baza acestui model a fost elaborat un
program de calculator. Programul este structurat n trei
subprograme desemnate pentru calculul deplasarilor dx,
dy, dz, fortelor si energiei (W) aferente procesului.

Rezultatele obtinute demonstreaza ca sculele plane
implicd un consum minim de energie. Cresterea
necesarului de energie cu 15-25%, in cazul sculelor
cilindrice si cilindroidale se datoreaza cresterii fortelor de
accelerare a solului si a lungimii traiectoriilor particuelor
de sol pe suprafata sculelor.

Analizand rezultatele obtinute, comparativ cu rezultatele
cercetarilor anterioare, se constata ca pentru sculele
cilindrice si cilindroidale, consumul mai mare de energie
se justifica prin cresterea gradului de maruntire a solului.
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Abstract: The advantages and disadvantages of different
constructions of machines for planting seedlings are
analyzed. A new construction of machine for planting seedlings
with sections that move in lateral direction is presented.
The trajectory of the characteristic point of the section for
planting seedlings during the movement of the unit is
defined. The strengths of the reaction of the soil, acting on
the cheek of the coulter by its lateral movement are defined.

Keywords: coulter, motoblock, machine for planting
seedlings, slope, force, power
INTRODUCTION

There are many machines for planting seedlings of various
constructions, which are intended for planting of
seedlings on the plain. Setting a specified row-width
spacing (distance between sections for planting

seedlings) in these machines is done manually. It took a
lot of time and effort.

We developed a mechanism for lateral movement of
the sections of machine for planting seedlings. It allows
you to change quickly the row-width spacing even during
the work [8, 9]. Such immediate and rapid change of the
row-width spacing may be necessary by planting of
different crops, by the work on the small plots, in various
environmental conditions, on the slopes. Developed
mechanism is provided mainly for two sections and can
move both sections in one way or another to ensure the
sustainability movement of the unit on slopes. A lateral
movement of the section with the coulter changes the
direction of the unit, which moves along the slope and
corrects this direction.

In scientific papers [3, 4, 5, 10] and in various
constructions of machines for planting seedlings [1, 2] the
issues of optimum parameters and operating conditions
of apparatus for planting seedlings as well as the coulter
are settled. But, there are not discussed the forces acting
on the coulter by its lateral movement. There are not
taken into account the possibilities of stabilization of the
specified direction of movement of the unit on the slopes
by the creation of additional reactions to displacement
and to turn the unit in required direction.

MATERIAL AND METHOD

In works [6, 7] is described the construction of the
mechanism for lateral movement of the section and
grounded a perspective of its employment on the small-
sized equipment. Theoretical researches of these works
allowed to define the value and the point of application of
the forces acting on the cheek of the coulter by its lateral
movement, but only for some cases of the deformation of
the soil along the line of the profile of its surface at the
cheek of the coulter (“day-surface”) and at the bottom of
the coulter. It is characterizing only a certain condition of
the soil at the present moment. As is known, the difficulty of
description of “behavior” of the soil at the time of deformation,
as well as a large range of variables properties make it
difficult to define the dependence, that can characterize
the line of the profile of the soil surface. So for the most
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Pe3rome: [IpoaHanizogaHo nepeeasu ma Hedoniku
Pi3HUX KOHCMpYKUiti po3cadocadurnbHux mMawuH. lNodaHa
Ho8a KOHCMpyKuisi po3cadocadusibHOI  MaliuHU 3
cekuiamu, sKi nepemiwyyromscsi 8 60KO8OMY HarnpsMKy.
BusHauyeHa mpaekmopisi nepemiueHHs XapakmepHOi
moyku caldusibHoOi cekuil nid 4ac pyxy aespezamy.
BusHayeHa cuna peakuii rpyHmy, wo Oie Ha WOKy
COWHUKa rfpu i020 60KOBOMY repeMilleHHI.

Knroyoei cnoea: cowHuk, Momobrok, poscadocadusibHa
MawuHa, cxus, cuna, nomyxHicms

NEPEOYMOBA

IcHye ©Garato po3cagocagunbHUX MallUH  Pi3HUX
KOHCTPYKUIiN, SIKi Npu3HayeHi Ans cadiHHA po3caan Ha
piBHVHI. BcTaHOBMNEHHS 3agaHOi  WWMPUHU  MiXPSOb
(BigcTaHi MiX cagunbHUMKU CeKUiSMW) B JaHUX MalLUHaX
BMKOHYETbCS BPy4Hy. Ha ue 3atpavaetbca GaraTo vacy i
3yCunb.

Mwu po3pobunv mexaHiam Ans nornepeyHoro nepemilleHHs
CeKkuin poscagocagunbHoi  mawwuHu. Lle possonsie
WBKAKO  3MiHIOBaTW  LUMPUHY  MIXPSAAs  HaBiTb
GesnocepenHbo nig 4ac pobotn [8, 9]. Taka TepmiHoBa i
WBMaKa 3MiHA LUMPUHK Mikpsiab Moxe Byt HeobxigHa npu
CafliHHi Pi3HNX KynbTyp, Npu poboTi Ha ApPiOHOKOHTYPHMX
OiNsHKax, B Pi3HOMaHITHUX 30BHILLUHIX YMOBaX, Ha Cxurax.
Po3pobrnieHnii MexaHiam nepegbaveHnii, B OCHOBHOMY, Ansi
[BOX CeKLUil i MOXxe nepemillyBaTn obuasi cekuin B OgWH
M iHWKA Bik ona 3abe3neyeHHs CTIMKOCTI pyxy arperaTy
Ha cxunax, ykrnoHax. [NonepeyHe nepemilleHHst cekuii 3
COLUHMKOM 3MIHIOE HamnpsIMOK pyxy arperaty, SKun
PYXa€eTbCHA MO CXMMY i KOPEKTYE AaHUI HAMPSIMOK.

B HaykoBux pobotax [3, 4, 5, 10] i B pi3HuUx
KOHCTPYKLiAX po3cagocagunbHux mawuH [1, 2]
BUpILWEHI NWTaHHA ONTMManbHWUX nNapameTpiB i
pexumiB poboTM cagunbHOro anaparty, a TaKkoxX
COWHWKa. Ane He po3rnaHYyTi CUNu, WO AiloTb Ha
COWHMK NpuM KOro nonepevyHoMmy nepemilieHHi. He
BpaxoBaHi MOXIMBOCTI cTabinisauii 3apaHoro
HanpsiMKy pyxXy arperaty Ha cxunax 3a paxyHokK
CTBOPEHHHA [O04aTKOBMX peakuii Ana 3MilleHHs i
NnoBepTaHHs arperaTty B He0OXigHYy CTOpPOHY.

MATEPIAN | METOOUKA

B pobotax [6, 7] onucaHa KOHCTPYKUIS MexaHiamy
nonepeyvyHoro nepemilleHHs cekuii i obrpyHToBaHa
NepcrnekTUBHICTbL ii 3acToCyBaHHS Ha MarnorabapuTHin
TexHiui. TeopeTwyHi  gocnimkeHHs  gaHux  pobiT
[O3BONMUIMU BU3HAYUTU BEMNUYMHY | TOYKY NpUKNagaHHs
Cuvn, Lo AitoTb Ha LLOKY COLUHMKA MPW AOro NonepeyHoMy
nepeMilleHHi, ane TiNbkn OnNa  Oesknx Bunagkis
nedopMyBaHHs I'pyHTY Mo NiHii Npodinto Koro NoBepxHi y
LLIOKM COLUHMKA («JEeHHa MOBEepXHs») Ta y woro gHa. Le
XapakTepusye nuvue neBHWA CTaH [PYHTY Ha JaHun
MOMEHT. Ak BigOMO, TPYAHOLLI onucy “noBeAiHkn” rpyHTY
B MOMEHT AedOopMyBaHHS, a TaKOX BENWKUA Aiana3oH

3MiHHMX  BMAacTMBOCTEN  YCKNaOHIOTb  BU3HAYEHHS
3anexHOCTI, WO MOoXe oxapakTepu3dyBaTu MiHilo npodinto
NnoBepxHi  rpyHTy. TomMy Ans  Haibinbl  MOBHOI
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complete characteristics of the researched process we
must consider the various options of these
dependencies. This article continues the researches of
this process.

As stated above for high quality work on the slopes
(mainly slope up to 15°) we proposed the unit, which
consists in motoblock with machine for planting
seedlings with movable (in the transverse direction)
sections with disk-type apparatus (Fig. 1). A special
mechanism, which operator of motoblock engages-
disengage by the handle, ensures movement of each
section in the necessary direction. This mechanism
ensures also a simultaneous rising of the sections [8, 9].

INMATEH — Agricubtusal Engineering

XapaKkTepuCTVKN  JOCMiMKYBAHOMO  Mpouecy  HeobxiaHo
PO3rNAHYTU Pi3HOMaHITHI BapiaHTU OaHUX 3anexHOCTEN.
B paHin cTtatTi NpoAoBXYeETbCA AOCHIOKEHHA OaHOro
npouecy.

Ak Oyno 3asHayeHo Bue Ans AKICHOT poboTu Ha
cxunax (B OCHOBHOMY KpyTicTio go 15°) Hamm
3anpornoHoBaHWn  arperaT, SKWA  cKnagaeTbCa 3
MOTOBMOKY 3 CagWmnbHOK MALUMHOK 3 nepecyBHUMK (B
MornepeyHoMy  HampsiMKy)  CceKkuisMu 3 anapaTtom
auckoBoro Tvny (puc.l). CneuianbHUin MexaHi3m, SKUR
onepaTop MOTOBMOKY BMWKae-BUMWMKAE PYKOATKOMO,
3abes3neyye nepemilleHHs KOXHOI cekuii B HeobXigHy
CTOpOHY. [aHuin MexaHiaM pa3oM 3 nepecyBaHHAM
3abesneyye Takox ogHoYacHe nigHiMaHHS cekuin [8, 9].

Fig. 1 — Motoblock with machine for planting seedlings with sections that moves in lateral direction /
Momobnok 3 po3cadocaduribHO MawUHOK 3 CEKUIIMU, SIKi nepemMiuytombcsi 8 6OKOBOMY HarpsiMKy

RESULTS

For the performance of this mechanism it is necessary
to determine the trajectory of movement of characteristic
point of section for planting seedlings during its raising by
the unit moving.. We take this point By in the place of
attachment of the lever to the coulter (Fig. 2 and Fig. 3).
Lever connects the output shaft (point O on Fig. 2) of the
mechanism with a point By, and its length is equal to R.
Angle between the lever and the x-axis is equal to fo.
Point Bo makes a complex movement: transient at the
motion speed of the unit v and relative around the point O
at the angular speed w.

We take the origin of coordinates at the point O; we
direct the x-axis on a course of movement of the unit and
the y-axis - down (Fig. 2). At the initial moment of time the place
of attachment of the lever to the coulter is at a point By, the
coordinates of which are expressed by the equations [7, 8]:

PE3YIIbTATU

Ona xapaktepucTtukm poboTu [aHOro MexaHiamy
HEeOOXiQHO  BM3HAYUTU  TPAEKTOPIID  MEpPEMiLleHHs
XapakTepHOI TOYKM cagunbHOi  cekuii nig vac i
nigHiMaHHA nNpu pyci arperaTty. NpuimMaemo Lo To4uky Bo
B Micli KpinneHHst Baxens OO COLIHMKA (pucC. 2 Ta puc.
3). Baxinb 3'egHye BuxigHui Ban (Touyka O Ha puc. 2)
MeXaHi3My 3 TOYKO Bo, | AOBXMHA Noro gopisHoe R. Kyt
MK Baxernem Ta Biccio X pJopiBHOE Bo. Toyka Bo
30INCHIOE CKNagHMI pyX: NEPEHOCHUA 3 LWBUAKICTIO pyxy
arperaty VvV i BiOHOCHMA HaBKkono To4ykM O 3 KyTOBOI
LUBUAKICTIO W.

Mpuiimaemo novaTok koopauvHat B Touui O; Bicb X
HanpaBMMO MO XOA4y PyXy arperaty, a BiCb Y — BHU3 (puC.
2). B noyatkoBMIi MOMEHT Yacy MicLle KpinneHHs Baxens
[0 COLHMKA 3HAaXOAuTbCHA B Touui By, KoopAMHATU siKOI
BUPaXaKTbCA PIBHAHHAM [7, 8]:

Xo = - R cos Bo,
yo= R sin Bo. Q)

v
f
B
B /Q) Yo
R
By By
xﬂ

h

Fig. 2 — Scheme to defining the trajectory of motion of a point B, /
Cxema 00 8U3Ha4YeHHs mpaekmopii pyxy mouyku By
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After a certain time interval t the shaft from the point O
will move to the position O; and will make its way vt.
During this same time the lever will turn on the angle wt.
Point By go into position B, then the coordinates of this
point are expressed by the equations (81 = Bo — wt):

INMATEH — v4¢ziculhwzl é_nM eeting

Yepe3 neBHUI MpomikoK 4Yacy t Ban 3 Toukm O
nepemMicTutbCca B nonoxeHHst O; i npovge wnsax vt. 3a
Ller caMui Yac Baxifnb NpoBepHeTbCs Ha KyT wt. Toyka
Bo neperige B MONOXEHHs B, ToAi KOoopAuMHaTW AaHol
TOYKM BUP@XaKOTbCS PiBHAHHAM (B1 = Bo — wt):

Xg =Vt — R cos B1 = vt — R cos(Bo— wt),

ye = R sin B1 = R sin(Bo— wt).

Equation (2) represents the trajectory of the absolute
motion of a point B (Bo).

Thus, if at the initial time the coulter was landed in soil
at a depth h, so after a time interval t it will be already
landed in soil at a depth h; (Fig. 3). From Fig. 2 and Fig.
3 we define hy:

hi1 =h = (yo - ys8) = h — R[sin Bo(1 - cos wt) + cos Bo-sin wt].

The raising of the section by its movement ensures
the reduction of the area of the lateral surface of the
coulter that is found in soil and, accordingly, the
reduction of the reaction of the soil at this coulter that
ensures smaller energy consumption on the execution of
this process.

By the movement of the coulter (of the section with the
coulter) in transverse side were formed the force
moments, which try to turn the unit (motoblock with
machine for planting seedlings) in the opposite side of
the movement of the coulter. The main support points of
this unit are two wheels of motoblock that are on the same
line. Therefore, the coulter that is arranged behind these
wheels (machine for planting seedlings is arranged
behind the motoblock), while moving in the direction of
the lower side of the slope turns the front of the unit in the
direction of the upper part of the slope. It corrects the
direction of movement of the unit in case of its rejection
in the direction of the lower side of the slope or its
slipping and it is ensured the stability of a given direction
of the movement.

For the full performance of this mechanism, we must
define the force acting on the part of the coulter, which is
landed in the soil. For these calculations we take the
worst option, i.e., the initial position of the coulter, when
it is landed in the soil and, accordingly, the reaction of
the soil on it, is maximum. All the other positions of the
coulter will be a special case and will be easily
calculated according to the methodology for the initial
position of the coulter.

At the initial time, the coulter abcd is arranged in
position at a depth h in soil and area of the lateral
surface, which is arranged in the soil, will be area of a
curvilinear trapezoid aknd (Fig. 3). By further work of the
mechanism the coulter will move aside and
simultaneously raising up in an arc with center at the
point O'. After a certain time intervals the coulter will hold
different positions. One of these positions of the coulter
is shown by broken line.

As stated above for the most complete characteristics
of researched process it is necessary to take different
variants of form of the surface of the soil near cheeks
coulter, namely lines kn and ad (Fig. 3). In works [6, 7] it
was taken that curve line kn which is described by the
functions of the form (there were taken four functions
that are most appropriate for description of the curve line
kn for different soil types): 1) z=Asin wx + h2)z=A
COS WX + Qo, 3)z=ax2+bx+c(a<0),4)z=c+x”(0<
n < 1). For the fifth case for description of the curve lines
ad and kn were taken functions: z; = A sin wX + o, Z2 =
c+x"(0<n<1).
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PiBHsiHHA (2) BMpaxaloTb TpaekTopito abconoTHOro
pyxy Touku B (Bo).

TakMm 4YMHOM, SKWO B MNOYATKOBUA MOMEHT 4acy
COLLUHUK ByB 3aHypeHuii B I'pyHT Ha rmMnbuHy h, To Yepes
NPOMIXXOK 4acy t BiH yxe Oyaoe 3aHypeHui B I'PYHT Ha
rmmbuny h; (puc. 3). 3 puc. 2 Ta puc. 3 Bu3Havaemo hy:

®)

MigHimaHHs cekuii npu 1T nepecyBaHHi 3abe3nevye
3MEHLUEHHsT nnoli GOKOBOI MOBEPXHi COLWHMKA, WO
3HaxoAuUTbCsA B [PYHTI i, BIiANOBIAHO, 3MEHLUEHHS
peakuii I'pyHTY Ha OaHui CcowHMK, Wo 3abesnedvye
MEeHLWi 3aTtpaTu eHeprii Ha BWKOHAHHA [[aHOro
npovecy.

Mpu nepemileHHi cowHmka (cekuii 3 COLHMKOM) B
rnonepeyHoMy HanpsMKy YTBOPHOETLCA MOMEHT CUnu,
AKUIA HamaraeTbCs MOBepHyTU arperat (MOTo6mok 3
pO3CafoCafunbHO  MaLIMHOK) B MPOTUIIEXHUNA
nepeMilleHH0 cowHuka 6ik. OCHOBHUMK To4YkaMu
onopu JaHoro arperaty € ABa koneca MoTobnoka,
O po3TaloBaHi Ha OAHIA NiHii. TOMY COLUHWK, L0
3HaxoAMTbCA No3afy AaHux Konic (poscagocagunbHa
MallMHa 3HaxXoAMTbCA nosagy MoTobnoka), npwu
nepemiwleHHi B HWXHIW  Bik cxuny po3BepTae
nepegHl0 4YacTWHy arperaty B HanpsMKy BepXHbOi
yacTuHM cxuny. Lle KopekTye HanpsmMok pyxy
arperaTty y pasi MOro BiAXUMEHHS BHU3 MO CXUMY 4K
cnoB3aHHsa | 3abe3nedye cTabinbHiCTb 3agaHoro
HanpsiMKy pyxy.

[N NoBHOI xapakTepucTukn poboTy AaHOro MexaHiamy
HeobXiaHO BU3Ha4MTK cuiy, WO Ai€ Ha 3aHYpeHy B I'PYHT
YaCTVHY COLIHMKA. NS AaHWX po3paxyHKiB NpuiiMaemo
Hauripwin  BapiaHT, TOGTO MNOYaTKOBE MOSOXKEHHS
COLUHMKA, KONW BiH 3aHypeHWA B IPYHT MaKCUManbHO i,
BiANOBIAHO, peakuisi 'PYHTY Ha HbOro € MakKCMMarnbHOM.
Bci  iHWIi nonoxeHHs cowHuka OyayTb  YaCTUHHUM
BUMaAKOM i Ferko po3paxoByBaTUMYTbCS 33 MPUAHSATOD
METOAMKOIO A1 NOYaTKOBOIO NMOSOXEHHS COLUHUKA.

B noyatkoBuUi MOMEHT Yacy colHuK abcd 3HaxoauTbes
B 3aHypeHOMYy Ha rmuMbuHy h B IpYHT MNOMNOXEHHI i
nnotleo GOKOBOI MOBEPXHi, O 3HAXOAUTLCHA B I'PYHTI
Oyne nnowa kpueoniHiiHOI Tpaneuii aknd (puc. 3). Mpu
noJanbiuin poboTi MexaHiaMy colLHVK Byae nepemillyBaTuch
B Gik i ogHo4acHo nigHiMaTMCb yBEpPX Mo Ay3i 3 LEHTPOM B
Toudi O'. Yepes neBHi MPOMKKM 4acy COWHMK Oyae
3anmat pisHi nonoxeHHs. OpgHe 3 TakMx MONOXeHb
COLLHMKa NMOKa3aHO MYHKTUPOM.

Ak Oyno 3asHayeHo BuWe Ana Hanbinbw NOBHOI
XapaKTepuUCTMKM [OCNigXyBaHOro npouecy HeobXigHO
NPUAHATA  PI3HOMAaHITHI BapiaHTM OPMU  MOBEPXHI
I'PyHTY Oing LWOKM COLWHKMKa, a came niHii kn i ad (puc. 3).
B poGotax [6, 7] Oyno npunHATO, WO KpuBa kn
onucyeTbe yHKUiAMKU BMZY (OyNo MPUAHATO YOTMPWK
YHKUIT, WO HanbinbWw nigxoasTe ANst onucy KpvBoi kn
ONns pi3HUX TUNiB rpyHTiB): 1) z=Asin wx + h, 2) z=A
COS wX + (o, 3)z=ax2+bx+c(a<0),4)z=c+x”(0
< n<1). Ana n'atoro Bunagky ansa onucy kpmeux ad i kn
Bynu NpunHATI yHKLIT: z1 = A sin wx + @o, zz=c + X" (0
<n<1).
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Fig. 3 — Scheme to determining the value of the force F and coordinate xc of the point C of its action on the coulter /
Cxema 0o 8u3HavyeHHs eeniuduHuU cunu F i koopduHamu Xc moyku C ii 0ii Ha COWHUK

Continuing these researches for our case with certain
assumptions and based on our preliminary experimental
researches we can take that the curve lines kn and ad,
accordingly, are described by the following functions:
Z2 = Ay COS WX + Qo tC,71 = A1 Sin wix + Po.

The state of the soil near coulters cheek is considered
in the broader perspective, namely, when the soil surface
is described by a function y, = A, cos wxX + @o + ¢, and
specifically for the coulter z = A; cos wox + h (line kn),
and at the bottom — by the function y1 = A; sin wix + @o,
and specifically for the coulter z; = A; sin wix (line ad).
Such curve line is formed through the existence of a
curved surface directly near the coulters cheek, because
of the fact that during the previous tillage deeper than the
depth of the coulters motion by planting seedlings, in it
are formed the cavities and globs, and therefore the
contact with such surface does not occur in a straight line
(Fig. 3).

We direct the axes of coordinates as shown in Fig. 3.
Z-axis passes through the joining point k of the front edge
of the coulter with the surface of the soil, while the x-axis
- along the bottom of the furrow. The length | of the surface
aknb we take as the average between constructively
known sizes bc and ad of the coulter. It is known from the
theory that for practical calculations the force F acting on
the surface S is determined by the formula:

where k — soil resistivity,
S — surface area.

To simplify we neglect area Oka (Soka), because of its
value which is much less than the area aknd (Saknd).
Thus, we take that the landed in the soil part of the
coulter is the area Oknd (Sokng).- We will define its value.

If S is area, which located between the curve lines z;
and z,, then we have:

Lj f(x 2)dxdz = j

Mpogoexytoun AaHi AOCNIMKEHHS AN HALOro BUMaaKy
3 MEBHUM MPUMYLLEHHAM i CNMParoYMCh Ha Halli nonepegHi
eKcnepuMeHTanbHi AOCMIAKEHHA MOXEMO MPUAHATY, Lo
kpmBi kn i ad BignNoBiQHO ONUCYOTbCS  HACTYMHUMM
YHKLSMU: Z2 = A COS W2X + Qo + C, Z1 = A1 Sin wiX + @o.

CtaH rpyHTy 6insi WOKN COWHWKa PO3rNsgaETeCs B
GinblLU LUMPOKOMY acnekTi, a came KONMU Ha MOBEPXHI
I'PYHTY BiH ONUCYETLCA QOYHKUIE Y2 = Az COS WaX + o +
C, | KOHKPETHO ANS COWHMKa Zz = Az oS wyX + h (ninisa
kn), a y gHa — dyHkuielo y1 = A; Sin wiX + @o, |
KOHKPETHO ANsi COWHUKA Z3 = Aq Sin wix (NiHist ad). Taka kpvsa
TiHist  YTBOPIOETBCA Yepe3 HasiBHICTb KPWMBOI MOBEPXHi
6es3nocepenHbO Y LOKM COLUHMKA 4Yepe3 Te, WO npu
nonepegHLoMy 06pobiTky I'pyHTY Ha GinbLuy rAMGUHY HixX
rmmbuHa Xoay COLUHMKa NpuW cafiHHSa po3cagu, B HbOMY
YTBOPIOIOTLCA MOPOXHWUHW | TPYAKW, | TakUM YUHOM
KOHTaKT 3 TaKkol NOBEepXHEeto He BiabyBaeTbCA MO MPSAMIN
niHii (puc. 3).

HanpaBuMmo oci koopauHaT K nokasaHo Ha puc. 3.
Bicb z npoxoanTb Kpi3b TOUKYy K CTUKY NnepeaHbol KpOMKU
COLUHMKa 3 MOBEpPXHEl TPYHTY, @ BiCb X — MO AHY
©oposeHkn. [oBxuHy | noBepxHi aknb npurimMaemo sk
cepenHi0 MK KOHCTPYKTMBHO BigOMMMMK po3Mipamu bc i
ad cowHuka. 3 Teopii BiAOMO, WO ANA NPaKTUYHUX
po3spaxyHkiB cuna F, Wo Agie Ha gaHy noBepxHio S
BM3HAYaETbCA 3a (POPMYIIOH:

ks, 4)

ge k — nutomuin onip rpyHTy,

S — nnowa noBepxHi.

[nsa cnpolleHHsa HexTyemo nnoweto Oka (Soka), OCKINbKK
il BennunHa Habarato MeHwe nnowi aknd (Saknd). Takum
YMHOM, MPUAMAEMO, LLIO 3aHYPEHOK B I'PYHT YaCTUHOO
colwHuka € nnowa Oknd (Soknd). BuaHaumMmo i Benuumny.

Akwo S — obnacTb, WO 3HAaXOAMTLCS MiX KPpUBUMU Z; i
Z2, TO MAEMO:

b 2(x)
j f(x 2)dxdz (5)
a z(x)

| Aycosw,xth | | | |
Soxnd = ” f(x z)dxdz = I Idxdz= I (A, cosw,x+h— A, sin w; x)dx = AZ.[ cosw, xdx + hj dx - Aljsin wxdx  (6)
S 0 A sin wyx 0 0 0 0
We define integral, and have: OOpaxoByto4m iHTerparn, ogepXXyemo:
Soknd = (Az sin wal)/wz + hl— As(1 — cos wal)/ws. (7)

From the formula (4) we can define the force F acting
on the surface Soknd:

3 cdopmynu (4) MOxXemo BU3HauUTK cuny F, Wwo gie Ha
NOBEPXHIO Soknd:

F = K[(Az sin wal)/w2 + hl — A1(1 — cos wal)/w]. 8)
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It is known from the theory that such force is applied at 3 Teopii BiooMo, WO Taka cuna npukrnageHa B Touui
the point of the center of gravity of this figure. From the LeHTpa TSXIHHA fOaHoi dirypn. 3 BigOMOI MeToauKu
known method of definition of coordinates of the center of BU3HAYEHHSI KOOPAWHAT LIEHTpa TSHKIHHA NIOCKoi dirypm

jde jxds J'zds J-xf(x)dx

gravity of planar figure we have: Xs = < and MaeMO: Xc = — i Zs = abo X :T
jzds jxf(x)dx j[ £(x)]2dx j[ £(x)]2dx

Ze =T, Or X =T and z- :T' i Z: :T BusHavaemo koopauHatu ans

We define the coordinates for our case, i.e. for the plane Haworo Bunagky, T00TO pAna nnowmHn Oknd. 3
Oknd. Using the formula (6) the abscissa of the point C BUKOPUCTAHHAM chopmMynu (6) 3HayeHHs abcumcu TOYKM

will be: C bype:
| A, cosw,x+h |
” f(x z)xdxdz '[ '[XdZdX J-(Azxcosa)zx+ hx— Axsincay Ydx
__S _0 Asnax _ 0 —
XC = = = =
SOknd SOknd SOknd
coswl -1 | . hi? sinayl
AQ( 54 +Ismwzlj+—A1(wl—l(1—cosa)ll)J
_w @ 2w\ o ©
A, sinw)l +hi- A (L-coswl)
) 2]

The value of zc comes out lengthy and for these 3HayeHHs Zc BUMXOAMTb TPOMI3OKMM Ta Ans AaHux
researches is not of interest. [ocnigxeHb iHTepecy He NpeacTaBnse.

We will define the value of the force F acting on the BuaHaumo BenuunHy cvnu F, WO Aje Ha oKy COLLUHMKA.
coulters cheek. For practical calculations we take: soil [na npakTU4HUX po3paxyHKiB NpUMMaeMo: NMTOMUIA onip
resistivity k = 30 kPa; amplitudes A; = 0.02 m, A; = rpyHTy k = 30 klMa; amnnityan A; = 0,02 m, Az = 0,05 m;
0.05 m; circular frequencies wy = 125.6 m™, w, = 94.2m™;  Kpyrosi YyacToTm w; = 125,6 M”, wo = 94,2 M''; cepeanst
the average length of the coulter | = 0.3 m; maximum [OBXVHA colwHuKa | = 0,3 M; MakcuMaribHa rmmbuHa 3aHypeHHs
depth landing in the soil of the coulter h = 0.2 m. CowHmka B rpyHT h = 0,2 m. Migctaenswoumn Ui gaHi B
Substituting these data in the formula (8) we get: Foknd = dopmyny (8) ogepxyemo: Fokng = 1,8 kH. MNpwn wseuakocTi
1.8 kN. At a velocity of sections move v = 0.2 m/s, we get nepemilleHHs cekuii v = 0,2 M/c, 0OaepXyeMO BENUUUHY
the value of power for its move N = Fokng * V = 0.36 kW. NOTYXXHOCTi Ang il nepeMiwieHHs N = Foyng - V = 0,36 kBT.

This mechanism is designed for use on small-sized [aHnii MexaHi3aM Npu3HayYeHuin Ansi BUKOPUCTaHHSA Ha

equipment (motoblocks) with an average engine capacity ManorabapuTHii TexHiui (MoOTOGnokax) 3 cepeaHbo
5-6 kW. From this calculation, it is clear that this power NOTYXHICTIO ABUryHa 5-6 kBT. 3 poapaxyHkiB BUAHO, WO
satisfies the conditions of work. Taka NoTYXHiCTb 3a40BOMbHSAE YMOBaM poboTy.

From the formula (3) we define the depth landing in 3 dopmynu (3) BM3HAUMMO TNUOUHY 3aHypeHHs
the soil of the coulter in a period of time of 1 s. This COLUHMKA B TI'PYyHT 4epe3 Mpomikok yacy B 1 c. OaHun
period of time is sufficient for correction of the direction of NPOMIDKOK Yacy € OOCTaTHIM ONns KOPEryBaHHsi HanpsiMKy
movement of the unit, i.e., to turn the front of the unit pyXxy arperaty, TOGTO A5l pO3BOPOTY NEPEAHbLOI YaCTUHMN
(motoblock) towards the upper side of the slope. We arperaty (MOTO6noOKy) B 6ik BEPXHbOI YACTUHWU CXUIY.

have the constructive values: R = 0.5 m, B = 30°, w = Maemo KOHCTPYKTUBHI 3Ha4eHHs: R = 0,5 M, Bo = 30°, w =
0.4 rad/s. Substituting these values in the formula (3), we 0,4 papg/c. MNMigctaenstoun aaHi 3HadeHHa 'y dopmyny (3),
geth; =0.12 m. oTpumaemo h; = 0,12 m.

From formula (8) we define the value of the force F 3 chopmynu (8) BU3HAUMMO BenuUMHy cunm F (3amictb

(instead of h we take h; = 0.12 m) and we get F = 1.08 h npunmaemo hy = 0,12 m) i ogepxyemo F = 1,08 kH i,
kN and, accordingly, N = 0.22 kW. As the calculations BignosigHo, N = 0,22 kBT. Ak BMAHO 3 UMX pPO3paxyHKiB
indicates, the reaction of the soil on the coulter is peakuisi I'PyHTY Ha COLUHMK 3MEHLUYETbCA MNpu NOro
reduced by its raising and, accordingly, are reduced the nigHIMaHHi i, BIiANOBIAHO, 3MEHLLYIOTLCA 3aTpaTh eHepril
energy consumptions by the execution of this process. npy BUKOHaHHI AaHOro npouecy.

For turning the unit to the upper side of the slope and, [ns noBopoTy arperaty y BepxHii Gik cxvny i, BianosigHo,
accordingly, for correction of its direction of movement, it Onsl KOperyBaHHs MOro HanpsiMky pyxy, HeobxigHo, Lwo6
is necessary that the moment of force F applied in the centre MOMEHT cunu F, Lo NpuKnageHa B LEHTPI 3aHYPEHOT B IPYHT
of landed in the soil part of the coulter exceed the force G YaCTMHU COLLHMKA nepesuLLyBana MoMeHT cunu G Big Baru

moment of weight of front of motoblock (engine of motoblock). nepeaHbOi YacTUHM MOTOOMoka (ABUrYH MOTOOMOKA).
Moments are taken relative to a point in the center C, of MomeHTHn npuUMaloTbCA BiHOCHO TOYKM, o
the line along the axis of the wheels of motoblock. 3HaxoauTbcs B LeHTpi Cp MiHii no oci konic moTobnoka.
From formula (9) we define the abscissa xc of the 3 dopmynu (9) Bu3HaA4UMMO abcumcy Xc Toukm C
point C (instead of h we take h; = 0.12 m) and we get Xc npuknaganHa cunmn F (3amicte h npuimaemo hy = 0,12 m),
=~ 0.15 m. Taking into account this value we take the otpumyemo Xc = 0,15 m. 3 BpaxyBaHHAM [aHOro

distance from the center C. to point Xc, i.e. arm | = 0.5 3HAYeHHs1 MPUIUMAEMO BiACTaHb Big UeHTpy CL OO TOYKM
m. The same value, we take for the distance from the Xc, To6TO nnevye I = 0,5 M. Take came 3HayeHHs

center C, to the center Cg of front (engine) of motoblock, npuiMaemo Ang BiactaHi Big ueHTpy Cp go ueHTtpa Cg
i.e. arm Ig = 0.5 m. At minimum landing of the coulter in nepeaHbOi YacTuHM (4BUryH) MoTobnoka, To6To nneve I
the soil (h1 = 0.12 m) the force F moment equals to: Mg = = 0,5 M. lMpn MiHiIManNbHOMY 3aHYPEHHI COLHMKA B I'PYHT

F I = 1.08:0.5 = 0.54 kNm = 540 Nm. The force G (h1 = 0,12 M) MOMeHT cunun F pgopisHioe: Mg = F Iz = 1,08 -
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moment equals to: Mg = G Ig = 0.5:0.5 = 0.25 kNm = 250
Nm. The weight G of front of unit (motoblock), namely of its
engine, we took as a half of the total weight of
motoblock (total weight of motoblock is approximately
equal to 100 kg). Therefore, even at the minimum
landing of the coulter in the soil the moment Mg is more
than two times higher than the moment Mg. It is allowed
by means of the mechanism of movement of the
sections to easily and quickly (in about 1 s) adjust the
direction of movement of the unit by the work on slopes.

CONCLUSIONS

Resulted higher analysis of work of the mechanism of
movement of the sections allows to define the trajectory
of the characteristic point of the section for planting seedlings
during of movement of the unit, the value and the point of
application of the force acting on the cheek of the coulter
by its lateral movement at the landing position of the
coulter in the soil. Developed mechanism of lateral
movement of the sections with the coulter provides its main
function, namely, adjustment of the direction of movement
of the unit on the slopes. Experiments have shown that
the maximum deviation of the unit with this mechanism
by the work on slope is up to 15° is 2 cm, which is within
the permissible norms [2].

Resulted higher method of calculation is the main for
mechanism of movement of the sections for planting
seedlings and, accordingly, for matching optimal
parameters of the coulter and of all machine for planting
seedlings for working in various environmental
conditions.
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0,5 = 0,54 kH-M = 540 H-M. MomeHT cunu G JopiBHIOE:
Mg =G Ig = 0,5-0,5 = 0,25 kH-m = 250 H-m. Bary G, wo
npunagae Ha NepeaHIo YacTuHy arperaty (MoTob6noka), a
came Ha MOro ABWryH, MPUMHAMW SK MOMOBUHY 3aranbHol
BarM MoTobroka (3aranbHa Bara MOTobnoka npubnusHo
popisHioe 100 kr). Onke, HaBiTb NPy MiHIMaNbHOMY 3aHypeHHi
COLUHMKA B I'pyHT, MOMeHT Mg nepesuLLye BinbLue Hixk B ABa
pa3n MOMeHT Mg. Lle 103BOMsie 3a JOMOMOroK MexaHiamy
nepeMillleHHs cekuii nerko i weunako (npubnmsHo 3a 1 ¢)
CcKoperyBaTn HanpsIMOK pyxy arperaTy npy poboTi Ha cxunax.

BUCHOBKU

HaBegeHuin TeopeTuyHUIn aHania poboTn mexaHiamy
nepecyBaHHs CEKLN Jae MOXIMBICTb BU3HAYUTN TPAEKTOPIO
nepeMilLleHHs] XapaKTePHOI TOYKM CafuIibHOI Cekuii nig
yac pyxy arperaTty, BENWYMHY Ta TOYKY MpUKIagaHHs
CWInK, WO fj€ Ha LWOKy COLUHMKA NpuW AOro nepecyBaHHi B
OOKOBOMY HamnpsiMKy B 3aHYpPEeHOMY B I'DYHT MOMOXEHHI,
MOMEHTU CUI BiQHOCHO TOYKM, LLO 3HAXOAMTLCS B LEHTPI
niHii no oci komnic MoToGroka. Po3po6neHuin MexaHiam
OOKOBOro NepeMilLieHHs1 CeKLin 3 COLHMKOM 3abesnevye
CBOI OCHOBHY (DYHKLIO, 8 Came KOPEKTYBaHHSA HanpsiMKy
pyxy arperaTty Ha cxunax. ExcnepumeHTn nokasanu, Lo
MakcuMarnbHe BiOXWNEHHs arperaTty 3 OaHUM MeXaHiaMOM
npu poboti Ha cxuni go 15° cTtaHoBNSATL +2 CM, LWO
3HaxXo4MTbCS B MeXax AOMYCTUMUX HOPM [2].

HaBegeHa meTogouka po3paxyHKy € OCHOBHOW Ans
MeXxaHi3aMy nepecyBaHHs cagunbHUX CEKUin i, BiAnoBiaHo,
ans nigbopy onTUManeHWX NapameTpiB COLUHWKA i BCIEl
po3cagocaamnnbHOT MalmHK Ans po6oTh B pi3HOMaHITHUX
30BHILLHIX yMOBaXx.
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SCIENTIFIC RESEARCHES ON THE QUALITATIVE WORKING IN DEXES OF THE SOWING
BODY OF A MODERN TECHNICAL HOEING PLANTS SOWING EQU IPMENT

/

CERCETARI EXPERIMENTALE ASUPRA INDICILOR CALITATIVI DE LUC RU REALIZATI DE
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PRASITOARE
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Abstract: This paper presents the results of
experimental researches of sowing body, endowed
with a pneumatic distribution apparatus equipped with
vertical distributing discs and different sized holes,
body which is the main component of a modern
technical equipment performed by INMA Bucharest in
partenership with S.C. MAT SA Craiova. The output
obtained following the experimental researches allows
to improve the technology of establishing the hoeing
plant crops, so that the agricultural machinery market
should benefit of a state-of-the art technical equipment
in compliance with high quality requirements.

Keywords : qualitative working indexes, sowing hoeing
plants

INTRODUCTION

Within the technological chain of agricultural crops, the
sowing operation represents an important link because it
assures the density, uniformity and resistance of the
respective crop.

The sowing density is a very important
technological factor and is established according to
the vegetal growing time, soil water stock and nutritive
substances supplying degree [1].

Uniformity of sowing (distance between rows,
distance of plants in a row and sowing depth) assures
big hoeing plants productions and therefore a high
profit to the farmer [2].

Having in view the importance of correctly applying
the respective technology to hoeing plant crop, the
cultivators should take the appropriate measures to
achieve the optimum density and uniformity demanded
by hybrids [2, 3, 4, 5, 6, 7, 8].

Trying to fulfill the requirements above a new
hoeing plant sowing and fertilizing machine SPF8M
has been performed, a simplified construction due
to new solutions chosen, which give it a good
reliability, easy maintenance, simple fittings easily
to operate.

MATERIALS AND METHODS

The laboratory experimental researches were
performed with a sowing body belonging to hoeing plants
sowing and fertilizing machine SPF8M manufactured at
S.C. MAT S.A. Craiova, and the field tests were
performed with the sowing body mounted on the sowing
machine SPF8M which had worked in aggregate with
tractor TD 80D New Holland having the following
features: engine power: 58.8 kW (80 HP); engine rotative
speed: 2200 rot/min; PTO’s rotative speed: 540 rot/min,
working speed: 0.4...2.8 m/s [12].

Sowing machine SPF8M (fig. 1) is designed to perform
the sowing of corn and sunflower crops in previously
prepared field.
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Rezumat: Tn aceastd lucrare sunt prezentate rezultatele
cercetdrilor experimentale privind secfia de semdnat, prevazuta
cu aparat de distribufie pneumatic cu discuri distribuitoare
verticale si orificii de dimensiuni diferite, care este
componenta principald a unui echipament tehnic modern
realizat prin activitatea de cercetare-dezvoltare desfasurata
ntr-un parteneriat format de INMA Bucuresti si S.C. MAT S.A.
Craiova. Rezultatele obfinute, in urma cercetdrilor experimentale,
permit perfecfionarea tehnologiei de infiinfare a culturilor
de plante prédsitoare, astfel incat piafa maginilor agricole
sd beneficieze de un echipament tehnic de Tinalta
performan(a, care s& rdspundd cerinfelor de calitate.

calitativi de lucru, semanat,

Cuvinte cheie : indici

prasitoare

INTRODUCERE

in cadrul lantului tehnologic al culturilor agricole,
semanatul reprezinta o verigd deosebit de importanta
care asigura densitatea, uniformitatea si vigoarea culturii
respective.

Densitatea de semanat este un factor tehnologic foarte
important si se stabileste in functie de durata perioadei de
vegetatie a populatiei semanate, de rezerva de apa din sol si
de gradul de aprovizionare a solului cu elemente nutritive [1].

Uniformitatea semanatului (distanta fintre randuri,
plante pe radnd si adancimea de semanat) asigura
productii mari i sigure de plante pragitoare si astfel un
profit deosebit pentru fermier [9,10, 11].

Avand in vedere importanta aplicarii unei tehnologii
corecte n cultura plantelor prasitoare, cultivatorii trebuie
sa ia masurile adecvate realizarii In camp atat a
densitatii optime pe care hibrizii o cer, cat si a
uniformitatii acesteia [2, 3, 4, 5, 6, 7, 8].

Cautand sa raspunda cerintelor de mai sus a fost
realizatda o semanatoare noua pentru semanat si fertilizat
plante prasitoare SPF8M, o constructie simplificata
datoritd solutiilor noi alese care i confera realizare
usoara, siguranta in exploatare, Tntretinere, reglaje simple
si usor de exploatat.

MATERIALE S| METODA

Cercetarile experimentale in laborator s-au efectuat
cu o sectie de semanat a semanatorii pentru plante
prasitoare cu fertilizator SPF8M executata la S.C. MAT
S.A. Craiova, iar cele in cadmp s-au efectuat cu sectia
montata pe semanatoarea SPF8M care a lucrat in
agregat cu tractorul TD 80D New Holland cu
urmatoarele caracteristici: puterea motorului: 58,8 kW
(80 CP); turatia motorului: 2200 rot/min; turatia prizei
de putere: 540 rot/min, viteze de lucru: 0,4...2,8 m/s
[12].

Semanatoarea SPF8M (fig. 1) este destinata sa
execute semanatul culturilor de porumb si floarea soarelui
n teren pregatit.
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Fig. 1 - Sowing machine for hoeing Iat with f| |zi

Experiments were performed in testing laboratories
and INMA testing field, according to standards 1SO
7256:1-1992 and SR 13238-1: 1992.

Tests performed have used the following types of
seeds (table 1):

vice / Semanatoare pentru plante prasitoare cu fertilizator SPF8M

Experimentarile s-au efectuat in laboratoarele de incercari
si In poligonul experimental al INMA Bucuresti, Tn conformitate
cu standardele 1ISO 7256:1-1992 si SR 13238-1: 1992.

S-au efectuat probe cu urmatoarele tipuri de samanta
(tabelul 1):

Tablel / Tabelul 1

Crop / Cultura Purity / Puritatea | Germination/ Germina fia | 1000 seeds mass/ Masa a 1000 de boabe
(%] (%] [ka]
Corn, Olt variety / Porumb, soiul Olt 99.80 95 0.344
Sunflower, Mo_rena_ CL variety / 99.70 94 0.067
Floarea soarelui, soiul Morena CL

- The corn seed of Olt variety (producer INCDA
Fundulea), with quality certificate, as production of
2011, has been treated with SEMNAL 500FS, a
fungicide — a fine homogenous water slurry of light
reddish colour;

- Sunflower seed, of Morena CL variety (producer
Saaten Union), with quality certificate, as production of
2011, has been treated with Apron XL 350 ES a
systemic fungicide produced by Syngenta. In table 2,
the grain profile of seeds used is shown.

- Saméanta de porumb, soiul Olt (producator INCDA
Fundulea), insotitd de certificat de calitate, productia
anului 2011, a fost tratatd cu SEMNAL 500FS produs
fungicid, conditionat sub forma de suspensie apoasa
finda, omogena, de culoare rosu-deschis;

- Saméanta de floarea soarelui, soiul Morena CL
(producator Saaten Union), finsotita de certificat de
calitate, productia anului 2011, a fost tratata cu Apron XL
350 ES fungicid sistemic produs de Syngenta. Tn tabelul 2
este prezentat profilul granulometric al semintelor folosite.

Table 2 / Tabelul 2

Corn, Olt variety / Porumb, soiul Olt

Sunflower, Favorit variety /
Floarea soarelui, soiul Favorit

L [m] [ [m] g [m]

L [m] I [m] g [m]

Average /
Media

0.01061 0.00842 0.00442 0.01142 0.00421 0.00392

The laboratory tests were performed on a stand
with fixed sowing body (fig. 2), and the seed distribution
disc was driven with rotative speed according to sowing
machine displacement working conditions, without
skidding. For simulating the sowing machine
displacement to soil, under the sowing body was placed
a band (fig. 3) which moved with the theoretical forward
speed of sowing machine without skidding.

The sowing body (fig. 4) comprises a distribution
apparatus endowed with discs, made of a high quality
material (inox), having different diameter little holes,
depending on seeds size (they should not enter the disc
holes). In order to avoid the vacuum and seeds losses,
a joint packing, made of a wear-resistant material is
placed between the feeding chamber and the
depression chamber.

Fig. 2 - Stand with fixed mounted sowing body / Fig. 3 - Band under the

Stand cu secfia de semédnat montats fix

Incerc &rile n condi tii de laborator s-au efectuat pe
un stand cu sectia de semanat fixa (fig. 2), iar discul de
distributie seminte a fost antrenat cu viteze de rotatie
corespunzatoare conditilor de deplasare in lucru a
semanatorii, fara patinare. Pentru a materializa deplasarea
semanatorii fatd de sol, s-a trecut pe sub sectia de
semanat o banda (fig. 3) care s-a deplasat cu viteze
teoretice de Thaintare a semanatorii, fara patinare.

Sectia de semanat (fig. 4) are in componenta un aparat
de distributie dotat cu discuri, confectionate dintr-un
material de calitate (inox), avand orificii cu diametrul
diferit, functie de dimensiunea semintelor (acestea nu
trebuie sa patrunda in orificile discului). Pentru a se
elimina pierderile de vacuum si seminte, intre camera de
alimentare si camera de depresiune, este prevazut cu o
garnitura de etansare dintr-un material rezistent la uzura.

owing body /
Banda de sub secfia de seméanat
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|. 4 - Sowing bo

The tests were performed according to vacuum
system depression value, such as:
- for corn: 340 mm H,0;

- for sunflower: 240 mm H;O,

The distributing apparata of seeds sowing
bodies were endowed with the following sets of
sowing discs:

- for corn: disc with 16 holes of ¢ 0.0055 m and

cutting works (fig. 5);

- for sunflower: disc with 14 holes of ® 0.003 m and

cutting works (fig. 6),

Sowing body adjustment:
- seed level in the box: 50 %
- rotation speed of distributing disc was in

accordance with working forward speed of 0.833;

1.388 and 2.5 m/s (table 3):

INMATEH — Agricultutal Engineeting

ecfia de seméanat

Probele s-au efectuat la valoarea depresiunii in

sistemul de vacuum, astfel:
- pentru porumb: 340 mm H0O;
- pentru floarea soarelui: 240 mm HO,

Aparatele de distributie din componenta sectiilor de
semanat seminte au fost prevazute cu urmatoarele seturi
de discuri de semanat:

- pentru porumb: disc cu 16 orificii de ® 0,0055 m si
prelucrari intre ele (fig. 5);

- pentru floarea soarelui: disc cu 14 orificii de ® 0,003
m si prelucrari intre ele (fig. 6),

Reglajul sectiei de semanat:

- nivelul de seminte din cutie: 50 %

- s-au asigurat turatii ale discului distribuitor de seminte
corespunzatoare vitezei de deplasare in lucru a
semanatorii de 0,833; 1,388 si 2,5 m/s (tabelul 3):

Fig. 5 - Disc with 16Foles of @ 0.0055 m and cutting works betweenthem/  Fig. 46- Disc with 14 holes of @ 0,003 m and cutting works between them /

Disc cu 16 orificii de @ 0,0055 m si prelucrari intre ele

Disc cu 14 orificii de @ 0,003 m si prelucrari intre ele

Table 3/ Tabelul 3

Report of transmission between the . 8Fg;ward speed in work / Vltizse;3 ge deplasare ||n lucru [m/sz] -

distribution disc and driving wheel / . Rotative speed of seed di.stribution disc, rot/min / .

Raportul de transmisie intre discul Turatia c?iscului de distribu fie semir; te, rot/min

de distribu fie si roata de antrenare n : = : : e

! I I

0.7150 31.174 43.694 56.149
0.6930 30.215 42.349 54.422
0.6600 28.776 40.333 51.830
0.6000 26.160 36.666 47.118
0.5710 24.896 34.894 44.841
0.5200 22.672 31777 40.836
0.4510 19.664 27.561 35.417
0.4290 18.704 26.216 33.690
0.3710 16.176 22.672 29.135

Within the experimental laboratory researches, the
measurements have been performed for the following parameters:
- variation of seed quantity distributed (sowing

norms) [%];

Tn cadrul cercetarilor experimentale in laborator au
fost efectuate masuratori pentru urmatorii parametri:
- abaterea de la cantitatea de seminte distribuite
(norme de semanat) [%];
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- sowing precision as a distance in a row, in %;

- percentage of pockets with two or more seeds

(double) [%];
- percentage of pockets without seeds(gaps) [%o].

Variation of seed quantity distributed (sowing norms) for

each test was determined as follows:

- the seed quantity distributed g was weighed [kg];
- three repetitions of 60 s duration were performed;
- the average seed quantity was calculated (1),

INMATEH — v4¢ziculhwzl é_nM eeting

- precizia de semanat ca distanta intre seminte pe rand [%];
procentul de cuiburi cu doua sau mai multe
seminte (duble) [%];

- procentul de cuiburi fara seminte (goluri) [%].
Abaterea de la cantitatea de seminfe distribuite (norme
de seménat) pentru fiecare incercare s-a determinat astfel:

- cantitatea de seminte distribuita q a fost cantarita [kg];

- au fost efectuate trei repetitii cu durata de 60 s;

- afost calculata cantitatea medie de seminte (1),

-9 ;
q, = 3’ in kg 1)
- theoretical seed quantity distributed was calculated (2), - afost calculata cantitatea teoretica de seminte distribuita (2),
= nxn, xMMB , in kg 2
100C
where: unde:

n is the rotative speed of distribution disc, in rot/min;

ng — number of holes of distribution disc;

MMB — mass of 1000 grains, in kg.
- the deviation coefficient of sowing rate was calculated by
formula (3):

n este turatia discului de distributie, in rot/min;

ng — numarul de orificii al discului de distributie;

MMB — masa a 1000 de boabe, in kg.
- a fost calculat coeficientul de abatere a normei de
semanat cu formula (3):

_ ino
G, =—+x100 i % 3)
G

Conditions of acceptance: according to SR 13238-
1:1992, the deviation from the quantity of seeds
distributed (sowing rates) (4),

Condifii de acceptare: conform SR 13238-1:1992,
abaterea de la cantitatea de seminte distribuite (norme de
semanat) (4),

a=1-g, [%] (4)

- max. 3% for less than 70000 plants/ha thickness;
- max. 5% for more than 70000 plants/ha thickness.
Number of plants/ha was calculated by formula (5),

- max. 3% pentru desimi mai mici de 70000 plante/ha;
- max. 5% pentru desimi mai mari de 70000 plante/ha.
Numarul de plante/ha s-a calculat cu formula (5),

10° xi
— MMB , n plante / hectar (5)

o vxd,

where:

v is the sowing machine working forward speed [m/s];
d; — distance between the rows sown [m].
Precision of sowing as distance between seeds in a row

was determined in laboratory conditions, such as:

the distances framed between 0.5d-1.5d on band, were
measured. D being the theoretical diastance between
seeds, namely the percentage of common distances,
noted in the subsequent table by N;

the distances framed between 0-0.5d, were measured
on band representing the percentage of pockets with
several seeds (double), noted by D in the subsequent
table;

the distances surpassing 1.5d were measured on band,
representing the percentage of pockets without seeds
(gaps), noted by G in the subsequent table.

The experimental researches aimed to determine the

field indexes,

have been performed on an agricultural

field within INMA Bucharest perimeter in the following
conditions:

type of soil: forest reddish-brown soil
soil category (in terms of specific resistance): medium
to heavy;
previous crop: mustard;
tractor used: TD 80D New Holland,;
Theoretical forward speed: 1.388 m/s;
distance between rows: 0.70 m;
sowing depth fitted: 0.1 m for tests performed before
plants sprouting and 0.5...0.6 m for tests after
sprouting;
feeding chamber: supplied along with the sowing
machine (without modifications).

In field conditions, was determined the sowing

22

unde:

v este viteza de deplasare in lucru a semanatorii [m/s];

dr — distanta dintre r&ndurile semanate [m].

Precizia de semdnat ca distanfd intre seminfe pe
rand s-a determinat in conditii de laborator astfel:

- au fost masurate pe banda distantele cuprinse in

intervalul 0,5d-1,5d, unde d este distanta teoretica

intre seminte, reprezentand procentul de distante

normale, care in tabelul urmator a fost notat cu N;

au fost masurate pe banda distantele cuprinse in

intervalul 0-0,5d, reprezentand procentul de cuiburi
cu mai multe seminte (duble), care in tabelul

urmator a fost notat cu D;

- au fost masurate pe banda distantele mai mari de
1,5d, reprezentand procentul de cuiburi fara nici o
samanta (goluri), notat in tabelul urmator cu G.

Cercetarile experimentale, pentru determinarea

indicilor in camp , s-au efectuat pe un teren agricol

aflat in perimetrul INMA Bucuresti, Tn urmatoarele
conditii:

- tipul solului: brun roscat de padure;

- categoria solului (din punct de vedere al rezistentei
specifice): mijlociu spre greu;

- cultura anterioara: mustar;

- tractorul utilizat: TD 80D New Holland;

- viteza teoretica de deplasare: 1,388 m/s;

- distanta intre randuri: 0,70 m;

- adancimea de semanat reglata: 0,1 m pentru
determinarile inainte de rasarire si 0,5...0,6 m
pentru determinarile dupa rasarire;
camera de alimentare: livrata
semanatoarea (fara modificari).

In conditi de camp s-au efectuat determinari ale

odata cu
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precision as distance between the seeds in row before
springing, by digging out the seeds sown (only for corn)
and after seeds sprouting (“in green), uncovering also

INMATEH — Agricubtusal Engineering

preciziei de semanat ca distanta intre seminte pe rand
fnainte de rasarirea semintelor, dezgropand semintele
semanate (numai la porumb) si dupa rasarirea

the non sprung seeds, for eliminating the seed semintelor (“in verde”), dezvelindu-se si semintele
germination as an error source (for corn and nerasarite, pentru a elimina germinatia semintelor ca
sunflower). sursa de eroare (la porumb si floarea soarelui).

Sowing precision before seeds sprouting was Precizia de semdnat fTnainte de rdasdrirea

determined in the following way:

- sowing machine has moved on a distance of approx.
100 m at 0.1 m depth in the field already prepared for
being sown;

- have been uncovered the seeds for 100 spaces
starting from min. 20 m in comparison with the
beginning of working test;

- have been measured 100 spaces between seeds in 4
SOWN rows ;

- values measured have been grouped in real distances.

The sowing precision after seeds sprouting has been
determined in the following way:

- sowing machine has moved on a distance of approx.
100 m at 0.5...0.6 m depth in field prepared to be
sown;

- have been measured, starting from min. 20 m
comparing with the beggining of the working test, 100
distances between seeds in 4 sown rows;

- values measured have been grouped in real distances.

According to specific testing methodology established
previously, during the experimental researches the
following measuring devices were used:

- Installation for measuring the depression (tube Pitot-Prandl);

- Mechanical chronometer;

- Electronic precision balance METTLER type;

- Gauge tape of 60 m.

RESULTS

On basis of data obtained and processed during the
experimental researches, in laboratory conditions, a
synthesis of working qualitative indexes, representing the
deviation from the quantity of seeds distributed (rates of
sowing), for usual norms of 50000...70000 plants/hectare
for corn and sunflower has been drawn up and is shown in
table 4.

seminfelor s-a determinat astfel:

- semanatoarea s-a deplasat pe distanta de
cca.100 m la o adancime de 0,1 m in terenul
pregatit pentru semanat;

- au fost dezvelite semintele pentru 100 de
intervale incepand de la min. 20 m fatd de
Tnceputul probei de lucru;

- au fost masurate 100 de intervale dintre seminte
pe 4 randuri semanate;

- valorile masurate s-au grupat in intervale reale.

Precizia de seméanat dupd rasdarirea seminfelor s-a
determinat astfel:

- semanatoarea s-a deplasat pe distanta de cca.
100 m la o adancime de 0,5...0,6 m 1n terenul
pregatit pentru semanat;

- au fost masurate, incepand de la min. 20 m fata de
Tnceputul probei de lucru, 100 de intervale dintre
seminte pe 4 rAnduri semanate;

- valorile masurate s-au grupat in intervale reale.

Tn conformitate cu metodologia de testare stabilita
anterior, pe parcursul cercetarilor experimentale s-au
utilizat urmatoarele echipamente de masurare:

- Instalatie pentru masurarea depresiunii (tub Pitot-Prandl);

- Cronometru mecanic;

- Balanta electronica de precizie tip METTLER,;

- Ruleta de 60 m.

REZULTATE

In baza datelor obtinute si prelucrate pe parcursul
cercetarilor experimentale, in conditii de laborator, s-a
ntocmit o sintezad a indicilor calitativi de lucru,
reprezentand abaterea de la cantitatea de seminte
distribuite (norme de semanat), pentru normele uzuale
cuprinse intre 50000...70000 plante/hectar la porumb
si floarea soarelui, care sunt prezentati in tabelul 4.

Table 4 / Tabelul 4

Forward speed in work of the sowing machine /

Viteza de deplasare n lucru a sem anatorii [0,833 m/s]

Distributor disk speed / Sunflower / Floarea soarelui Corn/ Porumb
Turafia discului distribuitor m cy a " cy a N
[rot/min] ) (%] pe | eV plante/ha o) [%] p | Damelhal

30.125 0.0269 95 5 68827

28.776 0.0273 99 1 69851

26.160 0.0244 99 1 62431

24.896 0.0239 98 2 61151 0,1380 99.3 0.7 68771
22.672 0.0214 99 1 54755 0.1246 99.7 0.3 62093
19.664 0.1089 99.5 0.5 54269
18.704 0.1045 99.5 0.5 52076

Forward speed in work of the sowing machine / Viteza de deplasare in lucru a semanatorii: 1.388 m/s

40.333 0.0385 98 2 70362

36. 666 0.0350 98 2 63966 0.1982 98.2 1.8 70551
34.894 0.0321 98 2 58666 0.1918 99.9 0.1 68272
31.777 0.0295 99 1 53914 0.1782 98.2 1.8 63431
27. 561 0.1480 97.4 2.6 52682
26.216 0.1440 99.8 0.8 51258

Forward speed in work of the sowing machine / Viteza de deplasare in lucru a seméanatorii: 2.5 m/s

56.149 0.0492 93 7 69936

54.422 0.0451 88 7 64108

51.830 0.0480 99 1 68230

47.118 0.0437 98 2 62118 0.2534 97.8 6.2 70155
44.841 0.0427 98 2 60697 0.2471 99.8 0.2 68411
40.836 0.0385 99.5 0.5 54726 0.2186 97.4 2.6 60520
35.417 0.1939 99.5 0.5 53682
33.690 0.1808 97.3 2.7 50055
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in tabelul 5 sunt prezentate valorile indicilor calitativi,
reprezentand precizia de semanat ca distanta intre seminte
pe rand, determinati pentru porumb, la fiecare viteza de
lucru, la norme uzuale si la 100 de masuratori pentru
fiecare distanta reglata, n 3 repetitii.

Norma de plante la hectar
urmatoarea formula (6):

Table 5 presents the qualitative indices values,
representing the sown precision as the distance between
seeds per row, determined for corn, at each working
speed, at usual norms and at 100 measurements for each
set distance, in 3 repetitions.

Plants per hectare norm was calculated with the
following formula (6):

a fost calculata cu

NpI = ](-10000, plants / ha (6)
r xa

where:

d; is the distance between sown rows [m];
a - theoretical distance between seeds per row [m],
was calculated with the formula (7):

unde:

d: este distanta dintre randurile semanate [m];
a - distanta teoretica intre seminte pe rand [m], a
fost calculata cu formula (7):

azm,inm

™

Ny

where: unde:
Rs is the driving wheel static radius, cm (tire 5.00-15

has a static radius = 0.304 m);

i — the gear ratio from driving wheel at distributor

disc shaft;

nq — disc distribution number of holes.

Rs este raza staticd a rotii de antrenare, cm
(anvelopa 5,00-15 are raza statica = 0,304 m);

i — raportul de transmisie de la roata de antrenare
la axul discului distribuitor;

ng — numarul de orificii al discului de distributie.

Table 5/ Tabelul 5

Working speed / bew:é)r:esnec:égllstzg(s:gn o Plants rate per hectare / Work qualitative indices /  Indici calitativi de lucru
Viteza de lucru teoretic & intre semin fe | [\orma de plante la hectar Gaps / Goluri, Double / Duble Usual / Normale

v [m/s] a[m] >~ | Npi [plants/ha / plante / ha] G [%] D [%] N [%)]

0.0278 51387 1.3 4.6 94.1

0.0265 53957 1.3 3.3 95.4

0.833 0.0229 62258 0.3 5.0 94.7

0.0209 68415 2.3 3.6 94.1

0.0199 71836 2.6 3.6 93.8

0.0278 51387 2.3 2.6 95.1

0.0265 53957 3.6 3.0 934

1.388 0.0229 62258 7.3 6.6 86.1

0.0209 68415 8.6 5.0 86.4

0.0199 71836 6.3 5.0 88.7

25 0.0278 51387 8.3 6.0 85.7

0.0265 53957 9.6 5.3 85.1

n tabelul 6 sunt prezentate valorile indiciilor calitativi
de lucru reprezentadnd precizia de semanat ca distanta
intre seminte pe rand pentru floarea soarelui.

Table 6 presents the qualitative indices values
representing the sown precision as the distance between

seeds per row for sunflower.

Table 6/ Tabelul 6

Working speed / bewsgr:egggljgl}steg:ggn o Plants rate per hectare / Work qualitative indices /  Indici calitativi de lucru
Viteza de lucru | = o S intre semin fo | T\orma de plante la hectar Gaps / Goluri, Double / Duble | Usual/ Normale
v [m/s] a[m] 4 Np [plants/ha / plante / ha] G [%] D [%] N [%)]
0.02273/0,02273 62856 1.0/1,0 0.6/0,6 98.4/98,4
0.02386 / 0,02386 59863 2.6/26 0.6/0,6 96.8 /96,8
0.833/0,833 0.02622 / 0,02622 54475 1.0/10 0.6/0,6 98.4/98,4
0.03026 / 0,03026 47212 3.3/33 0.3/0,3 96.4/96,4
0.03177/0,03177 44964 4.3/43 2.3/23 93.4/934
0.02273/0,02273 62856 3.6/36 1.0/1,0 95.4/954
0.02386 / 0,02386 59863 5.3/53 1.0/1,0 93.7 /93,7
1.388/1,388 0.02622 / 0,02622 54475 3.0/30 0.6/0,6 96.4/96,4
0.03026 / 0,03026 47212 2.0/20 0.6/0,6 97.4/974
0.03177/0,03177 44964 2.3/23 3.0/30 94.7 1 94,7
0.02622 / 0,02622 54475 9.3/93 0.3/0,3 90.4/90,4
25/25 0.03026 / 0,03026 47212 3.0/30 1.6/16 95.4/954
0.03177/0,03177 44964 3.0/30 16/16 95.4/954

Section mounted and tested on a stand has operated for
a total of 250 hours, after which the distribution device was
subjected to final technical expertise, where it was
examined and measured each item subject to wear.

Sectia montata si incercata pe stand a functionat un
numar de 250 ore, dupa care aparatul de distributie seminte a
fost supus expertizei tehnice finale, in cadrul careia s-a
examinat si s-a masurat fiecare reper supus uzarii.
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Following inspections and measurements was not found

abnormal wear of the seed distribution disc or sealing
gasket.

Table 7 presents

the average values of field

measurement results related to sowing precision before
seed corn sprouting.
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Tn urma verificarilor si masuratorilor nu s-au constatat
uzuri anormale ale discului de distributie seminte s-au a
garniturii de etansare.

Tn tabelul 7 sunt prezentate valorile medii ale rezultatelor
masuratorilor in cAmp a preciziei de semanat Thainte de
rasarirea semintelor de porumb.

Table 7/ Tabelul 7

SReeaeldV\;o\r/lﬂ zga bewssr:eg:;lj g}st%r:g; . Plants rate per hectare / Section Work qualitative indices /  Indici calitativi de lucru
rgala' delucru | teoretic &intre semin fo | NOrmade plante lahectar ;oo ¢ | Gaps/ Goluri, | Double / Duble | Usual / Normale
v [ms] a[m] *~ | Ny [plants/ha / plante / ha] ; G [%] D [%] N [%]
1 5 2 93
2 3 1 96
14 0.0242 59028 3 3 > o5
4 13 6 81

Table 8 presents

the average values of field

measurement results of sowing precision after seed corn
sprouting (seeds germination was of 95%).

Tabelul 8 prezinta valorile medii ale rezultatelor masuratorilor

n cdmp a preciziei de semanat dupa rasarirea semintelor
de porumb (germinatia semintelor a fost de 95 %).

Table 8/ Tabelul 8

sprouting of corn seeds is shown in figure 7.

SReeaeldV\;o\r/lﬂ zga bewssr:eg:;lj g}st%r:g; . Plants rate per hectare / Section Work qualitative indices /  Indici calitativi de lucru
rSaIé de lucru teoretic 4 intre semin fe Norma de plante la hectar / Secfia | Gaps/ Goluri, | Double / Duble | Usual / Normale
v [ms] a[m] *~ | Npi [plants/ha / plante / ha] ; G [%] D [%] N [%]
1 21 5 74
1.42 0.0242 59028 g ig g ;i
4 27 9 64
One aspect determining the sowing accuracy before Un aspect din timpul determinarii preciziei de

semanat inainte de rasarirea semintelor de porumb
este prezentat in figura 7.

Fig. 7 - Aspects on determining sowing accuracy before corn seeds sprouting

Aspect din timpul determindrii preciziei de seménat Tnainte de résdrirea seminfelor de porumb

CONCLUSIONS

The tests carried out showed that work qualitative

indices value fall under the work requirements of sowing
hoeing plants, so:

deviation from the quantity of seeds distributed
(sowing rates) qualifies SR 13238-1:1992 for
working speed 0.833...1.944 m/s and usual rates
between 50000...70000 plants/hectare at corn and
sunflower;

sowing precision distance between seeds per row,
percentage of pockets with two or more seeds
(double) and percentage of pockets with no seeds
(gaps) qualifies for 1SO 7256:1-1992 for the
working speeds 0.833...1.944 m/s and usual rates
between 50000...70000 plants/hectare at corn and
sunflower;

sowing precision distance between seeds per row has
values less than 90% normal intervals for higher
working speeds of 1.94 m/s.
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CONCLUzII

Tn urma fincercarilor efectuate a rezultat ca valorile

indicilor calitativi de lucru se Thcadreaza in cerintele impuse
lucrarii de semanat plante prasitoare, astfel:
- abaterea de la cantitatea de seminte distribuite (norme

de semanat) se incadreaza n cerintele SR 13238-
1:1992 pentru vitezele de lucru de 0,833...1,944 m/s si
normele uzuale cuprinse intre  50000...70000
plante/hectar la porumb si floarea soarelui;

- precizia de semanat ca distantd intre seminte pe rand,

procentul de cuiburi cu doud sau mai multe seminte
(duble) si procentul de cuiburi fard seminte (goluri) se
incadreaza in cerintele 1ISO 7256:1-1992 pentru vitezele
de lucru de 0,833...1,944 m/s si normele uzuale
cuprinse ntre 50000...70000 plante/hectar la porumb si
floarea soarelui;

- precizia de semanat ca distanta intre seminte pe rand are

valori mai mici de 90% intervale normale pentru vitezele
de lucru mai mari de 1,94 m/s.
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Experimental results allow development of useful
recommendations for farmers who use this technical
equipment.
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Rezultatele experimentale permit elaborarea de
recomandari utile pentru fermierii care utilizeaza acest
echipament tehnic.
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Abstract: Romania's strategic objective of EU integration
imposes, among others, policies that ensure the implementation
of community requirements on the free movement of
products, which is based on an open market economy,
based on competition and economic and social cohesion.
Agricultural productivity (main economic branch through its
impact on the society and environment) is influenced by
technological level of applied work, sowing work occupying a
very important place in these technologies. This paper
presents a method for testing the hoeing plants sowing
machines with the help of a stand equipped with laser
sensors that measure the time interval between the fall of
two seeds which it transforms in space and which it
compares to the reference area calculated by a specialized
software after entering the input data (density, distance
between rows, number of holes on the disk, speed).

Keywords: sowing machine, precision agriculture, distributing disc

INTRODUCTION

Current studies and researches on sowing methods
and equipment, are part of the new trends for precision
farming, knowing that sowing uniformity is essential to
obtain high corn, sunflower and other hoeing crops
productivity, 50% of the crop being determined by the
sowing work [2, 3, 7, 8, 10, 11, 12, 13, 14]. Developing a
competitive agriculture allowing to obtain increased
production, without soil compaction can not be achieved
without a proper management of sowing plants work [4].

An important aspect of continous increasing policy of
products quality achieved by each economic agent, is
constituted by maintaining compliance of sowing machines
and growing prerequisites for achieving these products in
terms of repeatability, according to integrated agricultural
management [5].

Sowing works qualitative indexes of hoeing plants can
be assessed by means of physical measures,
measurable, such as the distance between seeds per
row, distance between rows, sowing depth, and so on.
Any disturbance of the seeding process leads to lower
qualitative indexes of the sowing work and finally to
decrease production [9]. The main direction of sowing
machines  improvement, is  their  constructive
improvement (including control and measurement
equipment) [15]. Sowing machine performance testing
can be performed in the field [1] or in the laboratory [6].

At current sowing machines the centralized driving
system of distributing disks is made from a rubber wheel
that moves on the soil (with skidding of 10-15%) which
transmits the rotation movement through a chain
transmission to the distribution discs.

MATERIALS AND METHOD

To highlight the influence of operating parameters on
the sowing precision three sowing sections for hoeing
plants were mounted on bench SPS-3, (fig.1).
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Rezumat: Obiectivul strategic al Roméniei de integrare in UE
impune, printre altele, politici care s& asigure aplicarea exigenfelor
comunitare privitoare la libera circulafie a produselor, care are
la baz&d economia de piafa deschisd, bazatd pe concuren{a i
coeziune economicd si sociald. Productivitatea agriculturii
(ramurd economicd de bazd prin impactul asupra socialului
cat si a mediului) este influenfaté de nivelul tehnologiilor de lucru
aplicate, lucrarea de semdnat ocupénd un loc foarte important Th
cadrul acestor tehnologii. Lucrarea prezintd o metoda de testare
a preciziei semdnatorilor de plante prasitoare cu ajutorul unui
stand dotat cu traductoare cu laser care masoara intervalul
de timp de c&dere intre doud seminfe pe care 1l transforma in
spafiu si pe care il compard cu spafiul de referinfa calculat de
un soft specializat, dupad introducerea datelor de intrare
(densitate, distanfa intre randuri, numér orificii pe disc,
viteza).

Cuvinte cheie: sem anatoare, agriculturd de precizie, disc distribuitor

INTRODUCERE

Studiile si cercetarile actuale, privind metodele si echipamentele
de semanat, se Tnscriu in noile tendinte pentru practicarea
unei agriculturi de precizie cunoscand ca uniformitatea la
semanat este esentiala pentru a obtine productivitati ridicate
la porumb, floarea soarelui, si alte culturi prasitoare, 50%
din recolta fiind determinata la lucrarea de semanat [2, 3, 7,
8, 10, 11, 12, 13, 14]. Dezvoltarea unei agriculturi performante
care sa permita obtinerea unor productii sporite, fara
tasarea solului nu se poate realiza fara un management
corespunzator al lucrarilor de semanat a plantelor [4].

Un aspect important al politicii de crestere continua a calitatii
produselor realizate de fiecare agent economic, il constituie
atat mentinerea conformitatii masinilor de semanat cat si cresterea
premizelor de realizare in conditii de repetabilitate a acestor
produse, conform unui management agricol integrat [5].

Indicii calitativi ai lucrarii de semanat a semanatorilor
de plante prasitoare pot fi apreciati prin intermediul unor
marimi fizice, masurabile, cum ar fi distanta intre seminte
pe rand, distanta intre randuri, adancimea de semanat,
etc. Orice perturbare a procesului de semanat conduce la
scaderea indicilor calitativi ai lucrarii de semanat si in final
la micsorarea productiei [9]. Principala directie de
perfectionare a masginilor de semanat, o constituie
imbunatatirea lor constructiva (incluzdnd aparatura de
control si masurare) [15]. Testarea performantelor
masinilor de semanat se poate efectua Tn camp [1] sau Tn
laborator [6].

La semanatorile actuale antrenarea centralizata a
discurilor distribuitoare se face de la o roata de cauciuc
care se deplaseaza pe sol (cu patinari de 10-15 %) care
transmite migscarea de rotatie prin intermediul unei
transmisii cu lant la discurile distribuitoare.

MATERIALE $I METODA

Pentru a evidentia influenta parametrilor de lucru
asupra preciziei de semanat s-au montat trei sectii de
semanat plante prasitoare pe standul SPS-3 (fig.1).
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Fig. 1 - Bench SPS-3 for sowing precision machines testing/
Standul SPS-3 pentru testarea secfiilor semanaétorilor de precizie

Hoeing plants sowing machines must meet the
following requirements:

- Should have high mobility during work and provide
greater safety in operation;

- Should dose seeds for achieving the set norm per hectare;

- Should keep during work the setting made on sowers
parameters;

- Should be equipped with automation and control
apparata during work;

- Should have multiple, rigorous possibilities of adjustment,
and be able to achieve the minimum, usual and
maximum norm; provided by agronomic requirements;

- Should be easy, simple to handle and adjust, have a
good labor protection;

- Should be standardized and guaranteed for safe use;

- Should achieve high productivity;

- Should have a nice design and facilites at
assembling and disassembling;

- Should have low energy consumption and high work
efficiency.

SPS-3 bench for sowing stations for precision testing
provides testing conditions for all types of sections for
sowing hoeing crops, being able to simultaneously test 3
sowing sections [14].

Working speed has been simulated with a variable
speed electric motor which drives the centralized transmission
of distribution discs at speeds in the range of 2-12 km/h.

Actuation of distribution apparata can be achieved in
two versions:

- individual transmission — through flexible belt system;

- centralized transmission — through chain transmission.

The stand is equipped with a vacuum generator
(exhauster asynchronous motor - belt transmission),
operating at a nominal speed of 4000 rot/min and creating
a maximum depression of 600 mm height of water
(depression measured by a Prandtl-Pitot tube).

Reference element in this statistical processing system
is theoretical interval (adjusted) between seeds per row.
The accuracy of sowing is determined by laser
transducers which measure the time interval between two
seeds fall and convert it into space and compares it with
the reference space (drer) calculated by the software
program after entering input data (density, distance
between rows, number of holes on the disc, speed).
Distances within the range 0.5-1.5d.s are considered
normal intervals, the lowest 0.5d. are considered double,
and the biggest 1.5drr are considered gaps. Results are
displayed on a LCD in a graphical form (fig. 2).

Semanatorile de plante prasitoare trebuie sa

indeplineasca urmatoarele cerinte:

- sa aiba mobilitate mare in timpul lucrului si sa
prezinte siguranta mare Tn exploatare;

- sadozeze semintele pentru realizarea nommei la hectar reglata;

- sa pastreze in timpul lucrului reglajele facute asupra
parametrilor semanatorii;

- sa fie dotate cu aparatura de control si automatizare
n timpul lucrului;

- sa aiba posibilitati de reglaj multiple, riguroase si sa
poata realiza norma minima, uzuala si maxima
prevazute de cerintele agrotehnice;

- sa fie usoare, simplu de manevrat si de reglat, sa
aiba o buna protectie a muncii;

- séfie standardizate si garantate pentru siguranta folosirii;

- sa permita realizarea unor productivitati ridicate;

- sa aiba design placut si facilitati la montare gi
demontare;

- sa aiba consum energetic scazut si randamente de
lucru ridicate.

Standul pentru determinarea preciziei de semanat
SPS-3 asigura conditii de incercare pentru toate tipurile
de sectii de semanat culturi prasitoare, putandu-se testa
simultan 3 secti de semanat [14].

Viteza de lucru a fost simulata cu un motor electric cu
turatie variabila care antreneaza transmisia centralizata a
discurilor distribuitoare la viteze in intervalul 2-12 km/h.

Actionarea aparatelor de distributie se poate realiza In
doua variante:

- transmisie individuala — prin sistem cu banda flexibila;

- transmisie centralizata — prin transmisie cun lant.

Standul este echipat cu un generator de vacuum
(exhaustor-motor asincron-transmie prin curele), care
functioneaza la o turatie nominald de 4000 rot/min si
poate crea o depresiune maxima de 600 mm col.apa
(depresiune masurata prin intermediul unui tub Prandtl-Pitot).

Elementul de referinta n acest sistem de prelucrare statistic
este intervalul teoretic (reglat) intre seminfe pe rénd. Precizia
de semanat se determina cu ajutorul unor traductoare cu
laser care masoara intervalul de timp de cadere intre doua
seminte pe care il transforma in spatiu si pe care il compara
cu spatiul de referintd (drer) calculat de softul programului
dupa introducerea datelor de intrare (densitate, distanta intre
randuri, numar orificii pe disc, viteza). Distantele cuprinse
Tn intervalul 0.5-1,5d.ef sunt considerate intervale normale,
cele mai mici de 0,5drs sunt considerate duble, iar cele
mai mari de 1,5d.s sunt considerate goluri. Rezultatele
sunt afisate pe un LCD sub forma grafica (fig. 2).
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Fig. 2 - Showing results in graphical form / Afigarea rezultatelor sub forma grafica

Quality indicators calculation:
A - feeding quality index (1), where:
N, = number of seeds normally sown;

N' = number of theoretical intervals.

Calculul indicilor calitativi:
A - indicele de calitate a alimentrii (1). in care:
N, = numarul semintelor normal seméanate;

N = numérul de intervale teoretice.

A =% x100[%] M
N
D - index of doubles (2) D - indicele dublelor (2)
where: n care:
N, = number of doubles; N, =numarul dublelor;
N' = number of theoretical intervals. N' = numarul de intervale teoretice.
n,
D =—=x100[%] )
N
M - gaps index (3) M - indicele golurilor (3)
where: n care:
N, = number of missed nests; N, =numarul cuiburilor lipsa;
N' = number of theoretical interval. N‘ = numarul de intervale teoretice.
M = N—”f? x100[%] @)

Work parameters which were varied:
- working speed;
- level of seed in bunker;
- field slope.
The used seeds were corn and sunflower for which
have been determined:
- granulometric profile;
- purity;
- 1000 seed mass.

RESULTS
Influence of speed work on sowing precision
Sowing precision, was determined for corn, under the
following conditions:
- mass of 1000 seeds of 344 g;
- distribution disc with 16 orifices;
- depression of 340 mm H20 height;

29

Parametrii de lucru care au fost variati:
- viteza de lucru;
- nivelul de seminte in buncar;
- panta terenului.
Semintele folosite au fost porumb si floarea soarelelui
la care s-au determinat:
- profilul granulometric;
- puritatea;
- masa a 1000 de seminte.

REZULTATE

Influen ta vitezei de lucru asupra preciziei de sem  &nat
Precizia de semdnat, s-a determinat pentru porumb, in

urmatoarele conditii:

- masa a 1000 de seminte de 344 g;

- disc distribuitor cu 16 orificii;

- depresiunea de 340 mm col H;0O;
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- simulated working speed: 5, 7, 9 km/h.
Measurements were made in 3 repetitions, for several slope
densities per hectare, the results being shown in table 1.

INMATEH — Agricubtusal Engineering

- viteza de lucru simulata: 5, 7, 9 km/h.
Determinarile s-au facut in 3 repetitii, la mai multe densitati
ale plantelor la hectar, rezultatele fiind prezentate in tabelul 1.

Table 1/ Tabelul 1

Speed / Adjustable distance / Norm / Norma Corn sowing precision / Precizia de semdanat la porumb
Viteza Distanfa reglaté [plants/ha / D A
[km/h] [cm] plante/ha] [%] [%] [%]

27.8 51387 1.3 2.6 96.1
26.5 53957 1.3 3.3 95.4
5 22.9 62258 0.3 5.0 94.7
20.9 68415 2.3 3.6 94.1
19.9 71836 2.6 3.6 93.8
27.8 51387 2.3 2.6 95.1
26.5 53957 3.6 3.0 93.4
7 22.9 62258 7.3 6.6 86.1
20.9 68415 8.6 5.0 86.4
19.9 71836 6.3 5.0 88.7
27.8 51387 8.3 5.0 85.7
26.5 53957 9.6 5.3 85.1
9 22.9 62258 10.3 4.9 84.8
20.9 68415 11.6 4.7 83.7
19.9 71836 10.5 5.1 84.4

Sowing precision, was determined for sunflower, under
the following conditions:
- mass of 1000 seeds of 67 g;
- distribution disc with 14 orifices;
- depression of 240 mm H,O height;
- simulated working speed: 5, 7, 9 km/h.

Measurements were made in 3 repetitions, at more
density values of plants per hectare, the results being
shown in figure 3.

Precizia de semdnat, s-a determinat pentru floarea
soarelui, in urmatoarele conditji:
- masa a 1000 de seminte de 67 g;
- disc distribuitor cu 14 orificii;
- depresiunea de 240 mm col H>0;
- viteza de lucru simulata: 5, 7, 9 km/h.

Determinarile s-au facut Th 3 repetiti, la mai multe
densitati ale plantelor la hectar, rezultatele fiind prezentate in
figura 3.
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Fig. 3 - Influence of working speed on sowing precision at sunflower /
Influenfa vitezei de lucru asupra preciziei de seménat la floarea soarelui

Hopper seed level influence on sowing precision

We studied the influence of sowing precision with the
hopper loaded at 100%; 50%; 12.5% from the total
volume.

Samples were carried out with seeds of corn and
sunflower, at a speed of 5 km / h respectively 3 norms of
plants per hectare, the results being shown in table 2 and
figure 4.

Influen fa nivelului de semin fe in bunc & asupra
preciziei de sem anat

S-a studiat influenta preciziei de semanat cu buncarul
incarcat 100%; 50%; 12,5% din volumul total.

Probele s-au efectuat cu seminte de porumb si floarea
soarelui, la viteza de 5 km/h respectiv la 3 norme de
plante la hectar, rezultatele fiind prezentate Tn tabelul 2 si
figura 4.

Table 2/ Tabelul 2

Speed / Viteza Norm / Norma | Corn sowing _precision / Precizia Qe semdnat la porumb [%]
[km/h] [plants/ha]/ Level of filling of the hopper / Nivel umplere buncar [%]
[plante/ha] 100 50 12.5
53957 95.4 93.7 92.3
5 62258 94.7 94.1 92.9
68415 94.1 93.2 91.9

30
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Slope influence on sowing precision

We studied the influence of sowing precision with slope
simulation of 11° to the right.

Samples were carried out with seeds of corn and sunflower,
at a speed of 5 km / h, respectively 3 norms of plants per
hectare, the results being shown in table 3 and figure 5.

Influen fa pantei asupra preciziei de sem anat

S-a studiat influenta preciziei de semanat cu simularea
pantei de 11° dreapta.

Probele s-au efectuat cu seminte de porumb si floarea
soarelui, la viteza de 5 km/h respectiv la 3 norme de plante
la hectar, rezultatele fiind afisate Tn tabelul 3 si figura 5.

Table 3/ Tabelul 3

- — — = o
Speed / Viteza Norm / Norma Corn sowing preC|5|onS|/oPr:</:|;|:n?ae [soiamanat la porumb [%]
[km/h] [plants/ha / plante/ha] 0 p 11
53957 95.4 88.9
5 62258 94.7 88.4
68415 94.1 89.3
94
— 93 \
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Fig. 5 - Slope influence on sowing precision for sunflower at a working speed of 5 km/h /
Influenfa pantei asupra preciziei de semdanat la floarea soarelui la o vitez& de 5 km/h

CONCLUSIONS

It is noted that at speed variation within the limits of 5-9
km/h, the sowing precision decreases with approximately
5% for each gear speed.

When the hopper is filled up to 100%, 50% and 12.5%, the
sowing precision decreases by approximately 3%.

In the case of slope simulation of 11° sowing precision
is reduced by approximately 7%.

An optimum seedbed preparation leads to the possibility
of achieving a higher speed sowing work thus increasing
productivity.

A breakthrough in sowing machines field can be
achieved by improving their design by:

- An automatic adjusting of rotation speed of the shaft
sections which leads to the distribution of seed disk in
conjunction with the speed of the car measured by a
sensor;

- Increase the capacity of hopper which would
cover a large area of land in which the sowing will
be performed without affecting the sowing
accuracy.
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CONCLUZII
Se observa ca la variatia vitezei n limitele 5-9 km/h

precizia de semanat scade cu aproximativ 5% la fiecare

treapta de viteza.

La incarcarea buncarului in proportii de 100%, 50% si
12,5% precizia de semanat scade cu aproximativ 3%.

in cazul simularii pantei de 11° precizia de semanat
scade cu aproximativ 7%.

O pregatire optima a patului germinativ conduce la
posibilitatea realizarii lucrarii de semanat la viteze
superioare ceea ce va determina cresterea productivitatii.

Perfectionarea maginilor de semanat se poate obtine
prin imbunatétirea lor constructiva prin:

- reglarea automatd a turatiei axului care antreneaza
discurile distribuitoare ale sectilor de seminte Tn
corelatie cu viteza de deplasare a masinii masurata de
un sensor;

- marirea capacitatii buncarelor de seminte ceea ce ar
conduce la acoperirea unei suprafete mai mari din
terenul pe care se va realiza lucrarea de semanat, fara
afectarea preciziei de semanat.
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Abstract: The working capacity of conventional cereal
combine harvesters is mainly determined by the working
capacity of tangential threshing system. This depends on
the technical and functional characteristics of the
threshing system itself, the characteristics of the
harvested vegetal matter and the characteristics of the
feeding threshing system with vegetal matter. The feeding
threshing system is made of the feeder house which is
composed of a conveyor with chains and slats. The
objective of this study is to develop a mathematical model
for feeding threshing system with vegetal matter in order
to determine the technical and functional characteristics of
the conveyor with chains and slats of the feederhouse.
Theoretical research in this area did not fully complete the
mathematical model.

Keywords: cereal combine harvester, feederhouse

INTRODUCTION

The tangential threshing system capacity is affected by
the uniformity and speed of feeding with vegetal matter of
the threshing system, made by the conveyor with chains
and slats of feederhouse, by the technical and functional
characteristics of the threshing system itself and the
characteristics of the harvested vegetal matter.

The feederhouse is positioned in the combine
harvester technological flow between the header and the
threshing system (Fig.1).

Rezumat: Capacitatea de lucru a combinelor convenfionale
de recoltat cereale este determinatd in principal de
capacitatea de lucru a aparatului de treier tangenfial. Aceasta
depinde de caracteristicile tehnice si funcfionale ale
aparatului de treier propriu-zis, de caracteristicile masei
vegetale recoltate si de caracteristicile alimentdarii aparatului
de treier cu masa vegetald. Alimentarea aparatului de treier
este realizatd de elevatorul central care are in componen{a
un transportor cu lanfuri si raclete. Obiectivul studiului este
realizarea unui model matematic privind alimentarea
aparatului de treier cu masd vegetald n vederea
determinarii caracteristicilor tehnice si functionale optime
ale transportorului cu lanfuri si raclete al elevatorului
central. Cercetdrile teoretice din acest domeniu nu
realizeazd in totalitate acest model matematic.

Cuvinte cheie: combina de recoltat cereale, elevatorul central.

INTRODUCERE

Capacitatea de lucru a aparatului de treier tangential
depinde de uniformitatea si viteza alimentari cu masa
vegetala a aparatului de treier, realizate de transportorul cu
lanturi si raclete al elevatorului central, de caracteristicile
tehnice si functionale ale aparatului de treier propriu-zis si
de caracteristicile masei vegetale recoltate.

Elevatorul central este pozitionat Tn cadrul fluxului
tehnologic al combinei de recoltat cereale intre heder si
aparatul de treier (Fig.1).

£

o

L

et

feederhouse /
alevatar central

tangential threshing system/ straw walkers | cleaning system /
aparat de trejer tangential

scuturaior sistern de curatire

Fig. 1 - The main components of a conventional combine harvester / Organele principale de lucru ale unei combine de recoltat cereale

The feederhouse is composed of a housing, a
conveyor with chains and slats, a chain stretching
system, a system of lifting the fore axle of the
conveyor, an assembly of supporting the upper branch
of the conveyor, a mechanical transmission for driving
conveyor positioned on the drive shaft and an external
transmission for driving the header or other equipment
(Fig. 2 and Fig. 3).
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Elevatorul central este compus dintr-o carcasa, un
transportor cu lanturi si raclete, un sistem de intindere a
lanturilor, un sistem de ridicare a axului anterior al
transportorului, un ansamblu de sustinere a ramurii
superioare a transportorului, o transmisie mecanica
pentru actionarea transportorului pozitionata pe axul de
antrenare si o transmisie exterioara pentru actionarea
hederului sau altui echipament (fig. 2 si fig .3).
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chains stretching system/  lifting system of conveyor fore axle /
sistem de intindere lanturi  sistem de ridicare ax anterior transportor

Fig. 2 — Systems of chains stretching and lifting the fore axle of conveyor for Laverda combines /
Sistemele de ntindere a lanturilor si ridicare a axului anterior ale transportorului la combinele Laverda

|
reversor /  conveyor with chains and slats / using /
inversor  transportor cu lanturi si raclete carcasa transmisie exterioara

Fig. 3 — Reversor, conveyor with chains and slats, housing and external transmission at New Holland combines /
Inversorul, transportorul cu lanfuri gi raclete, carcasa gi transmisia externa la combinele New Holland

At some combine harvesters, the feederhouse has a La unele combine, elevatorul central are o transmisie
mechannical hydrostatic or electromechanical transmission for mecanohidrostatica sau electromecanica pentru inversarea
reversing the conveyor’s motion , in case of clogging (Fig. 4) miscarii transportorului, in caz de Infundare (Fig. 4)

Fig. 4 - Mechanical hydrostatic reverser of the CWS Series combine harvesters (John Deere firm) /
Inversor mecanohidrostatic al combinelor din Seria CVS (firma John Deere)

MATERIAL AND METHOD MATERIAL S| METODA

The harvested vegetal matter from the header of the Masa vegetald recoltatd de hederul combinei este
combine harvester is taken by a conveyor with chains and slats preluatd de transportorul cu lanturi si raclete al elevatorului
of the feederhouse, ideally oriented with ears farward (Fig.4). central, ideal cu spicele orientate Tnainte (fig.4).
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conveyor with
chains and slats /|
fransporior cu

lant si raclele

INMATEH — Agsicubtural ineeti,

threshing cylinder
with bars /
hatafor cu sing

concave /
canirabatafor

Fig. 4 - The vegetal matter transport scheme in feederhouse and the feeding of threshing system of the combine harvester /
Schema transportului masei vegetale in elevatorul central si alimentarea aparatului de treier al combinei de recoltat

Each slat is loaded with a quantity of material based
on the vegetal mass flow supply of combine harvester,
chains speed and the distance between the conveyor
chain slats. The vegetal mass transported by one slat is
calculated with the relation 1.

m =8P

r

where m; is the vegetal mass transported by one slat;
g — the combine harvested vegetal matter flow;

p — the distance between the slats;

Vi1 — the slat speed.

The slat speed can be calculated with the relation 2.

Vrl

where w is the angular speed of the conveyor chain sprocket;
ny — conveyor drive speed;
Dy — chain sprocket pitch diameter.

The vegetal matter transported by a slat between the
two conveyor shafts moves with friction on the slat and
feederhouse active surface. In position A; of the slat the
transported material is in contact with the feederhouse
active surface and travels relatively to the slat under the
forces represented in figure 5.

Fiecare raclete se Incarca cu o cantitate de material Tn
functie de debitul de alimentare cu masa vegetala al
combinei, viteza lanturilor si  pasul  racletelor
transportorului. Masa vegetala transportata de un raclete
este calculata cu relatia 1.

()
vrl
unde m, este masa vegetala transportata de un raclete;
g — debitul de alimentare cu masa vegetala al combinei;
p — pasul racletelor;
Vi1 — viteza racletelui.
Viteza racletelui se calculeaza cu relatia 2
& = Trnlr.Dd
60

@)
2

unde w este viteza unghiulara a rotii de lant a transportorului;
ny — turatia de antrenare a transportorului cu raclete;
Dy — diametrul de divizare al rotii de lant.

Masa vegetala transportata de un raclete intre cei doi
arbori ai transportorului se deplaseaza cu frecare pe
partea activd a raletelui si pe carcasa elevatorului. in
pozitia A a racletelui materialul transportat se afla in
contact cu carcasa Si se deplaseaza n raport cu
racletele sub actiunea fortelor reprezentate in figura 5.

chain
sprocket

conveyor
chain

e
//
Pt

elevator
housing

e

>

threshing
drum bar

Fig. 5 - Diagram of forces acting on a material particle driven by slat, positioned in point A; /
Diagrama forfelor care acfioneaza asupra unei particule materiale antrenatd de raclete, aflat in pozifia A,

Transported material moves along the slat active
surface from the position B; to B,. The force acting on a
material particle positioned in B, along the active part of

the slat surface is given by the relation 3.

Materialul transportat se deplaseaza de-a lungul partii
active a racletelui de la By la B». Forta care actioneaza
asupra particulei materiale aflata in pozitia B, pe directia
partii active a racletelui este data de relatia 3.
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F, =m,g(cosa- fsina) 3
where F; is the force acting on a material particle driven unde Fi1 este forta care actioneaza asupra particulei
by the slat, located in the position Ay; materiale antrenata de raclete, aflat in pozitia A1;

m; — the material mass transported by one slat; m, — masa materialului transportat de un raclete;
g — the gravitational acceleration; g — acceleratia gravitationala;
a — the conveyor angle measured from the horizontal plane; a — unghiul de inclinare al transportorului in raport cu orizontala;
f — the coefficient of friction of the material in contact with f — coeficientul de frecare al materialului pe componentele
the components of elevator. elevatorului.

The material particle acceleration is given by the relation 4. Acceleratia punctului material este data de relatia 4.

a, = g(cosa- fsina) (4)
where: unde:

a; is the acceleration of material particle moving along the ai este acceleratia de deplasare a materialului pe partea
active surface of the slat, located in the position Aj; activa a racletelui, aflat in pozitia Ay;
The material particle speed along the active surface of Viteza materialului de-a lungul partii active a racletelui
the slat is given by the relation 5. este data de relatia 5.
Lg . 5
v, =—(cosa- fsina ®)
m = )
where v is the speed of the material particle moving along unde v este viteza de deplasare a materialului pe partea
the active surface of the slat, located in the position As; activa a racletelui, aflat in pozitia A1;
L — the distance between the two conveyor shafts. L — distanta intre cei doi arbori ai transportorului.
The material particle speed driven by the slat between Viteza materialului antrenat de raclete intre cei doi
the two conveyor shatfts is given by the relation 6. arbori ai transportorului este data de relatia 6.
Vi=Vy+ve, (6)
where V1 is the speed of the material particle driven by the unde Vi este viteza materialului antrenat de raclete intre
slat between the two conveyor shafts. cei doi arbori ai transportorului.
The material particle speed angle V; related to the perpendicular Unghiul vitezei Vi a materialului in raport cu
to the active surface of the slat is given by the relation 7. perpendiculara pe partea activa a racletelui este dat de
relatia 7.
4Lg . (7)
o, = arct cosa - fsina
1 g wZDch ( )
where &; is the particle speed angle in relation to the unde &; este unghiul vitezei materialului Tn raport cu
perpendicular of the active surface slat, located in position A;. perpendiculara partii active a racletelui, aflat n pozitia A;.

Fig. 6 - The speed of the material driven by the conveyor slat, located in the position A,/
Viteza materialului transportat de racletele transportorului, aflat in pozifia A,

When the slat is in the position Az, the material driven Cand racletul este n pozitia A2, materialul transportat
by slat is still in contact with the feederhouse housing and de raclete se mai afla in contact cu carcasa elevatorului
is moving relatively to the active surface of the slat under central gi se deplaseaza in raport cu racletele sub actiunea

the forces presented in figure 7. fortelor reprezentate n figura 7.
=

| _ _
= AN tk
7 /(—/'\‘ NN\

// \ b

i,
SR

Fig. 7 - The diagram of forces acting on a material particle, on the active surface of the slat, located in the position A, /
Diagrama forfelor care acfioneaza asupra unei particule materiale pe partea activa a racletelui, aflat in pozifia A,
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The force acting on the material particle along the Forta care actioneaza asupra particulei materiale pe
active surface of the slat, located in position A,, is given directia partii active a racletelui, aflat in pozitia A2, este
by the relation 8. data de relatia 8.

F, =m, [w’r, +g(cosa-fsina) | (8)
Where: F; is the force acting on a material particle on the Unde: F, este forta care actioneaza asupra particulei
active surface of the slat, located in the position Ay; materiale pe partea activa a racletelui, aflat in pozitia Az;
r, — the circle radius of the material particle, r1 — raza de dispunere a particulei materiale, aflata
located in the position Bj. n pozitia B1.

Fig. 8 - The diagram of forces acting on a material particle, on the active surface of the slat, located in the position Az /
Diagrama fortelor care acfioneazd asupra unei particule materiale, pe partea activa a racletelui, aflat in pozifia Az

The force acting on the material particle along the Forta care actioneaza asupra particulei materiale pe
active surface of the slat, located in position As, is given by directia partii active a racletelui, aflat In pozitia As, este
the relation 9. data de relatia 9.

F, =m| gcos(a+B) +w’r, - fgsin(a+B) | ©)
where: unde:
Fs; - the force acting on a material particle on the Fs - forta care actioneaza asupra particulei materiale
active surface of the slat, located in the position As; pe partea activa a racletelui, aflat in pozitia As;
B - the conveyor slat discharge angle. B — unghiul de descarcare a racletelui;
r» - the circle radius of the material particle, located in r, — raza de dispunere a particulei materiale, aflata in
the position By; pozitia B>.
The average acceleration of the moving material is Acceleratia medie de deplasare a materialului este
given by the relation 10. data de relatialO.
1 . .
a, = E{wz (r, +1,) +g[ cos(a+B)+cosa-fsin(a+p)- fsma}} (10)
where: unde:
am is the average acceleration of the moving material am este acceleratia medie de deplasare a materialului
on the active surface of the slat, while it is in a rotation pe partea activa a racletelui, aflat in miscare de
movement. rotatie.
The slat discharge angle could be calculated with the Unghiul de descarcare a racletelui poate fi calculat cu
relation 11. relatia 11.
r,-r,
B=2w |— 2 1 - - 11
w’ (v, +1,)+g[ cos(a+p)+cosa-fsin(a+B)- fsina]
where: unde:
B is the slat discharge angle , while in a rotation B este unghiul de descarcare a racletelui, aflat in
movement. migcare de rotatie.
The material speed along the slat active surface is Viteza materialului de-a lungul partii active a racletelui
given by the relation 12. este data de relatia 12.
V,, = \/wz (rz2 -rlz)+ g(r, -r,)[ cos(a+B) +cosa-fsin(a+B) - fsina (12)
where: unde:
Vm2 is the speed of the material on the active surface of Vmz - viteza de deplasare a materialului pe partea activa a
slat, while in a rotation movement. racletelui, aflat in migcare de rotatie.
In the position Az, the feeding speed V, of the In pozitia As, viteza V. de alimentare a aparatului de

threshing system is a combination of the conveyor slat treier este compusa din viteza v, a racletelui si viteza Vi
speed vi1 and the material speed vz given by slat while in a materialului imprimata de raclete, aflat Tn miscare de
a rotation movement, as figure 9 and the relation 13. rotatie, conform figurii 9 si relatiei 13.
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Fig. 9 - The material speed transported by the conveyor slat, located in position Az /
Viteza materialului transportat de racletele transportorului, aflat in pozifia Az

V, =V, Vo, (23)
Vi = W,
where: unde:
V> - the feeding speed of the threshing system; V, - viteza de alimentare a aparatului de treier;
Vr2 — speed of the slat in the position Bo. V2 - Viteza racletelui in pundtul Bs.
The material speed angle &, measured from the Unghiul &> al vitezei materialului Tn raport cu

perpendicular to the slat active surface is given by the
relation 14.

perpendiculara pe partea activa a racletelui este dat de
relatia 14.

\/wz (r2-r2)+g(r, -r,)[ cos(a+B)+cosa-fsin(a+B)- fsina |

(14)

6, = arctg

In the transition zone from the feederhouse to the
threshing system, the vegetal mass is moving along an
articulated plate to concave, which seals this area. The
articulated plate also has the role to reduce the feeding angle
with material of the threshing system for its taking over by
the bars of threshing cylinder, its configuration being that of
the material trajectory discharged by the conveyor slat.

The transition zone, the trajectory and the material
speed direction when the material is discharged by the
slats are presented in figure 10.

wr,

In zona de trecere de la elevatorul central la aparatul de
treier, masa vegetala se deplaseaza pe o placa articulata la
contrabatator, care etanseaza aceasta zona. Placa reglabila
are si rolul de a micsora unghiul de alimentare cu material a
aparatului de treier in vederea preluarii materialului de sinele
batatorului, configuratia ei find aceea a traiectoriei
materialului descarcat de racletele transportorului.

Zona de trecere, traiectoria si directia vitezei de
deplasare a materialului Tn momentul descarcarii de
material a racletelor sunt prezentate n figura 10.

adjustable plate |
Dlaca reglabila

=

Fig.10 - The transition zone configuration and the crop material speed profile in the moment when the crop material is being
discharged by the conveyor slat / Configurafia zonei de trecere gi epura vitezelor de deplasare a straturilor de material in momentul
descdrcdrii de material a racletelor

The crop material height when feeding the threshing
system, could be calculated with the relation 15.

h. =

a
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Grosimea materialului la alimentarea aparatului de
treier se calculeza cu relatia 15.

q (15)
lev VZY
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where:

ha - the thickness of the crop material feeding the

threshing system, in m;

g — combine crop material flow, kg/s;

ley — internal width of feeder housing, m;

V. — the crop material speed entering the threshing

system, m/s;

y — the crop material bulk density, kg/ms.

For an optimal feeding of threshing system, the
material feeding time must be equal to the material
takeover time and its passage through the threshing

INMATEH — v4¢ziculhwzl é_nM eeting

unde:

ha - grosimea materialului la alimentarea aparatului

de treier, in m;

g — debit alimentare cu masa vegetala combina, kg/s;

lev — l&time interioara carcasa elevator central, m;

V, — viteza de alimentere a aparatului de treier,

m/s;

Yy — masa volumica a materialului, kg/m3.

Pentru o alimentare optima a aparatului de treier,
timpul alimentarii cu material trebuie sa fie egal cu timpul
preluarii si trecerii acestuia prin spatiul de treier, conform

space, according to the relation 16. relatiei 16.
ta\lim. = ttr. (16)
where: unde:

taim is the material feeding time;
tr - the material takeover time and its passage
through the threshing space.
The material feeding time of the threshing system is
calculated with the relation 17.

t

The material takeover time and its passage through

the threshing space is calculated with the relation 18.
ttr.
where:

6 - the angle of the bar which takes over the material

and the bar which comes out of the threshing space;

ny - the threshing cylinder speed.

Starting from the relation 16, it follows that the
conveyor drive speed depends on the threshing cylinder
speed corresponding to the harvest vegetal matter and
can be calculated with the relation 19.

n =

[

RESULTS
For the calculation of the parameters used in this
analysis, the following values characteristic to the combine
harvester C110 [4.5] are being used:
- the combine harvester crop material flow:
q=3.9...6.2kg/s;
- chain sprocket speed for driving the conveyor:
ny=518rot/min;
- the chain sprocket pitch diameter: Dy =0.142m;
- number of slats: z=14;
- the distance between two consecutive slats: p=0.16m;
- the slat length: lsja =1.03m;
- the radius to point B1: r1=0.096m;
- the radius to point B2: r,=0.118m;
- the feederhouse sloping angle measured from the
horizontal plane a=32 4,
- the angle of the bar which takes over the material and the bar
which comes out of the threshing space 6 = 2.356rad.;
- the distance between the feederhouse conveyor shafts: L=1.63m.
According to the mathematical model presented, the resullts are:
- the crop material mass transported by one slat:
m=0,162...0,258kg;
- the slat speed: v;1=3.85m/s;
- the speed of the crop material along the active surface
of the conveyor slat in position A1 : vm1=2.64m/s;
- the speed of the crop material driven by the conveyor
slat between the two conveyor shafts:V1=4.67m/s;
- the material particle velocity angle measured from the
perpendicular on the active surface of the conveyor slat
in the position Ay: 6,=34.42°%

alim. —

taim €ste timpul necesar alimentarii cu material;
tr - timpul necesar preluarii si trecerii materialului
prin spatiul de treier.
Timpul necesat alimentarii cu material a aparatului de
treier se calculeaza cu relatia 17.

_Pp __60p an

v, TtmnD,

i

Timpul preluarii si trecerii materialului prin spatiul de
treier se calculeaza cu relatia 18.

_ 308 (18)
m,

unde:

6 - unghiul facut de sina batatorului care preia

materialul gi gina care iese din spatiul de treier;

Ny — turatia batatorului.

Plecand de la relatia 16, rezulta ca turatia de antrenare
a transportorului depinde de turatia batatorului
corespunzatoare masei vegetale recoltate si poate fi
calculata cu relatia 19.

2 19)
oD,

REZULTATE
Pentru calculul marimilor prezentate in studiu, se
folosesc urmatoarele valori caracteristice combinei C110

[4,5]:
- debit de alimentare cu masa vegetala al combinei:
g=3,9...6,2kg/s;

- turatia rotii de lant de antrenare a transportorului:
ny=518rot/min;

- diametrul de divizare al rotii de lant: Dg=0,142m;

- numarul racletilor: z=14;

- pasul recletilor: p=0,16m;

- lungime raclete: lraclete =1,03m;

- raza punctului B1: r1=0,096m;

- raza punctului B2: r,=0,118m;

- unghiul de inclinare al elevatorului central in raport cu
orizontala =324,

- unghiul facut de sina batatorului care preia materialul si
sina care iese din spatiul de treier 6=2,36rad.;

- distanta Tntre arborii transportorului: L=1,63m.

Conform modelului matematic prezentat, rezulta:
masa materialului  transportat de un raclete:
m=0,162...0,258kg;
viteza racletelui: v;1=3,85m/s;
viteza de deplasare a materialului pe partea activa a
racletelui, aflat in pozitia A1 : vim1=2,64m/s ;
viteza materialului antrenat de raclete Tntre arborii
transportorului: V1=4,67m/s ;
unghiul vitezei materialului in raport cu perpendiculara
pe partea activa a racletelui, aflat Tn pozitia Ai:
5:=34,42°%
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- the conveyor slat discharge angle when the slat is in a
rotation movement: 8=16"

- the speed of the crop material along the active surface of
the conveyor slat in a rotation movement: vmy=3.723m/s;

- the conveyor slat speed in point B2 : v(2=6.4m/s;

- the speed of the crop material driven by the conveyor
slat in a rotation movement: V,=7.4m/s;

- the material particle velocity angle measured from the
pempendicular to the active surface of the conveyor slat: 6,=30.19 ¢

- the height of the crop material entering the threshing
system h;=0.064...0.102m (for y:lSkg/m3);

- conveyor drive speed ny=918rot/min, for the threshing
cylinder speed n,=960 rot/min.

CONCLUSIONS

According to mathematical model presented, the drive
speed of conveyor with chains and slats must be
correlated with the threshing cylinder speed characteristic
to vegetal mass harvested. For example, in wheat
harvesting, maximum performances of the threshing
process conducted by the combine harvester threshing
system C110 will get to the conveyor with chains and slats
drive speed ny=918 rot/min, which represents a material
feeding speed of the threshing system V,=13.13m/s.

For the current conveyor drive speed ny=518rot/min,
results in an angle of the bar which takes over the material
and the bar which comes out of the threshing space of
6=239.29°, the threshing system feeding with material
being made with pauses.
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unghiul de descarcare a racletelui, aflat Tn miscare de
rotatie; f=16 4

viteza de deplasare a materialului pe partea activa a
racletelui, aflat Th migcare de rotatie: vim>=3,723m/s;
viteza racletelui in punctul B2: vi,=6,4m/s;

viteza de alimentare a aparatului de treier: Vo, = 7,4
m/s;

unghiul vitezei materialului Th raport cu perpendiculara
pe partea activa a racletelui: 6,=30,19 ¢

grosimea materialului la alimentarea aparatului de treier
h,=0,034...0,054m (pentru y=15kg/m®);

turatia de antrenare transportor ny= 918rot/min, pentru o
turatie a batatorului de n,=960 rot/min.

CONcCLuzIl

Conform modelului matematic prezentat, turatia de
actionare a transportorului cu lanturi si raclete trebuie sa fie
corelata cu turatia batatorului caracteristica masei vegetale
recoltate. De exemplu, la recoltarea graului, performante
maxime ale procesului de treier realizat de aparatul de
treier al combinei C110 se vor obtine pentru o turatie de
antrenare a transportorului cu raclete de ny=918 rot/min,
ceea ce reprezinta o viteza de alimentare cu material a
aparatului de treier de V»=13,13m/s.

Pentru actuala turatie de actionare a transportorului de
ny=518rot/min, rezultd un unghiul facut de sina batatorului
care preia materialul si sina care iese din spatiul de treier
de 6=239,29°, alimentarea aparatului de treier cu material a
facandu-se cu pauze.
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Abstract: The paper presents the theoretical and
practical researches on the achievement and testing of a
trailed windrover for fodder harvesting which carries out
the operations of mowing, crushing and placing in
continous and uniform swath of grassy fodder plants on
the ground for natural drying,by a single passing. On the
windrover were tested two types of conditioning devices
for forages aiming the reduction of harvesting losses for
different types of crops.

Keywords: windrover, fodder, ensilage, cutting device,
rolls forage crusher

INTRODUCTION

Ensuring of a high quality forage throughout the year
is one of the main concerns of the animal breeders which
monitor the cost reduction by lowering losses at harvest
as well as obtaining of some forage with superior
nutritional quality and their conservation in advantageous
conditions. For this reason the forage harvesting is done
at biological maturity when it contains a high amount of
nutrients (proteins, phosphorus, potassium) and which
does not coincide most times with the maximum
vegetative mass. Globally the concerns in the field are
particularly complexes and include a wide range of
activities. Annual forage losses during harvest, transport,
storage and handling up to the animals feeding, are
estimated at 28...30% out of annual production, from
which about 20% are recorded during the harvest, as well
on field drying and 8...10% during storage and distribution
operations to animals [8].

Experimental measurements have shown that during
the first 4 days of stationing on the field of mowed forage
the dry matter losses are 1...1.5% per day and can reach
up to 4% daily for longer periods of time. The researches
conducted abroad and in our country have shown that it
can be reduced to half the forage stationary time in the
field by introducing the plant crushing operation,
respectively of the stalks along with mowing, process that
speeds up the the evaporation of water and equalizes
leaves and stalks drying [1, 4].

This operation can be performed with crushing devices
driven by tractor or, in most cases these are mounted on
mowers and the crushing is done simultaneously with
plants mowing in the field.

Due to these advantages, the manufacturing
companies have developed and diversified a wide range
of mowers with crushings called windrovers, which have
working widths up to 4.5 m, and in the field carries out in
one pass the mowing, crushing and placing the plants in
continuous swath on the ground, of various widths,
depending on the production requirements.

MATERIAL AND METHOD

INMA has performed and tested an experimental model
of towed windrover for harvesting forage called VTR-2.4
(fig. 1) intended for harvesting of grassy fodder plants
(alfalfa, clover, grasses, herbs mixed with vegetables) for
natural drying. Depending on the adopted working
technology, the green crops located in the swath may be

41

Rezumat: Tn lucrare sunt prezentate cercetdrile teoretice i
practice privind realizarea si incercarea unui vindrover
tractat pentru recoltat furaje care efectueza la o singura
trecere operatiile de cosire, strivire, si asezare pe sol in
brazda continua si uniforma a plantelor furajere ierboase n
vederea uscarii naturale. Pe vindrover au fost testate doua
tipuri de dispozitive pentru conditionat furaje urmarindu-se
reducerea pierderilor la recoltare a diferitelor culturi furajere
ierboase destinate pentru obtinerea fanului.

Cuvinte cheie: vindrover, plante furajere, insilozare, aparat
de taiere, strivitor de furaje cu valturi

INTRODUCERE

Asigurarea de furaje de buna calitate pe tot parcursul
anului este una din preocuparile de baza ale crescatorilor de
animale care urmaresc reducerea costurilor prin micsorarea
pierderilor la recoltare cat si obtinerea unor furaje cu calitati
nutritive superioare si conservarea acestora in conditii cat
mai avantajoase. Din acest motiv recoltarea furajelor se face
la maturitatea biologica cand acestea contin o cantitate
maxima de substante nutritive (proteine, fosfor, potasiu) si
care nu coincide de cele mai multe ori cu masa vegetala
maxima. Pe plan mondial preocuparile Th domeniu sunt
deosebit de complexe si cuprind o paleta mare de activitati.
Anual pierderile de furaje Tn timpul recoltatului, transportului,
depozitarii $i manipularii pana la administrarea la animale,
sunt estimate la 28...30% din productia anuala, din care
circa 20% se inregistreaza n timpul recoltatului dar si uscarii
pe camp iar 8...10% in timpul operatiunilor de depozitare si
distribuire la animale [3, 5, 6, 7, 8].

Masuratori experimentale au aratat ca in primele 4 zile
de stationare pe camp a furajelor cosite pierderile de
materie uscata sunt 1...1,5% pe zi putand ajunge pana la
4% pe zi pentru perioade mai mari de timp. Cercetarile
efectuate in strainatate si In tara au aratat ca poate fi
redus la jumatate timpul de sedere al furajelor pe camp
prin introducerea operatiei de strivire al plantei, respectiv
al tulpinilor odata cu cosirea, proces ce grabeste
evaporarea apei uniformizandu-se uscarea dintre frunze si
tulpini [1, 4].

Aceasta operatie se poate realiza cu dispozitive de
strivire actionate de tractor sau in cele mai multe cazuri
acestea sunt montate pe cositori iar strivitul se realizeaza
concomitent cu cositul plantelor din lan.

Datorita acestor avantaje firmele constructoare au
realizat si diversificat o gama variata de cositori cu
strivitoare denumite vindrovere, care au latimi de lucru de
pana la 4,5m, iar Tn procesul de lucru realizeaza la o singura
trecere cositul, strivitul si asezarea plantelor In brazda
continua pe sol, de diferite latimi, Tn functie de cerintele din
productie.

MATERIAL S| METODA

INMA a realizat si incercat un model experimental de
vindrover tractat pentru recoltarea furajelor, denumit VTR-
2,4, (fig. 1) destinat recoltarii plantelor furajere ierboase
(lucerna, trifoi, ierburi, amestecuri de ierburi cu
leguminoase) in vederea uscarii naturale. Tn functie de
tehnologia de lucru adoptata, plantele furajere aflate in
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collected when they reached the humidity of 50...55% for
the ensilage at low humidity, or left to dry until reach 20%
humidity, then being collected and stored as hay bulk or

brazda pot fi adunate cand au ajuns la umiditatea de
50...55% pentru nsilozarea la umiditate scazuta, sau lasate
sa se usuce péana la umiditatea de cca 20%, urmand a fi

bales [2].

adunate si depozitate sub forma de fan vrac sau balotati [2].

Fig. 1 - The windrover VTR - 2.4 in aggregate with the tractor U650 / Vindroverul VTR —2.41n agregat cu tractorul U650

The towed windrover VTR-2.4 works in aggregate
with 55-80 HP tractors, being coupled to coupling bar
and the active elelments are powered from the PTO via
a cardanic transmission.

The windrover is carried on a frame equipped with
two wheels with low pressure tires and a hitch for
coupling to the tractor towing bar.

The cutting device is of rotating disc type driven by a
transmission with gears mounted Tn a metal housing.
The oval shaped rotating discs are placed above the
metal housing on which are positioned two knives
articulated by some special screws.

Given the diversity of forage crops from our country
(alfalfa, clover, mash, grasses, mixtures of vegretables
with herbs) that can be harvested with the forage
windrovers, INMA has conducted tests with different
forage crushing devices in different culture conditions,
in which it was observed the crushing effect on the
plants, the losses of material as well as the crushing
devices behavior under various adjustments and crop
conditions.

There were manufactured and tested the following
constructive variants of crushing devices:
crusher with two metal rollers with continuous
helical ribs;
crusher with two rollers, of which the upper one is
rubberized, and the lower is with helical ribs;
crusher with two rubberized rollers with equal
diameters and profiled surface;
crusher with rotor with elastic metallic claws;
crusher with rotor with articulated metallic bar and
with adjustable comb.

Vindroverul tractat VTR-2,4 lucreaza in agregat cu

tractoarele de 55-80 CP, cuplat la bara de tractiune, iar
organele de lucru sunt actionate de la priza de putere prin
intermediul unei transmisii cardanice.

Vindroverul este purtat pe un cadru de rulare prevazut

cu doua roti cu pneuri de joasa presiune si un protap
pentru cuplarea la bara de tractiune a tractorului.

Aparatul de taiere este de tipul cu discuri rotative

actionate de o transmisie cu roti dintate montate ntr-o
carcasa metalica. Discurile rotative ovale sunt plasate
deasupra carcasei metalice, pe care sunt pozitionate doua
cutite articulate prin intermediul unor suruburi speciale.

Tinand cont de diversitatea culturilor furajere din tara

noastra (lucerna, trifoi, borceag, ierburi, amestecuri de

leguminoase cu

ierburi) care se pot recolta cu

vindroverele de furaje, INMA a efectuat incercari cu
diferite dispozitive de strivit furaje in diferite conditii de
cultura, Tn cadrul carora s-a urmarit efectul strivirii asupra

plantelor,

precum si a pierderilor de material si

functionarea strivitoarelor in diferite conditii de reglaj si
cultura.

Au fost realizate si Tncercate urmatoarele variante

constructive de dispozitive de strivit:

strivitor cu doua valturi metalice cu nervuri continue
elicoidale;

strivitor cu doua valturi, dintre care cel superior
cauciucat, iar cel inferior cu nervuri elicoidale;

strivitor cu doua valturi cauciucate cu diametre egale
si cu suprafata profilata;

strivitor cu rotor cu gheare metalice elestice;

stirivitor cu rotor cu bare metalice articulate si cu
pieptene reglabil.

direction of movement /
# directia de deplasare

Fig. 2 - The working process of the crusher with rollers / Procesul de lucru al strivitorului cu valturi
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Devices for crushing with two rollers (fig. 2) mainly consist
of two rollers of different diameters pos. 2 and 3 mounted
by means of some oscillating bearings on two walls of
metal sheet, the deflector pos. 4 and cutting device pos. 1.
On the rollers surface were applied straight or helical ribs,
and the upper roller is able to float vertically depending on
the thickness of the layer of plants passing through crusher.

The working process of these crushers is the following: the
forage plants mowed from the field are taken over by the
two rollers having different directions of rotation and due to
the pressing force between the two rollers the plants are
laminated and the ribs from their surface perform the actual
crushing. The peripheral speed of the two rollers pos. 2 and
3 fosters the throwing in the back of plants crushed in the
deflector pos. 4, falling into continuous swath on the ground.

adjustable screen /
paravan reglabil

a) crushing device with elastic claws /strivitor cu gheare elastice

Devices for crushing with rotor with claws or articulated
bars (fig. 3) are of metal construction and the active working
element is a cylindrical rotor on which are mounted metal
claws or other rigid materials, evenly distributed over the
whole length of the rotor.

The working principle of these crushers is the following:
the forage plants mowed from the field are processed by
the claws or the bars of rotor and engaged in the direction
of rotation. The crushing itself occurs by rubbing the plants
(even hitting them) of a screen located at the top of the
trajectory of claws, which can be near rotor, intensifying the
process of friction and crushing of plants (fig. 3a).

In the case of the rotor and comb crusher (fig. 3b) the
crushing process is intensive and includes several phases:
in the first stage the plants are taken over by the bars of
the rotor and are crushed by hitting;
in the second phase, the plants are struck by hood,
impact contributing to accentuate the cracks and
breaking of waxy film that covers the stalks;
in the third phase the plants are passed through the
comb teeth, where takes place also a defibering process.

The main characteristics of the windrover VTR 2.4 are
the following:

e the working widths, m ...................cooeee. 2.4;
- type of the cutting device ............. with rotating discs;
« frequency of rotation of the discs, min~ !..2700;

» the number of rotating discs, pcs
» the number of knives per disc, pcs
» type of crusher, with two roIIers shaft;
- working width of the crusher, m. ............... 1750;

e ACtUALION .eooeiiiiiiiee e 55 ... 85 hp tractor
. PTO speed, min™*

- maximum working speed, km/h. ..10;
» cutting height, mm. ........cccccoeiviiiiieeiiine, 40...60;
« swath width of material, m. .................... 0.8...1,2

o weight, daN. .....ccccooeiiiiiii e 1840.
The main technical and functional characteristics of the
crushers are presented in table 1 and 2.
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Dispozitivele de strivit cu doud valfuri (fig. 2) sunt constituite
in principal din doua valturi de diametre diferite poz. 2 si 3
montate prin intermediul unor lagare oscilante pe doi pereti
din tabla, deflectorul poz. 4 si aparatul de taiere poz. 1. Valturile
au aplicate pe suprafatd nervuri drepte sau elicoidale, iar
valtul superior are posibilitatea flotarii pe verticald in functie
de grosimea stratului de plante care trece prin strivitor.

Procesul de lucru al acestor strivitoare este urmatorul:
plantele furajere cosite din lan sunt preluate de cele doua
valturi care au sensuri de rotatie diferite si datorita fortei de
apasare dintre cele doua valturi plantele sunt laminate iar
nervurile de pe suprafata lor realizeaza strivirea propriuzisa.
Viteza periferica a celor doua valturi poz. 2 si 3 favorizeaza
aruncarea n spate a plantelor strivite in deflecorul poz. 4
cazéand Tn brazda continua pe sol.
adjuztable combd
pieptene reglahil

rotar with articulated barsd
ratar ey bare adiculate

b) crushing device with articulated bars /strivitor cu bare articulate
Fig. 3 — The working process of the crusher with rotor / Procesul de lucru al strivitorului cu rotor
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Dispozitivele de strivit cu rotor cu gheare sau bare articulate
(fig. 3) sunt de constructie metalica, iar organul de lucru activ
il constituie un rotor cilindric pe care sunt montate gheare
metalice sau din alte materiale rigide, distribuite uniform pe
toata lungimea rotorului.

Principiul de lucru al acestor strivitoare este urmatorul:
plantele furajere cosite din lan sunt prelucrate de ghearele
sau barele rotorului si antrenate in sensul de rotatie. Strivirea
propriu-zisa are loc prin frecarea plantelor (chiar izbirea lor)
de un paravan situat in partea superioara a traiectoriei
ghearelor, care se poate apropia de rotor, intensificand
procesul de frecare si strivire a plantelor (fig. 3a).

Tn cazul strivitorului cu rotor si pieptene (fig. 3b) procesul
de strivire este mai intens si cuprinde mai multe faze:

- in prima faza plantele sunt preluate de barele rotorului, i
sunt strivite prin lovire;

- in a doua faza, plantele sunt lovite de capota, lovire care
contribuie la accentuarea fisurilor si spargerea peliculei
ceroase care acopera tulpinile;

- In faza a treia plantele sunt trecute printre dintii pieptenului,
unde are loc si o defibrare.

Principalele caracteristici ale vindroverului VTR 2,4 sunt
urmatoarele:

. latimea de lucru, m ...................... 2.,4;

- tipul aparatului de taiere ................ cu discuri rotative
. frecventa de rotatie a discurilor, min " *...... 2700;

- numarul discurilor rotative, buc ................ 6;

« numarul cutitelor pe disc, buc .................. 2'

«  tipul strivitorului,

. latimea de lucru a strivitorului, m. ............ 1750;
e actionare. ......ccccveieii tractor de 55...85 CP
. turatia prizei de putere, min~ L e, 540;
. viteza de lucru max., km/h ........c.ooovvvnrnnn. 10;

- Tnaltimea de taiere, mm
- latimea brazdei de material, m
o greutatea, daN ........cccceeeeiiiiie e 1840.

Principalele caracteristici tehnice si functionale ale
strivitoarelor sunt prezentate in tabelul 1 si 2.
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X e el et L T o
Fig. 4 - The windrover VTR -2.4 to harvesting alfalfa

Technical characteristics of crushers with rollers

|/ Caracteristici tehnice ale strivitoarelor cu val
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v,

/ Vindroverul VTR -2,4 la reltat lucerna

Table 1/ Tabelul 1
turi

Type of crusher / Tipul strivitorului
. With a metal roller and a 2 equal rollers shaft
Specification / Specifica fie IEAJLIJI/ 2 rlg:]e:ﬂr}weztilarlotﬂtreirs rubberized roller/ cuun | rubberized and profiled /
metalice nervurate valt metalic siunvalf | 2 valfuri egale cauciucate
cauciucat si profilate
Constructive Worl.<|nvg width / Latimea m 27 27 27
constructiva de lucru
Rollers shaft diameter / upper / superior mm 168 168 185
Diametrul valfurilor | lower/ inferior 195 195 185
Rollers shaft speed / upper / superior otfmin 741 741 705
Turafia valturilor lower/ inferior 635 635 705
) ) rotor with elastic claws / rotor with articulated bars and comb
rotor cu gheare elastice / rotor cu bare articulate  si pieptene
Constructive working width / L&fimea constructiva m 27 27
de lucru
Active range of claws / Raza activa a ghearelor | mm 280 260
Claws pace / Pasul ghearelor mm 85 107

The tests were performed in aggregate with the 65 HP
tractor of Romanian manufacturing.

The average values of working qualitative indexes at
harvest alfalfa are presented in table 2.

Technical characteristics /

Incercarile au fost efectuate Th agregat cu tractorul de
65 CP. de fabricatie romaneasca.

Valorile medii ale indicilor calitativi de lucru la recoltat
lucerna sunt prezentati in tabelul 2.

Table 2/ Tabelul 2
Caracteristici tehnice

. . N . M.U./ Determined value /

Index designation / Denumirea indicelui UM. Valoarea determinat &
Effective working width / Latimea efectivd de lucru m 2150
Cutting height (stubble) / Tndlfimea de tdiere (miristea) mm 60
Working speed / Viteza de lucru km/h 6.2....8.0
Crushing degree of plants / Gradul de strivire a plantelor % 85
Characteristics of swaths / Caracteristicele brazdelor
. width / 1&fime mm 09-16
. height / inalfime mm -
. weight (at harvest) / greutate (In momentul recoltdrii) kg/m.l. approx. 3.2
Loss of material / Pierderi de material % 15

The cutting height was 60 mm (according to the
agrotechnical requirements for harvesting alfalfa) and
was uniform throughout the entire working width. It must
be noted that the cutting hight can be adjusted between
40 and 80 mm depending on requirements of land and
culture.

The optimum working speed was 7.5..8.0 km/h,
however in the conditions of well leveled land is possible
to work with speeds up to 10 km/h at an appropriate
cutting height.
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Inaltimea de taiere a fost de 60 mm (conform
cerintelor agrotehnice pentru recoltat lucernd) si a fost
uniforma pe toata latimea de lucru. De mentionat faptul
ca din reglaje se pot obtine Tnaltimi de taiere cuprinse
intre 40...80 mm in functie de cerintele de teren si
cultura.

Viteza optima de lucru a fost de 7,5...8,0 km/h, insa in
conditiile unui teren bine nivelat se poate lucra cu viteze
de pana la 10 km/h Tn conditile unei Tnaltimi
corespunzatoare de taiere.
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RESULS
The crushing degree was calculated with equation (1):

A

where: S; = sample plant mass remained uncrushed and
S, = total sample plants mass passed through crusher
[2].

It was considered crushed plant any plant whose stalk
was strangled in at least two places.

Material losses were determined by the relation (2):

q:

where: & = mass of small leaf and plant fragments
collected from the ground by removing the swath
immediately after crushing and S; = total mass of plants
from the sample surface, [4].

The testings of experimental models of crushers were
conducted during the summer (June - August) at SC
Agroindustrial Pantelimon, llfov County, and ICPCP
Magurele Brasov, and the main biological characteristics
of forage crops in which took place the testings are
presented in table 3. In table 4 are presented the working
indices of the crusher with rollers and in table 5 are
shown the working indices of the crusher with claws.

Biological characteristics of forage crops /

@

S
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REZULTATE
Gradul de strivire s-a calculat cu relatia (1):

-%)xlOO(%)

@

unde: S1 = masa plantelor din proba ramase nestrivite si
S2 = masa totala a plantelor dintr-o proba trecuta prin
strivitor [2].
S-a considerat planta strivita orice planta a carei
tulpina a fost strangulata in cel putin doua locuri.
Pierderile de material s-au determinat cu relatia (2):

x100 (%) (2

unde: & = masa frunzulitelor si fragmentelor de plante
adunate de pe sol prin indepartarea brazdei imediat dupa
strivire si S2 = masa totald a plantelor de pe suprafata
probei, [4].

Tncercéarile modelelor experimentale de strivitoare s-au
efectuat in perioada de vara (iunie-august) la S.C.
Agroindustriala Pantelimon, jud. llifov, si ICPCP Magurele
Brasov, iar principalele caracteristici biologice ale culturilor
furajere in care au avut loc incercarile sunt prezentate in
tabelul 3. In tabelul 4 sunt prezentati indicii de lucru ai
strivitorului cu valturi si Tn tabelul 5 sunt indicii de lucru ai
strivitorului cu gheare.

Table 3/ Tabelul 3

Caracteristici biologice ale culturilor furajere

Forage crop / Cultura furajer a

Specification / Specifica fie '\Lm’ Alfalfa first mowing /| Alfalfa the Il-nd mowing / Cultivated hayfield /
o Lucern & coasa l-a Lucern & coasa a-ll-a Faneata cultivat a
Green mass production / Producfia t/ha 19.5 14.7 234
de masad verde
:I'hve'average 'he|ght of the plants / mm 600 535 600
Indltimea medie a plantelor
The average length of the plants / mm 760 600 730

Lungimea medie a plantelor

Vegetation stage / Stagiul de vegetafie -

50% blossomed / inflorit

70% blossomed / inflorit Earing / Inspicare

Humidity of plants / Umiditatea plantelor | % 78.30 76.20 75.50
- festuca............... 35
- lolium p....cooee 10
Botanical composition / Compozitia - alfalfa / lucerna: 83 - alfalfa / lucernd =95 ) agro_gtls tenuis....20
L ’ % . . - dactilis g..... ....10
botanica - other plants / alte plante: 17 | - other plants / alte plante: 5 | _ trifolium r 5

- lotus caniculatus..5
- other species / alte specii: 15

Working indexes - crusher with rollers /

Table 4 / Tabelul 4
Indici de lucru - strivitorul cu valturi

Forage crop / Cultura furajer a

Specification / Specifica fie MO Affalfa first mowing /| Aftalfa the Il-nd mowing /| Cultivated hayfield /
o Lucern & coasa l-a Lucern & coasa a-ll-a Faneata cultivat a
Green mass production / Productia de masd verde | t/ha 19.5 14.7 234
Flow rate of material passing through crusher /| t/ha 24.3 24.1 24.3
Debitul de material ce trece prin strivitor kg/s 6.75 6.68 6.5
Degree of crushing plants for the version with /
Gradul de strivire al plantelor pentru varianta cu:
« ribbed steel rollers / valfuri cu nervuri metalice % 82 - -
» one metal and one rubberized roller / un valf| % 88 83 -
metalic si celdlalt cauciucat
« profiled rubberised rollers / valfuri cauciucate profilate | % 87 90 20
Material losses caused by crushing / Pierderi de
material cauzate de strivire:
a) ribbed steel rollers / valfuri cu nervuri metalice % 14 11 <1
b) one metal and one rubberized roller / un valf| % 1.1 1.0
metalic gi celdlalt cauciucat
c) profiled rubberised rollers / valturi cuciucate profilate % 1.0 <1
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Working indexes - crusher with claws /
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Table 5/ Tabelul 5
Indici de lucru — strivitor cu gheare

Forage crop/ Cultura furajer
I - . M.U./
Specification /- Specifica fie UM. | Alfalfathe ll-nd mowing/ | Cultivated hayfield /
Lucern & coasa a-ll-a Faneata cultivat a
Green mass production / Productia de masa verde t/ha 14.7 234
Flow rate of material passing through the rollers / Debitul de material | t/ha 24.1 24.3
ce trece printre valfuri kg/s 6.68 6.5
Degree of crushing plants for / Gradul de strivire al plantelor pentru:
. crusher with rotor with claws / strivitor cu rotor cu gheare
«  crusher with rotor with bars and comb / strivitor cu rotor cu bare si| % 99 73
pieptene % 99 87
Material losses, total / Pierderi de material, total % 5.7..8.0 1.0..1.3
+ little leaves / frunzulife % 45..6.0 -
«  fragments of stalks / fragmente de tulpini % 1.2..2.0 -

without crushing /

fard strivire
alfalfa / 1476
Lucernd , 14,7t/ha
< 80 H
‘\\ a
- = .
}:: g \. N ~ | [erushing § strivire = 88 %
22 60 oy ~ | / |losses / prerderi = 1.1/ 1,74,
22 LN
= O "
L e B N WA S e _ b
\ ) \\/ ; [erushing | strivire = 99 %,
...... 7 Q‘. 1 losses | pierderi = 8%
. — .
20 R AR S
| i l ——
0 10 20 30 40 850

drying time / disrata de uscare | hours / ore
Fig. 5 - Influence of crushing upon alfalfa / Influenta strivirii asupra lucernei
a) crushing device with rollers/ dispozitiv de strivit cu valturi; b) crushing device with elastic claws/dispozitiv de strivit cu gheare elastic

hayfield / faneatd , 23t/1

Y

15

SUK

a.

crushing | strivire = gg %
losses | pierderi =11/ 1,7 %,

b.

crushing | strivire = 99 9
losses | plerderi = 8%

= 2 b, I
8z ] - i ing j ——
== N without crushing /
z g 60 * :\-;‘\\ /| fard strivire
g‘ g \'\\ \ \\{\'\.
ZE * [
E E 40 - i H:“'-:-r_r.:'
== - - . _“: . .
20 RSV S e
[ Se—_— ‘-__‘-ll
0 | L]
10 20 30 40

drying time / dirrata de uscare | howrs / ore

Fig. 6 - Influence of crushing on the herbs / Influenta strivirii asupra ierburilor
a) crushing device with rollers / dispozitiv de strivit cu valturi; b) crushing device with elastic claws / dispozitiv de strivit cu gheare
elastice

The field of alfalfa was characterized by an uniform
height ground leveled and cleaned of impurities.

The field of hayfield was well developed, the land
presented small bumps and frequent mole mounds.

The results of tests obtained in different culture
conditions with the towed windrover VTR 2.4 equipped
with crushing devices with rollers, are presented in the
table 5, and the results of those with rotor with claws are
presented in the table 6.

Appropriate to the material flow rate which corresponded
to the optimum working regime, the thickness of the
material layer was between 10 and 30 mm.
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Lanul de lucerna s-a caracterizat printr-o inaltime
uniforma, teren nivelat si curatat de impuritati.

Lanul de faneata a fost bine dezvoltat, terenul a
prezentat mici denivelari si frecvente musuroaie de cartita.

Rezultatele incercarilor obtinute in diferite conditii de
cultura cu vindroverul tractat VTR 2,4 echipat cu
dispozitive de strivit cu valturi, sunt prezentate in tabelul
5, iar rezultatele celor cu rotor cu gheare sunt prezentate
n tabelul 6.

Corespunzator debitului de material care a corespuns
regimului optim de lucru, grosimea stratului de material a
fost cuprinsa ntre 10...30 mm.
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CONCLUSIONS

Analyzing the results from Tables 5 and 6 obtained at
tests with experimental models of crushers for forages it
has been found the following:

1. The crushers with rollers characterized by a reduced
aggressiveness on plants, perform an appropriate degree
of crushing of 82 ... 93% at crushing alfalfa and a small
crushing degree (not satisfactory) of 20%, at herbs. The
losses of material are within 1 ... 1.4% at alfalfa, and at
herbs are insignificant having values below 1%. The
variant of riffled metal roller crusher realized losses greater
than the rubberized variants, but are located below 1.5%
according to the agro-technical requirements imposed to
these types of machinery.

2. The crushers with rotor which are characterized by a
greater aggressiveness on the plants, achieve a high
degree of crushing, of 99% at crushing alfalfa, at herbs the
degree of crushing being of 73 ... 87%. Due to high
mechanical action on the plants, the loss of material at
alfalfa crushing is between 5.7 ... 8.0% (well above the
limit of 1.5% allowed by the agrotechnical requirements)
and consist of little leaves detached from the stalks as well
of fragments and peaks of stalks. In the case of herbs
stalks crushing the losses of material are within the normal
range, namely about 1 ... 1.3%.

To highlight the efficiency of crushing of plants was
pursued the dynamics of crushed plants drying compared
with those non-crushed, both for alfalfa and for herbs. It
was used the version of crusher with rollers with one of
the rollers rubberized compared with the crusher with
rotor with elastic claws, and the results are shown in the
graphs in Figure 5. and Fig. 6. It is found that after two
days of sun exposure, the crushed plants reach the
humidity of 25 ... 30%, and the uncrushed plants reach
the humidity of about 40% with great unevenness
between the side exposed to the sun and the swath
bottom. It has also found the insignificant influence of the
use of the crusher with rollers on the herbs from the
grasslands, because, due to the low level of crushing
(20%), the plants dry harder compared to those crushed
by the crusher with rotor with elastic claws carrying out an
adequate degree of crushing of 87%.

Based on results obtained at tests with experimental
models of forages crushing devices can be drawn the
following conclusions and recommendations:

- the crushers with rollers are suitable for the crushing of
brittle forages (alfalfa, clover) with little leafs that can be
easily detached under high mechanical action, producing a
corresponding crushing degree under the conditions of low
losses (fig. 5). Due to reduced aggressiveness on the
plants their use is not recommended for the crushing of
herbs from the grasslands, because the effects are
insignificant and the energy consumption is high.

- the crushers with rotor with elastic claws or with
articulated bars (fig. 6), due to high mechanical action on
the plants, are recommended for the crushing of herbs
from the grasslands, where they provide a suitable
crushing and defibering of plants, respectively 73 ... 87%,
under the conditions of relatively small losses. Use of
these crushers is not recommended for the crushing of
alfalfa or clover because of large losses that they produce
by splitting of little leafs, the breaking of the peaks or of the
stalks.

REFERENCES

[1]. Badanoiu B. (2004) - Researches concerning the
forage crushing equipment, PhD Thesis, University
Transilvania of Brasov, Romania;

[2]. Ciurel G., Voicu E. (2006) - Trailed windrover for forage
harvesting, Mechanization of Agriculture, Bucharest, No.5;

a7

INMATEH — ngicultuzal é_nM eeting

CONcCLuzIl

Analizand rezultatele din tabelele 5 si 6 obtinute la
Tncercari cu modelele experimentale de strivitoare pentru
furaje se constata urmatoarele:
1. Strivitoarele cu valfuri care se caracterizeaza printr-o
agresivitate redusa asupra plantelor, realizeaza un grad
de strivire corespunzator de 82...93% la strivit lucerna si
un grad de strivire mic (nesatisfacator) de 20%, la ierburi.
Pierderile de material se situeaza in limitele de 1...1,4% la
lucerna, iar la ierburi sunt nesemnificative avand valori
mai mici de 1%. Varianta de strivitor cu valturile metalice
nervurate au realizat pierderi mai mari decat variantele
cauciucate, dar se situeaza sub 1,5% conform cerintelor
agrotehnice impuse acestor tipuri de masini.
2. Strivitoarele cu rotor care se caracterizeaza printr-o
agresivitate mai mare asupra plantelor, realizeaza un
grad de strivire mare, de 99% la strivit lucerna, la ierburi
gradul de strivire fiind de 73...87%. Datorita actiunii
mecanice mari asupra plantelor, pierderile de material la
strivit lucerna sunt cuprinse ntre 5,7...8,0% (cu mult
peste limita de 1,5% admisa de cerintele agrotehnice) si
sunt constituite din frunzulite desprinse de pe tulpini precum
si din fragmente si varfuri de tulpini. In cazul strivirii
tulpinilor de ierburi pierderile de material se situeaza la
limite normale situandu-se n jurul valorii de 1...1,3%.

Pentru a scoate in evidenta eficienta strivirii plantelor
s-a urmarit dinamica uscarii plantelor strivite Tn
comparatie cu cele nestrivite, atat pentru lucerna cat si
pentru ierburi. S-a folosit varianta de strivitor cu valturi
cu unul din valturi cauciucat comparativ cu strivitorul cu
rotor cu gheare elastice, iar rezultatele sunt prezentate
in graficele din fig.5. si fig. 6. Se constata ca dupa doua
zile de expunere la soare, plantele strivite ajung la
umiditatea de 25...30%, iar plantele nestrivite ajung la
umiditatea de cca. 40% cu neuniformitate mare intre
partea expusa la soare si fundul brazdei. Se constata de
asemenea influenta nesemnificativa a folosirii strivitorului
cu valturi asupra ierburilor de pe pajisti, deoarece
datoritad gradului scazut de strivire (20%), plantele se
usuca mai greu in comparatie cu cele strivite de
strivitorul cu rotor cu gheare elastice care realizeaza un
grad de strivire corespunzator de 87%.

Pe baza rezultatelor obtinute la Tncercari cu modele
experimentale de dispozitive de strivit furaje se desprind
urmatoarele concluzii si recomandari:

- strivitoarele cu valfuri sunt recomandate pentru strivirea
furajelor fragile (lucerna, trifoi) cu frunzulite care se pot
desprinde ugor sub actiuni mecanice mari, realizand un
grad de strivire corespunzator in conditiile unor pierderi
reduse (fig. 5). Datorita agresivitatii reduse asupra plantelor
nu se recomanda utilizarea lor pentru strivirea ierburilor
de pe pajisti, intrucat efectele sunt nesemnificative iar
consumul energetic este mare.

- strivitoarele cu rotor cu gheare elastice sau cu bare
articulate (fig. 6) datorita actiunii mecanice mari asupra
plantelor, sunt recomandate pentru strivirea ierburilor de
pe pajisti, unde realizeaza o strivire si o defibrare
corespunzatoare a plantelor, respectiv 73...87%, Tn
conditiile unor pierderi relativ mici. Folosirea acestor
strivitoare nu se recomanda pentru strivirea lucernei sau
trifoiului datorita pierderilor mari pe care le produc prin
desprinderea frunzulitelor, ruperea varfurilor sau a
tulpinilor.
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REASONING ON PARAMETERS OF ROLLER WITH SPIRAL GROOQV E
OF FLAX PULLING MECHANISM

/
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Abstract: The design of the roller flax pulling mechanism
is proposed, in order to eliminate the shortcomings of
existing designs, and obtain dependence to justify its
basic structural and kinematic parameters. The
dependence of the change of stem moving along the
working area of the roller flax pulling mechanism is
obtained.

Keywords: flax, flax combine, roller flax pulling
mechanism, flax band, design, spiral groove,
parameters

INTRODUCTION

Flax harvesting units (flax combines, flax pullers)
preferably have the belt pulling mechanisms. Pulling
mechanisms in such design cause length of flax band,
which is the result of considerable nipping width of the
pulling sections. Belt pullers have a complex design and
drive, as well as significant dimensions.

Inventors and scientists proposed design of units for
the flax pullers [1-5], which work on different principles.
However, most design solutions for various reasons have
not been achieved. So, now the pressing issue is the
development of the design of the unit for the flax puller to
eliminate possible shortcomings of existing design,
provide high-quality implementation process of flax

pulling.

MATERIALS AND METHODS

Theoretical research is carried out using the methods
of theoretical mechanics, theory of mechanisms and
machines, mathematical modeling. Modeling of roller flax
pulling mechanism with spiral groove was performed
using software MathCAD.

RESULTS

For pulling of flax it is proposed to install the roller
flax pulling mechanisms on harvesting unit (flax
combine, flax pullers) (Fig. 1) [2]. Each pulling
mechanism contains a pair of rollers with rubberized
surface, one of which is made with spiral groove and
the other roller being smooth. Rollers have the
possibility to rotate towards one another in a direction
which is shown in Fig. 1. From the side, the entrance of
the stems into the gap between the rollers is equipped
with a conical tip. The horizontal axis of roller rotation is
parallel to the direction in which the roller unit is moving.
Rollers of adjacent sections are located between the
stem dividers. From dividers to the cross conveyor over
the rollers and along the conveyor, at two levels the
guide in the vertical plane is foreseen, which location
forms a channel to move stems in the unit.

While driving the puller in the field, the dividers share
the stems of flax and send them to the pulling sections of
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Pe3rome: 3anpornoHosaHo sarnbUbosull f1boHObpanbHUl
anapam, wo ycyeae HedosiKu ICHYIHYUX KOHCMPYKUid,
ma ompumaHi 3anexHocmi 0nsi obrpyHmyeaHHs1 (io20
KOHCMPYKMUBHUX |  KIHeMamu4yHux  rnapamempis.
OmpumaHo 3anexHicmb 3MiHU weudkocmi cmeben
83008 poboYOi 30HU B8arnbyb08020 JfIbOHOBPaIbHO20
anapama.

Knro4oei cnoea:. 5bOH, nbOHOKOMbalH, 6anbubosull
bpanbHUll  anapam, cmpidka JIbOHY, KOHCMPYKUis,
esuHmosuli nas, napamempu

NMEPEOYMOBA

JIboHO30MpanbHi arperatn (komMOanHW, NbOHOGPAaIKM)
nepeBaXHO MatoTb nacoBi GpanbHi anapaTu. AnapaTtu
TaKOl KOHCTPYKLii CNPUYMHAIOTL PO3TArHYTICTbL cTeben y
CTpiyli, WO 3yMOBMEHA 3HAYHOK LUMPUHOK 3axBaTy
OpanbHMX CEeKUi, a TakoX MaroTb CKNaaHY KOHCTPYKLHO i
npuBopa Ta 3Ha4Hi rabapuTHi po3mipu.

BuHaxigHnkamMm Ta  HayKoOBUSMW  3anpOMnOHOBaHi
KOHCTPYKUii  nboHOOpanbHux  anapatiB  [1-5], sKki
npauipoTs 3a pisHUM  npuHuMnoMm. OpHak GinbLiicTb
KOHCTPYKTMBHUX pilleHb He 6yno peanizoBaHo Ha
npaktuui. Tomy, y OaHUN Yac akTyanbHUM MUTaAHHAM €
po3pobKka KOHCTPYKUii OpanbHOro anapaTta, sika 6
[03BONUna YCyHyTU HeAOMIKN iCHYHUMX KOHCTPYKUiN Ta
3abe3neynna sikicHe BUKOHaHHS npoLiecy OpaHHs NMboHY.

MATEPIANU TA METOOUKU

TeopeTuyHi OocCrnigXeHHS I'PYHTYIOTbCS Ha
NOJNOXEHHAX TEOPETUYHOI MeXaHiku, Teopii MexaHi3MiB i
MaLlUMH, MaTeMaTU4HOro MoAaentoBaHHsA. MopentoBaHHsS
BanbLs 3 FBUHTOBMM MAa30M MPOBOAUIOCH 3a AOMOMOro
nporpamHoro 3a6esneyeHHst MathCAD.

PE3YIbLTATU

[Ons GpaHHA NbOHY MNPOMOHYETLCS Ha 30MpanbHOMy
arperaTi (kombaliH, NboHOOpanka) BCTAHOBMIOBATY BaslbLbOBi
OpanbHi anapatu (puc.l) [2]. KoxHa GpanbHa cekuis anaparta
MICTUTb Napy BarbLjB 3 MPOryMOBaHOI NMOBEPXHEH, OOVH 3
SKMX BUKOHAHO 3 IBUHTOBUM Na3oMm, a ApyrviA Baneub
BUKOHAHO rnagkMMm. Banbli BUMKOHaHI 3  MOXIMBICTIO
obepTaHHA Ha3ycTpiy OAMH OOHOMY B HanpsIMKy, L0
nokasaHo Ha puc.l. 3i CTOpoHM BxomxeHHs cteben y 3a3op
MK BanbLUAMU BOHU MarTb KOHYCOMOAiOHI HaKOHEYHWKW.
[opu3oHTanbHi  oCi  00epTaHHA BanbuiB  MapanesbHi
HanpsIMKy pyxy arperata. Banbui cycigHix 6panbHuMx cekuin
po3milleHi Mk noginbHukamu. Big noginbHWKiB g0
MonepeYyHoro TpaHCcmopTepa Ha BanbUsMW, a Takox
B3OBX TpaHcnopTepa nepenbaveHi cnpsiMoByBaYi Ha ABOX
PiBHSX Y BEPTUKAsbHIA MMOLLMHI, SIKi CBOIM PO3MILLEHHAM
YTBOPIOKOTb KaHan ans nepemilleHHs cteben anapaTtom.

Mig yac pyxy arperata nonem noAinbHUKN HaNpaBnsiioTh
ctebna y GpanbHi cekuii. Y cekuii ctebna HakoHeYHMKamm



Vol. 42, No. 1 /2014 INMATEH — Agricultutal Engineeting

the roller flax pulling mechanism. In the pulling section, CMNPSIMOBYIOTLCS Y 3a30p Mix BarnbLsamy. Ctebna nonagaroTs y
the stems are moved into the gaps between the rollers. rBUHTOBWIA Ma3 BamnbLs i B pe3ynbTaTi 06epTaHHs BanbLiB
Flax stems fall into spiral groove and as result of rotation Ha3yCTpiY OaWH OOHOMY BUTSNYIOTLCS 3 IPYHTY, MEPEMILLIAYMCH
of the rollers towards each other; they are extracted from O[HOYaACHO BBepX i B3OOBX BanbuUiB Yy HanpsMKy A0
the soil. The upper part of the stems moves through the nonepeyvHoro TpaHcrnopTepa. BepxHa yactuHa cTteben

channel formed by guides on two levels in the vertical pyxaeTbCcs KaHarnom, yTBopeHMM CrpsiMoByBayYamMun Ha ABOX
plane, eliminating the possibility of winding up on the PiBHSIX Y BEPTUKAmNbHIA NMOLLMHI, L0 YyCyBae MOXNUBICTb
working surface of the machine and damages. X HAMOTYBaHHs1 Ha pPoB0o4i MOBEPXHi | MOLLKOMKEHHS.

A\ N\ W A A AN
NS S S S VY

N N

11
3 10
4
N
7 6 2 1 5

Fig. 1 - Roller flax puller / Banbysosuti 6panbHull anapam
1 —roller with spiral groove / saneypb 3 2suHmosum na3om; 2 — smooth roller / enadkuli eaneyp; 3 — drive shaft / npueodHuli 8arn; 4 — casing / KOxyx; 5—
cone-shaped lugs / koHyconodi6bHi HakoHe4yHuku; 6 — dividers / nodinbHuku; 7 — brush / wimku; 8 — cross conveyor / monepeyHul mpaHcropmep; 9 — steering
plates / cnpsimosyroyi nnacmuHu; 10 — steering path / cnpsimosyroda dopixka; 11 — guides / cripsmosysaui

To take the flax stems with the roller pulling LLlo6 Binbynocs GpaHHsi cTeben nboHy BanbLbOBUM
mechanism of the proposed design without the formation GpanbHMM anapaTtom 3anponoHOBaHOI KOHCTPYKLii 6e3
of congestion in the working zone of rollers, they need to YTBOPEHHSI 3aTopiB y pobouii 30Hi BanbLUiB, HEOOXigHO
be moved along the working area of rollers faster than wob6 crtebna nepemiwanuca B3OOBX pPoOOYOI  30HM
puller moves through the field. The value of the angular BanbLUiB LIBKUALLE, HiX 30MpanbHUi arperat pyxaeTbcst
speed of rotation of rollers can be determined from the nonem. 3Ha4eHHs KyTOBOI LLBUAKOCTi 00epTaHHS BanbLiB

condition: MO>XHa BU3HaUYNTK 3 YMOBU:

wz=27NIp, (1)
where: V — the puller speed in the field, m/s; p — the ae: V — wBugkicTb nepeMilleHHss arperaTta nonem, mic;
step of the spiral groove of rollers, m. P — KpOK rBMHTOBOrO nasa BarnbLs, M.

The length of working zone of rollers in the pulling [oBxunHy pobo4oi 30HM BanbuUiB OpanbHOro anapata
mechanism must be taken with condition that: HeobXxigHO NpuMrUMaTH 3 YMOBM:

Imin SI < Imax’ (2)
where: | — the minimum length of the working area of pe: |, — MiHimanbHa [JOBXMHa poBoyoi 30HM BambLiB,
rollers that is needed to extract the stem root |, from the Wo HeobXiAHa ASA BUTATYBaHHSA 3 IPYHTY KOPEHS JIbOHY

_pg, _ pl :
soil (Fig. 2), | :p_¢1:p_ll' m; @, — the angle of poexuHoo |, (puc.2), | . = an _2_”1, M, @ — KkyT
™ 2m 2m
rotation for the roller at which the flax root will be NOBOPOTY BankUA 33 AKOTO 3 rPYHTY Byne BUTAMHYTO
extracted from the soil, rad.; r — radius of the roller, m; KOpiHb, pad.; I — papiyc Banbug, M; | — MakcumansHa
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|, — the maximum permissible length of the working
area of rollers, excess of which will cause buildup of soll
-b¢, _pl,

2m  2m
which the upper part of flax root reaches the axis of
rotation of the rollers, rad.; |, — the distance from the axis

of rotation of the rollers to the soil surface, m.

Analyzing the schemes of stems falling into the
spiral groove of rollers at different level of spiral groove
angle ¢ (Fig. 3), we can conclude that the most

favorable case for getting stem groove occurs when
¢ =0 rad. (Fig. 3 a), but in this case the transfer of

stems along the roller work area will not happen.
Increasing the angle value ¢ creates unfavorable

conditions for getting stems into spiral groove of rollers
(Fig. 3 b, c¢), and thus the stems are not nipped and do
not move along the work area to the cross conveyor
rollers.

Thus, the smaller the angle ¢ , the smaller the step p,

the more favorable conditions are created for the efficient
operation of the roller pulling mechanism. In case of the two
rollers with the same step of the spiral groove the angle
¢ is smaller in the roller with the bigger radius.

For an effective process of flax threshing in the flax
combine, the flax band needs to be stretched to
reduce its thickness. If we denote the thickness of the
bands formed after the pulling sections with rollers
having the spiral groove with constant step, through

h, and the band thickness which enables the efficient

on rollers, | , m; ¢, — roller angle at

max
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OOBXMHA poO0YOi 30HM BanbLiB, MNEPEBULLEHHST SIKOI
CMPUYUHATME HamnunaHHA YacTUHOK I'pYHTY Ha Barblyj,

P, _ pl,
=—%2=—2 M ¢, — KyT NOBOPOTYy BanbLs 3a

"2 2w
AKOro BepXHA YaCTWUHa KOpeHA [OocArHe piBHﬂ oCi

obepTaHHa BanbuiB, pad.; |2 — BigcTaHb Big oci
06epTaHHs BanbLiB 10 NOBEPXHi I'PYHTY, M.

AHanizytoun cxemy NoTpannsHHa creben y rBMHTOBMIA Na3
BanbLs 3a pi3HMX 3HA4YeHb KyTa NigMAOMY rBUHTOBOI MiHii
nasa {/ (puc.3), MOXHa NPUATU OO BUCHOBKY, LLO HanbinbLL

CNpUSTNNBMAA BMNAZOK Afsi NOTpannsiHHA cTebna y nas,
konn ¢ =0 pad. (puc.3 a), ane TOdi NepemileHHs

cTtebna B34OBX poOO04YOi 30HM BanbLiB He BioOyAeTbCs.
36inblIeHHsT 3HaYeHHs KyTa (J/ NpU3BOAUTL OO CTBOPEHHS

HeCnpusTAMBMX YMOB AN MoTpannsHHa cTteben vy
reuHTOBMIN Na3 (puc.3 b, ¢), ctebna He 3axonnTLCS i
He nepemillaTbCa y340BX poboyoi 30HM BanbuiB A0
nornepeyYyHoro TpaHcnopTepa.

UnM MeHWwuin kyT (¢ Ta Kpok P , MM 6inbw

cnpuaTnuBi ymMoBM AnNs edekTnBHOI poboTn GpanbHoro
anapata. Y [ABOX BanbUiB 3 OOHAKOBUM KPOKOM
rBUHTOBOrO Nasa KyT {/ Oyae MeHLWWUM y Banbus, pagiyc

SKoro GinbLuniA.

Ona  edekTmBHOro 0OOMONOTY CTPiYKM NbOHY B
MOSOTUIILHOMY MPUCTPOi KombarHa, HeobXigHO CTpiuKy
PO3TArHYTM ANs  3MEeHWeHHs ii  TOBWMHKU. AKWO
NO3HAYMTU TOBLUMHY CTpPiYKKM, LIO ccopMoBaHa nicns
OpanbHKX cekuii 3 BanbUsiMu, siki MalTb FTBUHTOBUIA Nas

3i cTanum Kpokom, Yepes h, a ToBLWWMHY CTpidku 3a AKoi

threshing is through hom, than the flax stretching BinOyBaeTbCsl ePeKkTUBHMI ii 0OMOMOT 4Yepes hom, Toni
coefficient will be: KoeilieHT po3TaryBaHHs CTpivku cknage:
k=hh,,. ®)
I’ /
) 0
A
A @@
L1 -
y O
N~~% ~ N ANAN ~ ~N N~
l i C

Fig. 2 - Model to determine the length of the working area of rollers /
PospaxyHkosa cxema 00 8U3Ha4YeHHs1 008XXUHU poboYyoi 30HU 8arbuie

Y

at

a)

___%_ %y% -3

b)

-

c)

Fig. 3 - Model of flax stems position in spiral groove of roller / Cxema po3miwieHHs cmebria f1bOHy y 28UHMOBOMY a3y 8arnbUus:
a — angle of climb spiral / kym nidliomy eguHmoeoi niirii, y =0 rad / pad;

b, ¢ —angle of climb spiral / kym niddomy 2eurmosoi niii, ¢ >0 rad / pad
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If the speed of the flax stem movement along the
rollers with steady step of the spiral groove is V,, and

thus the band thickness h is formed, then to stretch the
band, its speed on the following transport mechanisms
(cross conveyor, clamping belt) should be increased by k
times:

\Y

opt

where: V — the stretching speed of flax band by k

times of the initial value, m/s.

Stretching the band should not be done on the
transporting mechanisms but at the stage of pulling of
flax stems. This is because stretching of band after
pulling of stems from all the sections into a single flow
will lead to breakage of the seed capsules because the
flax inflorescence of the stems are tightly linked to each
other.

The growth of movement speed of the stems in the
pulling sections can be achieved either by increasing the
value of the angular speed of roller rotation, or by
increasing the spiral groove step. Growth of angular
speed of rollers can make the pulling of stems from the
soil less efficient and damage them. Increasing the step
value also affects the nipping of the stems into pulling
sections.

The change in stem speed to value VOpl may be
ensured by installation of rollers with variable step of the
of spiral groove into the pulling sections. Step size should
increase from the initial value p, , which will provide
favorable conditions for entering the stems into the spiral
groove and nipping, till the final value p,, through which

the necessary stem speed value is achieved V,, .

We use the dependence to determine the change of
the stem movement speed along the working area of the
roller pulling mechanism:

=kV,

INMATEH — v4¢ziculta:al é_nﬂ eeting

Ao WBMAKICTb NepeMilleHHs1 cTebGen NboHy B3O0BX
BanbLiB, SKi MalTb CTanui KpOK TBUHTOBOrO nasa,

cknagae V, i npu UboMy hOpMYyeETLCSA CTPiYKa TOBLLMHOLO

h , Togi ona posTtaryBaHHs CTpiukM Ti WBMAKICTL Ha
HaCTYyMHUX MeXaHi3amax (nonepeyvyHuin Ta 3aTUCKHWUN
TpaHcnopTtepu) HeobxigHo 36inbwmnTn y K pasis, To6TO:

(4)

0

ne: VopI — WBMAKICTb CTPIYKM 3a SAKkoi BiabyBaeTbcs ii

poaTtaryBaHHs y K pasiB Big No4aTKOBOro 3Ha4YeHHs1, M/c.

PoaTaryBaHHA CTpiYkM OOUiNIbHO MNPOBOAMTM He Ha
TpaHcnopTepax nicnsi GpanbHOro anapata, a Ha etani
OpaHHs cTeben. Lle NosICHIETLCS TUM, L0 PO3TAryBaHHS
CTpiukM nicnsa o6’egHaHHs NOTOKY cTeben 3 ycix cekuin B
€4MHY CTpiYKy npu3BOAUTUME [0 OOpMBY HaCIHHEBUX
KOPOOOYOK, OCKINIbKM Yy CCHOPMOBaHI CTpiyLli BEpXiBKOBI
YyacTUHKM cTeben MiLHO 34enneHi Mixk coboto.

3poCTaHHs  WBWMAKOCTI  nepemilleHHs cTteben vy
OpanbHMX CeKUiiX MOXHa [OOCArHYTU  36inblUeHHAM
KyTOBOI LUBMAKOCTI BanbLiB abo 36inbLUeHHAM KpPOKY
rBMHTOBOrO Nasa BanbLiB. 3pOCTaHHSA KyTOBOI LUBUAKOCTI
MOXe MpU3BECTM [0 MOTPLIEHHS] YMOB BUTATYBaHHS
cteben 3 rpyHTy Ta iX NOLWKOMKEHHS. 36inNbLUEHHST KPOKY
TakoX noripwye yMOBM 3axonneHHs cteben Banbuamu,
TOOTO iX MoNagaHHsA y rBMHTOBMI Na3 BarsbLiB.

3abesneunTn 3miHy WBMAKOCTI cTeben OO 3HaYeHHs

\Y/ MOXHa 3a paxyHOK BCTaHOBJ1E€HHA BanbuiB 3i

opt
3MiHHMM KPOKOM IBUHTOBOrO nasa. Kpok rBMHTOBOro nasa
Mae 36ifbLuyBaTUCS Bif, NMOYATKOBOrO 3HAYeHHs P, , 3a
sikoro byne 3abesnedyeHo ymMoOBM AnNs nonafgaHHs cteben
y TBUHTOBUI Na3 i iX 3aXONMeHHs, A0 KiHLEBOro 3Ha4YeHHs
P, » 38 AKOro focAraTMMeTbCs WBMAKICTL cTeben V.
Bukopuctaemo  3anexHicTb  Ans onucy  3MiHu

LWBMAKOCTI cTeben B3OOBX POGOYOI 30HM BambLbOBOIO
GpansHoro anapara:

Vc (¢) :Vo + (Vopt _Vo)¢£ ) (%)
dz _ _ e
v =vfae k.04, ®

where: ¢ — the angle of rotation of the roller with spiral
groove (where ¢ =at), rad.; t - time, s; @, — the angle

of rotation of the roller with spiral groove at which the

stem reaches the end of the working area of rollers, rad.
The equations of the curve that describes in the system

of coordinates Xy:z the spiral groove of the roller with

variable step (Fig. 4 a, b), have the form:

X(t) = rcosgut);
y(t) = rsin(at);

z(t) = Vot(1+ Kpem =1

where: Ost<t,, =ﬂ; I' — the radius of the roller with
w

spiral groove, m.
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he: ¢ — KyT noBOpoOTY BanbLs 3 FBMHTOBMM Na3oMm (ae
@=at), pad.; t - vac, ¢; @, — KyT NMOBOPOTY Banbls 3

rBMHTOBMM Na3oM 3a SKOro cTebno AocsirHe KiHusa podoyoi
30HM BanbLUiB, pad.
PiBHAHHS KPMBOI, LLIO OMUCYE Y CUCTEMi KOOPAMHAT XYz

rBMHTOBMIW Na3 Banbus 3i 3MiHHUM Kkpokom (puc.4 a, b),
MaTUMyTb BUIMA4:

™

o
29, )

ne: Oststopt=ﬂ ; ' — papiyc Banbus 3 TBMHTOBUM
w

nasom, m.
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Speed and cross-clamping transporters of the flax
combine should be equal to V.

Initial speed of the stems in rollers should be equal to
the speed of the flax combine V, =V , and angular speed

of rollers should be calculated as:

w=

Taking into consideration the above, the favorable
conditions for pulling of stems and efficiency of the next
operations with the band will be ensured.

a)

21N,
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LLIBnakicTb NnonepeyHoro Ta 3aTMCKHOrO TPaHCMopTepiB
nboHOKOMBaMHa AoLirbHO NpuiMaTK piBHoK V.

MoyaTkoBY LUBMAKICTL NepeMilleHHst cTeben y BanbLsax
OOUINbHO NpUIUMaTK PiBHOK LUBWAOKOCTI NepeMilLleHHs
kombantHa V, =V , a KyToBy LIBMAKICTb OGepTaHHS

BanbLiB po3paxoByBaTH 3a 3aNexHiCTIO:

: 8)
P

3 BpaxyBaHHsIM BUKIageHoro OyayTe 3abesrneyeHi crnpusdTivBi
ymoBM Ans 6paHHa cteben Ta edekTUBHOrO NpoBedeHHs
HaACTYMHUX TEXHONOrYHUX onepaLii 3i CTPiYKOL.

|

-0.05
0.1

0.05
z. M

(105

b)

Fig. 4 - a) model of the spiral groove of roller / pospaxyHkoga cxema garnbus 3 28UHMOBUM Na3oM
(1 — spiral line / 2zsuHmosa niHist; 2 — spiral groove / esuHmosuli nas);
b) graphical dependence that describes the spiral groove of the roller with variable step in the system of coordinates xyz /
epacgbiyHa 3anexHicmb, WO onucye y cucmemMi KOopOUHam Xyz 28UHMosuUl nas 8asnbys 3i 3ViHHUM KPOKOM

(at/ mpu: r =0,05m; k=1,8; @, =7rad.; V,=1,39 m/s; & =54,5 rad./s)

CONCLUSIONS

The suggested construction of the roller flax pulling
mechanism can be installed on flax harvesting machine
(flax combine, flax puller). The obtained dependencies
can justify the parameters of the roller with the spiral
groove of the pulling mechanism in particular (the radius
of the roller with spiral groove r =0,05 m; the angle of
rotation of the roller with spiral groove at which the stem
reaches the end of the working area of rollers @, =7 rad.;
the angular speed of rotation of roller & =54,5 rad./s; the flax
stretching coefficient k =1,8), the equation of the curve
that describes the spiral groove of the roller with variable
step, and the dependence of the change of stem moving along
the working area of the roller flax pulling mechanism.
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BUCHOBKU

3anponoHoBaHO KOHCTPYKL0 BanbLbOBOro GpanbHOro
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THE INVESTIGATION OF THE PROCESS OF A SCREW CONVEYER SAFETY
DEVICE ACTUATION
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Abstract: The article presents the design of a safety
device with slipping and axial shifting regimes, which are
separated in time and are used in order to recondition the
working capacity of a conveyer. Also, power analysis of
the operation of a safety mechanism is conducted, which
gives the opportunity to estimate the change in the
moment of rotation of a driven half-clutch and a screw T
depending on the change in the angle of the relative
turning of half-clutches p. Based on the results of the

static experimental investigation of the safety device, it
was determined that the given static analytical
dependences can be used in the engineering design of
different standard sizes of a safety device.

Key words: screw conveyor, the safety device, half
clutch, torque, groove.

INTRODUCTION

Screw conveyers are widely used for moving loose
and lump materials in different production processes.
However, when transporting some materials, a screw
working body may jam, which can be caused by the
clearance between the surface of screw rotation and the
inner surface of a directing case.

In order to recondition the working capacity of a
conveyer it is necessary to shift the jammed edge of a
conveyer in the axial direction from the place of
contacting with the material and, after the removal of the
surcharge, the elements of the drive must provide the
initial state of the working body for transporting the
materials to the unloading area.

The principle of reversing a jammed body, which is
carried out with the help of planetary safety devices,
which secure the reverse rotation of a conveyer from a
nonessential angle of turn to a couple of complete
revolutions with further reconditioning of its initial state, is
known.

Moreover, it is possible to shift the jammed working
body of a screw with the help of ball safety clutches with
edgewise making of holes both at clutch release and at
clutch engagement [1, 2, 3, 4, 5, 6, 7, 8].

Having analyzed the available investigations, it can be
deduced that the main disadvantages of the existing
safety devices, which ensure the reversing of overloaded
working bodies, are their constructional and technological
complexity, material holding capacity and unreliability in
use. Also, they have considerable overall size and when
working, there can be great dynamical load due to the
significant inertia power of the slave holes of a drive and
a working body with the automatic reconditioning of its
initial state.

MATERIAL AND METHOD

In order to improve the effectiveness of the
functioning of conveyers in the extreme conditions of
their operation, the circuit of a safety device is
propounded (Fig. 1. a), which ensures the axial shift of
a screw in the direction opposite to the direction of the
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Pe3srome: B cmammi npedcmasrieHa KOHCMpYKUisi 3arobipkHO20
rpucmporo 3 po3dineHumu 8 Yaci pexxumamu 6yKcyeaHHs
ma 0cb08020 3MIWEHHS WHeka 0ns asmomMamuyHOZ0
8iOHOBMEHHs1 pobo4yo2o cmaHy KoHeeepa. Takox
nposedeHuli cunosulli aHania pobomu  3axUCHO20
mexaHiaMmy, skull 0ae 3mMo2y OUiHUMU 3MiHY KpPymHO20
MoMeHmYy ee0eHOI nismMy¢hmu i wHeka T 6i0 3MiHU Kyma
8iIOHOCHO20 rposepmaHHsi risMygpm p . BukoHaHi cmamuyHi

eKcriepuMeHmarbHi O0CiOXKeHHsT 3arobiXKHO20 rpPUCMpPoro,
3a pe3yribmamamu SIKUX 8CIMaHoB8/IeHO, WO pedcmasrieHi 8
cmammi  aHalimuyHi  3anexHocmi  Moxymb  6ymu
suKopucmaHi fpu [HXEHEePHOMY [POEKMy8aHHI PI3HUX
murnopo3mipig 3arnobixXHO20 MPUCMPOI0.

Knro4yoei cnoea: wHekosull mpaHcriopmep, 3arnobixHud
npucmpid, nismygbma, KpymHuli MOMeHM, KaHasKa.

NMEPEOYMOBA

BMHTOBI TPaHCMOPTEPY LUMPOKO BUKOPUCTOBYHOTH Mif, Yac
NEPEMILLIEHHSI CUMKX | KYCKOBMX Matepiania B PisHUX BUPOOHUUNX
npouecax. OgHak Mpu TPaHCMOPTYBaHHI MaTepiarniB MOXIUBI
3aKMMHIOBaHHA MBUHTOBOrO POBOYOro opraHy, ki BUHUKAKOTb
BHaCMIiAOK HasIBHOCTI 3a30py MiX NMoBepxHer obepTaHHs
LUIHEKa Ta BHYTPILUHBOK MOBEPXHEID HAMPAaBIISHOYOro KOXyXa.

Onsa BiIHOBMNEHHS npawuesgaTHOCTI KOHBeepa
HeobXigHO BiOBECTU B OCbOBOMY HampsiIMKy 3akiuMHeHe
pebpo WHeka Big KOHTakTy 3 Martepianom, i B
nofanbLlIoMy MiCNst 3HATTSI NEPEBAHTAXEHHS, eNlEMEHTU
npvBOA4Yy MNOBMHHI 3a0e3neYnT MoYaTKOBE MONOXKEHHS
pobo4oro opraHy Ansi TPaHCMOPTYBaHHs Martepiany B
30HY BUBAHTaXEHHS!.

BigomMun  npuHUMN  peBepcyBaHHA  3aKMMHEHOro
poboyoro opraHy, SIKMA 3OINCHIOETLCS 3a [OOMOMOrOH
nnaHeTapHMx 3anobixHWX NPUCTPOIB, WO 3abesnevytoTb
3BOPOTHE MPOBEPTaHHS LUHEKa Bid He3HA4YHOro KyTa
NMoOBOPOTY [0 [AEKiNbKOX MOBHUX OOEepTiB 3 HaCTyMnHWUM
BiIHOBMNEHHSIM MOYaTKOBOIO MOSIOXEHHS.

TaKoX MOXNMBUI CrociO OCLOBOIO BiABEAEHHS 3aKIMHEHOMO
rBUHTOBOTO POBOYOro OpraHy 3a [OMOMOrOK  KyTbKOBKX
3anobibkHMX MydT 3 NPOINIBHUM BUKOHAHHAM JTYHOK, SIK MpU
BUXOZi i3 3a4enrieHHs], TaK i Npu ix BxomkeHHi [1, 2, 3, 4,5, 6, 7, 8].

3 aHanisy Bigomux AocnigXeHb BUAHO, O OCHOBHUMM
Heponikamu  iCHyruMX  3anobikHMX — NpPUCTPOIB,  SIKi
3abe3neyyloTb peBEpCYBaHHS MepeBaHTaXeHUX pPobounx
OpraHiB € iX KOHCTPYKTMBHA Ta TEXHOMOriYyHa CKNagHicTb,
BENMKa MaTepianoMiCTKiCTb, HEHaZIMHICTL B pobOTi. Takox
BOHW MalTb 3HauHi rabaputHi po3mipu, a npu ix poboTi
BVHWKAOTb BENWKi AWHAMIYHI HaBaHTaXEHHs, BHAaCIiAoK
3HaYHMX cun iHepLii BedeHVX NaHoK npveogy Ta pobo4oro
opraHy 3 aBTOMaTU4HUM BiJHOBIIEHHSIM AOrO0 MOYaTKOBOIO
MOSOXEHHS.

MATEPIAI | METOOUKA

3 MeTol niaBULLEHHST ePeKTUBHOCTI OYHKLIIOHYBaHHS
TpaHCNopTepiB Yy eKCTpeMarnbHUX ymMoBax ekcnnyatauii
3anpornoHoBaHa cxema 3anobikHoro npucTtpow (puc.l,
a), Wo [03BonuTb 3abe3neyntn OCbOBEe BiABEOEHHS
WHeKa B HanpsiMKy MNPOTUMEXHOMY [0 HarnpsiMKy
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material transportation at the automatic reconditioning TPaAHCMOPTYBaHHA  MaTepiany npu  aBTOMATUYHOMY

of its working mode. BiJHOBMEHHI pO6OYOro cTaHy.
A
I'_ A-A
6 7 89 1011 1 Z2 3 4
&
5
|4
a)
i i
< !
\'\ "QQ
oy AN LG l
‘ > —
// </
< ~
~ ~
‘\> >
2777 /77
/| o

Q NN 7+7 J S /
= | [
NN N
‘ [

N e 43°

b)
Fig. 1 — The constructive scheme of the safety device (a) and the scheme of the reamer of the working surface (b) /
KoHcmpykmusHa cxema 3anobixxHo20 npucmporo (a) ma cxema po320pmku poboyoi mosepxHi eedy4oi nismycbmu (6)

o7

[ —

When the working body of a screw conveyer is [Mpy BUHVMKHEHHI 3aKMMHIOBaHHS POBOYOro OpraHy LLIHEKOBOTO
jammed, the driven half-coupling of the device stops and TpaHcrnopTepa BefdeHa niBMydTa 3anobiKHOro NpUCTPOIo
the driving one continues rotation. As a result, the main 3YMNUHSIETBECSA, @ BeAy4va nNpodoBxye obeptatuck. BHacnigok
unlinking of half-clutches takes place, in other words, LbOro BiAOYBa€ETLCA OCHOBHE PO3YENSIEHHs NiBMYdT, TOOTO
balls come out of holes with the value of J,. Then, the 30INCHIOETLCS BUXIA KynMbOK 3 JIYHOK Ha BenuyuHy J;. Hani

balls move along the inclined working grooves with 3 KyIbKN pyXatoTbCsl MO NOXMIMX POBOUMX KaHaBKax 3 KyTOM

slope angle on the head plane of a driving half-clutch and ~ Haxuny B Ha Topuesiii moBepxHi Beayqoi nNiBMYTH, i
thus, smooth and “soft” axial shift of a screw working TakMM YMHOM 3[OINCHIOETBCST MNaBHE «M'AKe» OCbOBE
body with the value of J§, takes place, which essentially BiABEAEHHs1 TBMHTOBOTO POOOYOro OpraHy Ha BenuuuHY

decreases the dynamic overloading of the drive of a  3330Py J,, WO CYTTEBO 3MEHLLYE AMHAMIYHE HABaHTaXeHHs
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screw conveyer. Due to the rotation of a driving half-
clutch, balls return to their initial state moving along
inclined reverse grooves with y slope angle on the head

plane of a driving half-clutch, in other words, smooth and
“soft” reconditioning of the working capacity of a screw
conveyer takes place.

Figure 2 shows the constructive scheme and the
general form of the working surface of the driving half-
clutch of a safety device [9].

INMATEH — Agricultutal Engineeting

Ha NpUBIA, LUHEKOBOrO TpaHcnopTepa. BHacninok obepTaHHA
Bedyyoi niBMydbTM KynbKM 3axofdATb Yy  MoYaTKoBe
MOSIOXKEHHS, PYXaloUnCh MpY LibOMY MO MOXMINX 3BOPOTHUX
KaHaBKax 3 KyTOM Haxurny y Ha TOpLEBil NOBEPXHi BeAyYOl

niBvydTy, TO6TO  BigOyBaETbCA  MNaBHe  «M'siKe»
BiHOBMEHHS poB0OYOro CTaHy LUIHEKOBOIO TPaHCNopTepa.

Ha puc. 2 306paxeHi KOHCTPyKTMBHa cxema Ta
3aranbHuin BUrNag4 poboyoi noBepxHi Bedyyoi NiBMydTH
3anobixHoro npuctpoto [9].

Fig. 2 - The constructive scheme (a) and the general form (b) of the working surface of the driving half-clutch of a safety device /
KoHcmpykmueHa cxema (a) ma 3azanbHuli euensad (6) poboyoi nosepxHi eedyyoi nisMyghmu 3arnobixHo20 npucmpor

In order to analyze the variations in the value of the
moment of rotation from turning the half-clutches of a
safety device at different stages of its actuation, power
calculation was conducted.

At the first stage, the linkage of the balls and the holes of
a driving half-clutch is to be considered (Fig. 1. b).

The initial 7,, and the maximum T, moment  of

1max

rotation is determined using the following formula (1):

Ona aHanisy 3MiHA BEnWYMHM KPYTHOrO MOMEHTY Bif
npoBepTaHHA MiBMyddT 3anobiXHOrO MPUCTPOI0 Ha Pi3HMX
eTanax crpautoBaHHs 3arnobiKHOTO MPUCTPOKD NpoBeAeHWI
CUINOBWI PO3PaxyHOK.

Ha nepwomy etani po3rmsHEMO 3ayenneHHst KyrnboK 3
nyHkamu Begydoi niBMyd v (puc. 1, 6).

Mpu ubomy noyaTkoBUA T, Ta MakcuManbHWn T,

Imax
KPYTHWI MOMEHT BM3Ha4aeTbcs 3a hopmynoto (1):

R,

To=T

max

r —h—tg¢\/r2—(r -h)*

@

\/rz =(r —h)2 +(r —h)tgg

where R - radius of balls disposition; ¢ — spring stiffness;
o, — preliminary spring pull; r — radius of a ball
h — maximum value of the movement of balls on the
surface of holes; ¢ - angle of friction.

At the second stage, when balls with a driven half-clutch
move along the inclined working groove of a driving half-
clutch, which causes the axial shift of an overloaded screw
(fig/ 1, b), the initial T,, and the maximum T,,.. moment of

max

rotation is determined using the following formula (2):

where x, - is the running value of a ball coming out from a

working groove.
At the third stage, when balls with a driven half-clutch move
along the inclined flat surfaces of a driving half-clutch

57

=T = cR(d, + h+x,)
20 2max tg(90° _,B_¢) '

e R - pagiyc posTalwyBaHHS KynbOK; C - J>XOPCTKICTb
NPY>XVHW; &, - nonepeHin HaTar MNpyxuHW, r - pagiyc
KynbKku; h - MakcMmanbHa BennyiMHa nepemMileHHs KyrnboK
Mo NOBEPXHi NYHOK; @ - KyT TepTS.

Ha gpyromy eTani, Npu KoMy Kyrbkv 3 BE4EHOI0 NIBMYJITOO
nepemilwaoTbCsa No noxwunii pobouin kaHaBui Begy4oil
niBMychTH, LLIO CMPUYUHSIE OCbOBE BiABEAEHHSI NEPEBAHTAXKEHOTO
wHeka (puc.l, 6), novatkoBun T, Ta MakcumanbHuii T,

KDYTHUI MOMEHT BU3HaYaeTbCA 3a 3anexHicTio (2):

max

@

ae x, - 6ixyya BenuuuHa BuXody Kynbkn 3 poboqoi

KaHaBKw.
Ha TpeTbomy eTani, npu SKOMY Kynbku 3 BeOEHOI
niBMydTOl0  NEepeMialoTbCss MO MOXMIUX  MAIOCKUX
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towards the holes in order to recondition the initial position of
the whole system (Fig. 1. b), the initial T,, and the maximum T,

moment of rotation are determined using the following
formula (3):

T,

30~ '3max

where x, . —running value of a ball entering a reverse

groove.

Fig. 3 shows the dependency of the change in the moment
of rotation of a driven half-clutch and a screw T on the
change of the angle of the relative turning of half-clutches
p , in static state in different angle positions of half-

clutches in one cycle of the actuation of a safety device.

INMATEH — Agricubtusal Engineering

MOBEPXHSAX Bedyyoi nNiBMydbTM B HaMPsSIMKy IyHOK Ans
BiHOBMEHHA MOYaTKOBOrO MONIOXEHHs1 BCiel cucTemu
(puc.1, 6), novaTkoBMIA T, Ta MakcumanbHun T,

3max
KPYTHWUI MOMEHT BU3HAYa€eTbCA 3a 3anexHicTio (3):

cR(d, + h-x,)
_ , 3
tg(90 - y+9¢) 3

ae x, - Oikyya BenuunMHa BxoAdYy KyMnbKW Yy 3BOPOTHY
KaHaBKy.

Ha puc. 3 npefctaBneHa 3anexHiCTb 3MiHW KPYTHOrO
MOMEHTY Beaydoi niBMydTH i WHeka T Big KyTa BifHOCHOIO
npoBepTaHHa MNiBMYy(T 0, B CTaHUYHOMY CTaHi Npu Pi3HUX
KyTOBUX  MOMOXEHHAX NIBMYAT MNpu  OOHOMY LKA
CrpaLtoBaHHsi 3anobiKHOro NPUCTPOIO.

Zone of the reverse movement of a screw /

30Ha 3BOPOTHHOTO PyXY IIHEKA

20
g deg / 2pad

Zone of alf-clutches coming
into their nitial state /
30Ha BXOMKEHHA MiBMY(T B
IMOYaTKOBE [OJI0KEHHS

7
—

Zone of the reconditioning of the

T Nim / H
757
Zone of the operatin condition of a clutch /
3oHa poGouoro pexxumy MyqpTH
Zone of the full shift of a screw /
30Ha IOBHOT'O BiBEJCHHS IIHEKA
651 N /
541
39—~ ---- ——-
Y 10 53
-76 | Zone of the smooth shift of half-clutches // __
‘ 30Ha MIaBHOTO BigaaneHHs miBMy (T
Tt it
Zone of the maximum shift of a screw /
30Ha MaKCHMAJILHOTO BIJIBEICHHS IITHEKA

working capacity of the conveyer /
3oHa BiIHOBJIEHHS pOOOYOr0 CTaHy KOHBeepa

Fig. 3. — Dependency of the change in the moment of rotation of a driven half-clutch and a screw T
on the change of the angle of the relative turning of half-clutches p/
3anexHicmb 3MiHU KpymHO20 MomeHmy eedy4oi niemyghmu i wHeka T 8i0 Kyma 8iOHOCHO20 rposepmaHHs riemychm p

In order to determine the pattern of the change in the
maximum moment of rotation at different stages of the
actuation of a safety device and, also, in order to
determine the adequacy of the theoretical calculations,
static experimental investigation was conducted.

For this reason the half-clutches of a safety device
were installed in the grips of a pilot machine KM-50-1.
The load of the driving half-clutch was performed with the
help of rotating the lower grip by an electric motor
through a gearing system. The value of the moment of
rotation was measured using a circular scale while the
relative deviation of the half-clutches was measured
using an angular scale. Furthermore, the machine is
equipped with a recording device, with the help of which
the curve of the dependence of the moment of rotation on
the angle of the lower grip turn was traced.

The general view of the test bed, in which a safety
device is installed, is shown in fig. 4.

58

3 MEeTOl BM3HAYEHHS XapakTepy 3MiHW MakCUMarbHOro
KPYyTHOTO MOMEHTY Ha Ppi3HMX eTanax CrpauoBaHHs
3anobipkHOro  MpPUCTPOID, @  TakoX  BCTaHOBIIEHHS
a4eKBaTHOCTI TEOPETUYHMX PO3PaxyHKiB MPOBEAEHO Woro
CTaTUYHI eKcriepuMeHTarbHi JOCNiIKEHHS.

Ons  uboro niBMycpTM  3anoBixkHOro  MpPUCTPOIO
3akpinnoBanu y 3axsaTtax gocnigHoi mawwunHn KM-50-1.
HaBaHTaxeHHs1 Begyyoi niBMydhTV 3dinNcHIOBanM 3a
[0MNOMOroio obepTaHHs HWKHBOTO 3axBaTy
eneKTPoABUIYHOM Yepe3 cucTemy nepegad. 3HayeHHs
KPYTHOrO MOMEHTY BU3Ha4anu 3a KonoBoO LIKanow, npu
LboMy, dikcyBanu BIiAHOCHe 3MilleHHs niBMydT 3a
[ONOMOrol0 KyTOBOI LUKanu. TakoX maluvMHa OcHalleHa
3aMuCyl4MM  MPUCTPOEM, 3@  AOMOMOIOK  SIKOro
BMKPECMIOETLCSI KpUBa 3anexHOCTi MOMEHTY BiA KyTa
NMOBOPOTY HWXHBOIO 3axBaTy.

3aranbHUin  BUMMSL  OaHOro  CTeHdy, Ha  SKoMmy
BCTAHOBIEHMWI 3anobixkHUIA NPUCTpIlA 306paxkeHo Ha puc. 4.
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il B
Fig. 4 - General view of the test bed, in which a safety device is installed /
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BaeanbHull suensd cmeHdy, Ha KoMy ecmaHogsieHul 3anobixHul npucmpit

In the process of experimentation, the value of the
moments of rotation depending on the angle of the turning
of a driving half-clutch was measured in a tenfold trial.

RESULTS AND DISCUSSION

Based on the results of the investigation conducted, it
was determined that the uncoupling of half-clutches took
place at the maximum moment of rotation, which greatly
decreased when the balls were coming out of holes onto
the inclined working grooves of a driving half-clutch. During
the movement of the balls along the working grooves,
there is no significant increase in the moment of rotation.
In case of the movement of the balls along the inclined
reverse grooves the antimoment arises, but its value does
not exceed the moment of the actuation of a safety device.

Fig. 5 shows the results of theoretical (solid line) and
experimental (dashed line) investigation.

The analysis of the graphical dependence shows that the
error between the results of the theoretical investigation
and the experimental investigation ranges from 3.5 ...19.1%.

Thus, based on the results of the comparative studies, it
was determined that previously deduced analytical
dependences (1), (2) and (3) for measuring the moment of
rotation, transmitted by a safety device, adequately depict
the real processes of the actuation of the designed safety
mechanism. That is why the analytical dependences can
be used in the engineering design of different standard
sizes of a safety device.

Mpn npoBedeHHi [ocnigXeHb ikcyBanu 3HaYeHHs
KPYTHMX MOMEHTIB B 3aNexHOCTi Big KyTa MpoBepTaHHS
BeAy4yoi NiBMYOTW B AECATUKPATHIN NOBTOPIOBAHOCTI.

PE3YIIbLTATU

3a pesynbTatamu JocnigXeHb BCTaHOBMNEHO, LWO
po34yenneHHs nisMygT BiabyBanocb npu
MaKCMManbHOMY KPYTHOMY MOMEHTi, SKWIA 3HA4HO

3MEHLWYETbCA NpU BUXOAI KynbOK Ha noxusi poboui
KaHaBkM Befgy4oi niBMydpTu. lig yac pyxy Kynbok Mo
po6ounMx KaHaBkax KPYTHUMA MOMEHT 3pocTae He
CYTTEBO. Y BMMNAAKY PyXy KYnbOK MO MOXWUNMUX 3BOPOTHUX
KaHaBKaxX BUHUKAE NPOTUMOMEHT, OAHAK NOro 3Ha4YeHHs
HEe nepeBuLLYE MOMEHT crnpautoBaHHA 3anobikHoro
NpUCTPOIO.

Ha pvic. 5 npeacraeneHi pesynbTaTi TEOPETUYHMX (CyLinbHa
NiHis1) | ekCnepuUMeHTanbHKX (LUTPMXOBA fiHisl) AOCTiMKEHD.

3 aHanizy gaHux rpagiyHMx 3anexHoCTel BUMAHO, WO
noxubka Mk pesyrnbtataTv TEOPETUHHUX i EKCNIEPUMEHTAITBHIX
nocnigkeHb 3HaxoanTbesa B Mexax 3,5...19,1%.

Takum YHOM, 3a pesyrnbTaTaMu NOPIBHANBHUX AOCHIMKEHb
BCTaHOBIIEHO, LLO MonepeaHL0 BUBEAEH aHariTuyHi 3arnexHoCTi
(1), (2) i (3) AN BU3HAYEHHS KPYTHOrO MOMEHTY, SKWN
nepeaae 3anobikHWMIA NPUCTPINA, afekBaTHO BigoGpaXkatoTb
pearnbHi Npouecy cnpawtoBaHHA pPO3po0eHoro 3anobixkHOro
MexaHiamy. Tomy pfaHi aHaniTM4Hi 3anexHOCTi MOXYTb
OyTV BMKOPWUCTaHI NP iHXEHEPHOMY MPOEKTYBaHHI Pi3HUX
TUNOPO3MIpiB 3anobiXXHOro NPUCTPOL.

T Nm/Hm \ \ [
D=115 mm /mm
7 d=12 mm / mm
=477 |
60 R c=18,5 N\mm / H/mm
\ g,=15 mm / mm
s 0
\\\ p=5°
w } =35
\
4 ‘\
D e e R D . - A
g 7z‘7 2‘0 0 40 5z‘7 5‘0 TP 0o/ 2000
—75 l | ‘ ~

Fig. 5 - Graphical dependency of the change in the moment of rotation of a driven half-clutch and a screw on the change of the angle of
the relative turning of half-clutches / I'pagbiyna 3anexHicmp 3MiHU KpymHO20 MOMeHmMY 3arobixkHO20 MpUCMPOro 8i0 3MIHU Kyma
8iOHOCHO20 MposepmaHHs1 nisMygm
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CONCLUSIONS

On the basis of the conducted patent survey and
having analyzed the existing constructive and
technological schemes of the safety devices of screw
conveyers, a new construction of a safety device is
propounded. The construction allows reducing the
dynamic load of the drive, which greatly increases the
longevity and improves the operational reliability of screw
conveyers. Moreover, power analysis of the operation of
a safety mechanism is conducted, which gives the
opportunity to estimate the change in the moment of
rotation of a driven half-clutch and a screw T depending
on the change in the angle of the relative turning of half-
clutches p . Based on the results of the static

experimental investigation of the safety device, it was
determined that the error between the results of the
theoretical investigation and the experimental investigation
ranges from 3.5 ...19.1%. That is why the given static
analytical dependences can be used in the engineering
design of different standard sizes of a safety device.
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BUCHOBKHU

Ha ocHoBi npoBegeHoOro naTeHTHOro ornsgy, Ta
aHanisy iCHyl4YMX KOHCTPYKTUBHO-TEXHOMOMYHUX CXEM
3aXUCHUX npucTpoiB rBUHTOBUX KOHBeEEPIB
3arMponoHOBAaHO  HOBY  KOHCTPYKUit0  3anobiXkHoro
NPUCTPOIO, fKa A03BONSAE CYTTEBO 3MEHLUMTU AWHaMIYHi
HaBaHTaXeHHs Ha npuBig, WO 3Ha4yHO MNigBuLLYyE
JOBrOBIYHICTb Ta  eKkcnryaTauilHi  XapaKTepuCTUKK
LUHEKOBUX TpaHcrnopTepiB. TakoX NpoBedeHur CUNOoBUN
aHanisa poboTn 3anobixkHOro MexaHiaMy, kUi Jae 3Mory
OUIHUTU 3MiHY KPYTHOro MOMEHTY BeAeHOi niBMydTh i
WwHeka T Big 3MiHM KyTa BIAHOCHOrO MpPOBEPTaHHS
nisMydT o . BukoHaHi cTaTuU4Hi ekcnepuMeHTanbHi

AOCMifKEHHA 3anobiXXHOro MpUCTPOIO, 3a pesynbTaTtamm
SIKMX BCTaHOBMEHO, WO noxubka Mix pesynbTaraTu
TEOPETUYHUX |  eKCnepuMeHTanbHUX  JOChiMKEHb
3HaxoanTbcsa B Mexax 3,5...19,1%. Tomy npencrtaeneHi
B CTaTTi aHaniTu4Hi  3anexHocTi MoXyTb  OyTu
BUKOPWUCTaHI Mpu iHXEHEePHOMY MNPOEKTYBaHHI pPi3HNX
TMNOPO3MipiB 3anobi>KHOro NPUCTPOIO.
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Abstract: Researches whose results are presented in this
paper are on the topic of optimizing the dosing and
sacking process in small and medium capacity productive
units.

Using automatic weighing and dosing methods and
technologies in small and medium capacity productive
units brings an increased economic efficiency, leading to
increased quantity of bagged products and weighing
accuracy.

The technological equipment for weighing and
automated management EWAM, developed at INMA
Bucharest has a direct applicability in small and medium
capacity milling units in the technological processes of
packaging of finished products (flour and bran) in open
bags, performing simultaneously two very important
operations: automated bag weighing of the programmed
quantity of product with a precision that fits within the
prescribed limits and automated management of the
guantities of sacked finished products on an indefinite
period of time.

In this paper there are presented the experimental
investigations for this equipment, work quality indices
determined with highlighting the advantages of using the
product in the flow of small and medium capacity milling
units.

Keywords: weighing, dosing, automated management,
dosing auger, PLC

INTRODUCTION

The field of systems and equipment for weighing,
dosing and packaging agrifood products is one of the
fields with a high economic impact in Romania (especially
in the last years), but also in the industrially developed
countries [2, 5].

Weighing, dosing and automated management are
processes that eliminate, totally or partially, human
intervention in the actual operations. Modern weighing,
dosing and automated sacking devices represent
ingenious technical solutions that comprise fields from
both the mechanics and electronics, being characterized
by a high precision and sensitivity [3].

Usually, operations involving direct action on the
processed material are exclusively done by mechanical
mechanisms or components, but also the command and
dosage adjustment operations are frequently done by
mechanical systems, the electronic systems having a
surveillance and fine adjustment role [1].

Technological operations of weighing and dosing are
not independent in the manufacturing process of products,
but are integrated into various technological processes, so
that the result of the operation does not emerge
distinctively, but cumulated in the resulted final product,
and as a result, the quality of the dosage/weighing directly
influencing the quality of the final product [4].
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Rezumat: Cercetdrile ale cdror rezultate sunt prezentate
Tn acest articol au ca subiect optimizarea procesului de
dozare si ambalare in saci in unitafile productive de mica
si medie capacitate.

Utilizarea metodelor si tehnologiilor de céantarire gi
dozare automata in unitafile productive de mica si medie
capacitate aduce cu sine o cregtere a eficienfei economice
a acestora, conducand la cregterea cantitdfii produselor
ambalate Tn saci si a preciziei de cantdrire.

Echipamentul tehnologic pentru cantérire si gestionare
automatd ECGA conceput la INMA Bucuresti are
aplicativitate directd Tn cadrul unitdfilor de mordrit de
micd si  medie capacitate Tn cadrul proceselor
tehnologice de ambalare in saci deschisi a produselor
finite (fdind si tdrdfd) unde realizeazd simultan doud
operafii foarte importante: cantdrirea automatd in saci a
cantitafii de produs programatd cu o precizie care sé se
incadreze Tn anumite limite prescrise §i gestionarea
automatd a cantitdfilor de produse finite ambalate n saci
pe perioade nedeterminate.

In aceastd lucrare sunt prezentate investigafiile
experimentale ale acestui echipament, indicii calitativi de
lucru determinafi cu evidenfierea avantajelor utilizarii
acestuia n fluxul unitdfilor de mordrit de mica si medie
capacitate.

Cuvinte cheie : céntdrire, dozare, gestionare automatd,
melc dozare, PLC

INTRODUCERE

Domeniul sistemelor si echipamentelor de céantarire,
dozare si ambalare pentru produsele agroalimentare este
unul din domeniile de mare impact economic in Roménia
(mai ales n ultimii ani), dar si in tarile dezvoltate din punct
de vedere industrial [2, 5].

Cantarirea, dozarea si gestionarea automata sunt
procese prin care se elimina total sau partial interventia
umana din operatiile propriu-zise. Dispozitivele moderne
de cantarire, dozare si Tnsacuire automata sunt solutii
tehnice ingenioase ce cuprind domenii atat din mecanica
cét si din electronica fiind caracterizate printr-o precizie si
sensibilitate Tnalta [3].

De regula, operatile ce presupun actiunea directa
asupra materialului  prelucrat sunt efectuate 1n
exclusivitate de mecanisme sau componente mecanice,
insa si operatile de comanda si reglaj al dozarii sunt
efectuate de multe ori de sisteme mecanice, cele
electronice avand rolul de supraveghere si reglaj fin [1].

Operatiile tehnologice de céntarire gi dozare nu
sunt independente in procesul de fabricatie al produselor,
ci se integreaza Tn procese tehnologice diverse, astfel
incat rezultatul operatiei nu apare distinct, ci cumulat
in produsul final rezultat, iar ca urmare, calitatea
dozarii / cantaririi influentand direct calitatea produsului
final [4].
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According to the most modern equipment in the field
and encompassing innovative constructive solutions, the
technological equipment for weighing and automated
management EWAM (fig. 1), developed at INMA
Bucharest has a direct applicability in small and medium
capacity milling units in the technological processes of
packaging finished products in open bags, performing two
very important operations:

- automated bag weighing of the programmed quantity
of product with a precision that fits within the
prescribed limits;

- automated management of the quantities of sacked
finished products on an indefinite period of time.

The equipment can also be successfully integrated in
the technological flows of units producing concentrated
fodder or in other specific units that practice packaging
granular or powdered product in bags.

INMATEH — Agricultutal Engineeting

Aliniat celor mai moderne utilaje din domeniu si
inglobénd solutii constructive inovatoare, echipamentul
tehnologic pentru cantérire si gestionare automatd ECGA
(fig.1) conceput la INMA Bucuresti, are aplicativitate
directd in cadrul unitatilor de morarit de mica si medie
capacitate in cadrul proceselor tehnologice de ambalare
in saci deschisi a produselor finite unde realizeaza doua
operatii foarte importante:

- cantarirea automata in saci a cantitatii de produs
programata cu o precizie care sa se Tncadreze in
anumite limite prescrise;

- gestionarea automata a cantitatilor de produse finite
ambalate in saci pe perioade nedeterminate.

Echipamentul se poate integra cu succes si in fluxurile
tehnologice din unitatile pentru obtinerea nutreturilor
concentrate sau alte unitati specifice care practica
ambalarea produselor granulare sau pulverulente in saci.

Fig. 1. — Equipment for weighing and automated management— EWAM - Overview /

Echipament pentru cantdrire si gestionare automatd ECGA - vedere generald

MATERIAL AND METHOD

In figure 2 is presented the constructive scheme for
technological equipment for weighing and automated
management EWAM.

MATERIAL S| METODA

In figura 2 este prezentatd schema constructivd a

echipamentului tehnologic pentru cantérire si gestionare
automatd ECGA.
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Fig.2 - Constructive scheme for the Technological Equipment for Weighing and Automated Management EWAM / Schema constructiva
a Echipamentului tehnologic pentru cantérire si gestionare automatd ECGA
1. Support frame / Cadru suport; 2- Dosing group / Grup dozare; 3- Gearmotor holder 1 / Suport motoreductor 1; 4- Gearmotor holder 2
/ Suport motoreductor 2; 5- Filling spout / Guréd de sac; 6- Bag fixing strap / Chinga fixare sac ; 7- Bunker / Buncar; 8- Gearmotor 1/
Motoreductor 1; 9- Gearmotor 2/ Motoreductor 2; 10- Tensometric dose / Doz& tensometricd

The dosing group (fig. 3) is the subassembly that Grupul dozare (fig. 3) este subansamblul care
performs the dosage of products that will be sacked. The realizeaza dozarea produselor ce urmeaza a fi Tnsacuite.
augers (pos. 2, 3) are mounted in the framework (pos. 1) Melcii (poz. 2, ) se monteaza Tn carcasa (poz.1l) prin
through some bearings with oscillating ball bearings that intermediul unor lagare cu rulmenti oscilanti care asigura
ensure a good sealing against any type of dust. 0 buna etansare impotriva prafului de orice natura.

5
/ . F
2250
A -
2264 5
Fig. 3 - Constructive scheme for the Dosing group / Schema constructiva a Grupului de dozare
1- Framework / Carcasd; 2- Auger for coarse dosing / Melc dozare grosiera ; 3- Auger for fine dosing / Melc dozare fing;
4- Evacuation 1 / Gura evacuare 1; 5- Evacuation 2 / Gura evacuare 2; 6- Flap / Clapeta
The command and control of the dosing operations, Comanda, controlul operatiilor de dozare, cantarire si
weighing and recording the work parameters is made by Tnregistrare a parametrilor de lucru se realizeaza de catre
the automation installation. instalatia de automatizare.
In figure 4, the block scheme for the automation In figura 4 este prezentatd schema bloc a instalatiei de
installation is presented. automatizare.
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Fig. 4 - Block scheme for the automation installation /
Schema bloc a instalafiei de automatizare

The software component of EWAM is formed by two
independent programs installed on the operating terminal
and on the installation’s PLC.

The program loaded on the operating terminal acts as
a graphic interface for the user and was developed with
the GT Designer 3 graphic programming software. This
program has three visualizing windows: Start Page,
Parameter Settings and Weighing.

In the Settings Page the work parameters of EWAM
are established and management data are visualized:
number of bags and the quantity of sacked material on
each working station.

Componenta software a ECGA este formata din doua
programe interdependente instalate pe Terminalul de
operare si pe PLC-ul instalatiei.

Programul incarcat pe terminalul de operare are rolul
de interfatad grafica cu utilizatorul si a fost dezvoltat sub
mediul de programare graficda GT Designer 3. Acest
program este alcatuit din trei ferestre de vizualizare:
Pagina Start, Setare Parametri gi Cantarire.

Tn pagina de Setari se stabilesc parametrii de lucru ai
ECGA si se vizualizeaza datele de gestiune: numar de
saci si cantitatea de material insacuita pe fiecare post de
lucru in parte.
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Fig. 5 - Parameter Settings Page / Pagina de Setare Parametri
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The program loaded in the PLC of the automation
installation is developed with the GXDEveloper software
program, being structured in the form of logic instructions
presented as a ladder diagram, and the transmission of
signals to and from the PLC is made both analogically
and digitally.

The weighing and automated management equipment
has the following constructive and functional characteristics:

- overall dimensions, mm:

without bunker with bunker
- length 1300 1640
- width 560 1200
- height 1739 3000
- dosing auger speed, rot/min 60...560
- coarse dosing auger gearmotor drive
power, kw 0.75
- fine dosing auger gearmotor drive power,
kw 0.37
- productivity, no. bags /min 3-4
- weighing precision, % o1
- dosed quantity, kg 15 -60

The testing of the EWAM equipment was made at
INMA, in laboratory and exploiting conditions, using its
own experimental methods, carrying out the following
activities: preliminary checks, initial technical expertise,
experimenting operating without load, calibrating the
weighing system, checking the functioning of the
automation installation in simulated mode, experimenting
operating under load.

For the experiments in working conditions, two types of
combined fodder and 650 type flour were used. The
active power consumed by every motor was determined
using the following relation:

INMATEH — ngkultuml é_nM eeting

Programul incarcat in PLC-ul instalatiei de
automatizare este dezvoltat sub mediul de programare
GXDEveloper, fiind structurat sub forma de instructiuni
logice prezentate ca diagrama ladder, iar transmiterea
semnalelor la si de la PLC se face atat analogic cat si
digital.

Echipamentul pentru céntarire si gestionare automata
are urmatoarele caracteristici constructive si functionale:

- dimensiuni de gabarit, mm

fara buncar cu buncar
- lungime 1300 1640
- latime 560 1200
- Tnaltime 1739 3000
- turatia melcilor de dozare, rot/min 60...560
- putere motoreductor actionare melc
dozare grosiera, kw 0,75
- putere motoreductor actionare melc
dozare fina, kw 0,37
- productivitatea, nr. saci/min 3-4
- precizia de céantarire, % * 0,1
- cantitatea dozata, kg 15 - 60

Tncercarea modelului experimental al echipamentului
ECGA s-a realizat in cadrul INMA n conditii de laborator
si de exploatare, utilizind o metodica de experimentare
proprie fiind efectuate urmatoarele tipuri de activitati:
verificari preliminare, expertiza tehnica initiala, experimentari
de functionare Tn gol; calibrarea sistemului de cantarire,
verificarea functionarii instalatiei de automatizare in
regim simulat, experimentari de functionare in sarcina.

Pentru experimentari in conditii de exploatare s-au
folosit ca materie prima doua tipuri de nutret combinat gi
faina de gréu tip 650. Puterea activa consumata de
fiecare motor s-a determinat cu relatia:

P=v3U"I"cosp. )

where:

P - active power consumed;

U - tension of electric power;

| - intensity of electric power;

cosp — power factor for the electric motor ( can be

read on motor label).

The total consumed power will be calculated summing
the active electric powers for each motor and the power
of the stabilized tension source inside the electric control
panel.

The weighing precision was determined with the
relation [4]:

unde:
P - puterea activa consumata
U - tensiunea curentului electric
| - intensitatea curentului electric
cosp — factorul de putere al motorului electric (se
citeste de pe eticheta motorului ).

Puterea totala activa consumata se va calcula prin
nsumarea puterilor electrice active calculate pentru
fiecare motor in parte si a puterii sursei stabilizate de
tensiune din interiorul panoului electric de control.

Precizia de céantarire s-a determinat cu urmatoarea
relatie [4]:

P =[(m.—my¥m,] % )
where: unde:
P - weighing precision (deviation from the P - precizia de céantarire (abaterea fata de valoarea
programmed value); programata);
m; — product quantity introduced in the bag m. — cantitatea de produs introdusa in sac

determined by weighing;
mp — product quantity programmed and recorded
in the system.

RESULTS

The results obtained after testing the equipment in
operating conditions are shown in table 1 and 2 and and
their grafic representation in figures 6 and 7 .

determinata prin cantarire;
mp — cantitatea de produs programata si inregistrata
de sistem.

REZULTATE

Rezultatele obtinute Tn urma incercarilor in conditii d e
exploatare a echipamentului sunt trecute Tn tabelele 1 si
2, iar reprezentarea lor grafica in figurile 6 si 7.
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Operating indices /

Indicii de exploatare

INMATEH — Agricubtusal Engineering

Table 1/ Tabelul 1

MOt_OI’ Auger
Meag fl’leoaudé?]% Noise speed | Tension | Power | Tension |
AR = N Y Zgomot Turafie |Tensiune| Curent | Tensiune Pposti | Ppostii
Msac recvenfa . Curent
| alimentare A melci Ui I Uy L W) | W)
(pkgg) motoare (db) n ) (A) V)
(Hz) (rot/min)
Augery/MelcM 5 64 54.7 35 2.8 35 2.6| 137.32|127.51
. Augern/Melcn, 51.3 34 1.36 34.8 1.26| 61.59| 58.40
Without
load / Augery/MelcM 10 67.2 138.2 55 2.34 55.3 2.35| 180.34| 182.10
Mzrjl'“ Augerm/Melcn ' 105.3 55 1.32 55.3 1.32| 96.710| 97.237
Augery/MelcM 15 69.1 170.4 75 2.36 75 2.37| 248.03| 249.08
Augern/Melcn, ' 167.4 75 1.34 75 1.33| 133.87| 132.87
Augery/MelcM 5 65.7 54.9 35 2.8 35 2.6| 137.32|127.51
Augern/Melcn, ' 51.3 34 1.36 34.8 1.26f 61.59| 58.40
Augery/MelcM 138 55 2.34 55.3 2.35| 180.34| 182.10
25 10 69.4
Augern/Melcn, 105.6 55 1.32 55.3 1.32( 96.710| 97.23
Augery/MelcM 15 701 170.6 75 2.36 75 2.37| 248.03| 249.08
With Augern/Melcn, ' 167.3 75 1.34 75 1.33| 133.87| 132.87
[
load / Augery/MelcM 5 65.2 54.5 34 2.34 34 2.33| 111.48|111.01
Mersin | Auger/Melcn ' 51.2 34 1.34 34 1.39| 60.69| 62.95
sarcind
Augery/MelcM 138.2 54 2.4 55 2.4| 181.60( 184.97
30 10 67.8
Augern/Melcn, 105.6 54 1.33 55 1.33| 95.67| 97.44
Augery/MelcM 15 69.5 170.3 74 2.37 74 2.37| 245.76| 245.76
Augern/Melcn, ' 167.1 74 1.33 74 1.33| 131.10| 131.10
Augery/MelcM 54.8 34 2.8 34 2.8| 133.40|133.40
35 5 65.2
Augern/Melcn, 51.2 34 1.37 34 1.37| 62.04| 62.04

Auger v —big auger (coarse dosing auger) / Melcy —melc mare (melc dozare grosiera )

Melc, —small auger (fine dosing auger) / Melc, —-melc mic (melc dozare fina )

Functional and energetic parameters /

Parametri func fionali gi energetici

Table 2 / Tabelul 2

me Motor Filling time / No. bags/min | Weighing precision /
weighed loading | Timp umplere | Nr.sac/min | Precizia de cantarire
Mbpag prog. Mecantarits frequency [S] [pCS/bUC] [%]
Msac prog. F(ecven;‘é
(kg) | Mueigbagt / | Mueig.bag i / [2limentare
Meantsac | Meantsacn | MOtoare t ty PI Pl Pl PII
[kl [kdl [Hz]

Augery/MelcM 25.02 25.01 5 14 12 4 4 +0.08| +0.04
Auger,/Melcy, 25.02 25.01 12 13 4 4 +0.08] +0.04]
Augery/MelcM 25 25.01 25.02 10 15 12 4 4 +0.04| +0.08|
Auger,/Melcy, 25.02 25.02 13 16 4 3 +0.08] +0.08|
Augery/MelcM 25.02 25.01 15 12 13 4 4 +0.08| +0.04
Auger,/Melcy, 25.02 25.02 12 12 4 4 +0.08] +0.08|

Withload/ | Ayger,/MelcM 30.03 | 30.02 17 16 3 4 +0.1] +0.07

Mers in 5

sarcind Augern/Melcy, 30.03 30.01 15 16 3 3 +0.1 +0.03
Augery/MelcM 35 30.00 30.03 10 14 17 4 3 0 +0.1]
Auger,/Melcy, 30.02 30.03 14 16 4 3 +0.07| +0.1]
Augery/MelcM 30.02 30.02 15 16 15 3 4 +0.07| +0.07|
Auger,/Melcy, 30.01 30.03 17 17 3 3 +0.03] +0.1]
Augery/MelcM 35 35.01 35.03 5 19 19 3 3 +0.03] +0.08|
Augery,/Melc, 35.03 35.02 19 18 3 3 +0.08] +0.06|
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Fig. 6 - Variation of weighing precision depending on auger speed / Variafia preciziei de cantarire
in funcfie de turatia melcului
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Fig. 7— Variation of filling time depending on the motor loading frequency / Variafia timpului de umplere
n funcfie de frecvenfa de alimentare motoare

CONCLUSIONS

Through the constructive and functional solutions
adopted after the experimental investigations it was found
that the Technological equipment for weighing and
automated management— EWAM ensures:
increased productivity due to reduced service time by
overlapping some activities in the packaging process,
which is made possible by the fact that the machine is
equipped with two workstations served by a single
operator;
easy and fast management of quantities of finished agricultural
products resulted from the manufacturing process;
safe storage in the memory of the equipment for a
certain period of time of the data regarding sacked
product quantities, data that can be made available to
interested parties;
securing the packaging process by the fact that the
programming and work parameter modifications, as
well as the system configuration, can only be made
by authorized persons based on access passwords
only known by those persons;
increasing operator’'s yield due to the reduction of
supplementary physical effort.
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CONCLUZII

Prin solutiile constructive si functionale adoptate in
urma investigarilor experimentale s-a constatat ca
Echipamentul tehnologic pentru cantarire si gestionare
automata ECGA asigura:
cresterea productivitatii muncii ca urmare a reducerii
timpului de deservire prin suprapunerea unor activitati
din procesul de ambalare, lucru posibil prin faptul ca
echipamentul este prevazut cu doua posturi de lucru
deservite de un singur operator;
gestionarea rapida si ugoara a cantitatilor de produse
agricole finite rezultate din procesul de fabricatie;
stocarea in sigurantd Tn memoria echipamentului pe o
anumitd perioada, a datelor privind cantitatile de
produse insacuite, date ce pot fi puse la dispozitia
persoanelor interesate;
securizarea procesului de ambalare prin faptul ca
programarea si modificarea parametrilor de lucru
precum si configurarea sistemului, se pot face numai
de persoane autorizate pe baza unor parole de acces
stiute doar de acestea,;
cresterea randamentului operatorului ca urmare a
reducerii efortului fizic suplimentar.
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Therefore, we can conclude that the usage of methods
and technologies for weighing and automated dosage
brings a growth in the economic efficiency and has an
immediate impact on the evidence of supplied materials,
also leading to the growth in the quantity of products
packed in bags and in the weighing precision [2].
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Putem concluziona deci, ca utlizarea metodelor si
tehnologiilor de cantarire si dozare automata aduce cu
sine o crestere a eficientei economice si are un impact
imediat asupra evidentei materialelor livrate, conducand
totodata la cresterea cantitatii produselor ambalate in saci
si a preciziei de cantarire.[2]
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THEORETICAL CONTRIBUTIONS TO THE DRIVE OF CEREAL CL EANING TECHNICAL
EQUIPMENT ENDOWED WITH NON BALANCED VIBRATION GENER ATING SYSTEMS

/
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Abstract: The paper presents the scheme of dynamic
calculation of vibrating separator endowed with free
vibrating plate and the author contributions concerning
the determination of the movement of an intensive
cleaner separator endowed with non balanced vibration
generating systems. Also there are mentioned the
advantages of electrical motovibrators utilisation for
driving the vibrating sieves of technical equipment used
for cereal cleaning in view of their processing.

Keywords:
motovibrator

grains, cleaning, vibrating sieves, electrical

INTRODUCTION

The primary processing represents an important link of
the process of capitalization of vegetal-origin products
and, at the same time, an essential operation of the
conditioning chain.

The continous progresses obtained in terms of
improving the primary processing methods and techno-
material base periodically determine the substantial
increase of exigencies related to lack of foreign
substances, seeds uniformity, sanitary state, lots’
homogeneity in order to achieve a high quality level of
agro-food products.

The cereal seeds primary processing before the seeds
exploitation represents a complex technological process,
including several constructive types of technical
equipment for separating and removing the impurities
existing in seeds [1, 2, 3, 4].

Therefore, profoundly knowing the technology to be
used, the operating method of technical equipment
appropriate to relevant technology and technical-functional
parameters adjusting respresent an important preriquisite
to obtain the maximum quality with reduced power and
man labour consumption.

Equipping with generating vibrations with non-balanced
eccentric masses induced to technical equipment for
separation a high yield and high efficiency of separation
and theoretical approach of the study of particles motion
on the vibrating sieve plan is a current challenge [5, 6].

Intensive Cleaner Separator SAlI 800 (Fig. 1)
manufactured at INMA Bucharest is a modern technical
equipment used at removing the impurities out of cereal
matter combining the principle of separation based on size
difference (using surfaces put in vibrating movement) with
the separation based on aerodynamical characteristics (by
using a suction tube).
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Rezumat: Tn lucrare se prezintd schema de calcul dinamic
a separatorului vibrator cu un grad de libertate precum si
contribufiile privind determinarea ecuafiei de miscare a
unui separator aspirator intensiv acfionat cu sisteme
generatoare de vibrafi cu mase neechilibrate. De
asemenea  sunt evidenfiate  avantajele  utilizarii
motovibratoarelor electrice la acfionarea sitelor vibratoare
ale echipamentelor tehnice de curédfire a cerealelor in
vederea procesdtrii.

Cuvinte cheie: seminfe, site vibratoare,
motovibrator electric

curdfire,

INTRODUCERE

Prelucrarea primara constituie o veriga importanta a
procesului de valorificare a produselor de origine
vegetald si este o operatie primordialda a lantului de
conditionare.

Progresele continue pe linia Tmbunatatirii metodelor
de prelucrare primard si a bazei tehnico-materiale
determind periodic sporirea substantiald a pretentiilor
fatd de lipsa corpurilor strdine, uniformitatea semintelor,
starea sanitara, omogenitatea loturilor Tn scopul atingerii
unui  nivel calitativ  ridicat pentru  produsele
agroalimentare.

Pregatirea semintelor de cereale si plante tehnice
Tnainte de procesare reprezintda un proces tehnologic
complex, care include mai multe tipuri constructive de
echipamente tehnice pentru separarea si eliminarea
impuritatilor existente in masa de seminte [1, 2, 3, 4].

Se cere 0 temeinica cunoastere a tehnologiei utilizate,
a modului de functionare a echipamentelor tehnice
specifice tehnologiei precum si a reglarii parametrilor
tehnico-functionali ai acestor echipamente in vederea
obtinerii calitatii maxime, cu consum minim de energie si
fortd de munca.

Echiparea cu generatoare de vibratii cu mase neechilibrate
confera echipamentelor tehnice de separare un randament
ridicat si o eficientd sporita a separarii, iar abordarea
teoretica a studiului miscarii particulelor pe planul sitei
vibratoare fiind o provocare de actualitate [5, 6].

Separatorul aspirator intensiv SAI 800 (fig. 1) conceput
la INMA Bucuresti este un echipament tehnic modern
utilizat la separarea impuritatilor din masa de cereale
combinand principiul de separare pe baza diferentei de
marime intre acestea (folosind suprafete aflate in migcare
de vibratie) cu separarea dupa proprietatile aerodinamice
(folosind un canal de aspiratie).
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Fig. 1 — Experimental Model of Intensive Cleaner Separator SAl 800-overview) /
Modelul experimental al Separatorului aspirator intensiv SAl 800-vedere generala
1- electric motovibrators / motovibratoare electrice

MATERIAL AND METHOD

The two electric motovibrators (Figure 1, poz.1) that
represented the driven system of separation technical
equipment shown in Figure 1 have mounted on their
axles two non-balanced eccentric masses m= mg/2.
These are continuously rotating, in opposite directions
developing the centrifugal forces F(t)/2 whose graphical
representation is shown in Figure 2.

MATERIAL S| METODA

Cele doua motovibratoare electrice (Figura 1, poz. 1)
care alcatuiesc sistemul de actionare al echipamentului
tehnic de separare prezentat in Figura 1 au montate pe
arbori doua mase neechilibrate excentrice m= mg/2.
Acestea se rotesc sincron, in sensuri contrare dezvoltand
fortele centrifugale F(t)/2 a caror reprezentare grafica
este prezentata in Figura 2.

Fig. 2 — a) Graphical representation of centrifugal forces / Reprezentarea grafica a forfelor centrifugale [1]

The location of the driving system is chosen in
equation with the disturbance force trajectory that should
cross the mass centre (c.g.) of the whole system,
eliminating in this way the additional oscillations of the
worked surface which could determine the disturbance, of
normal harmonical movement law.

Calculation scheme of conveyor endowed with
vibrating free plate, driven by a centrifugal system with
non-balanced rotating masses is shown in figure 3. The
reduced mass (equivalent) m of vibrating system
oscillates in direction S under the action of disturbing force
F(t) of driving mechanism with non-balanced masses.

Within the post-resonating operating regime, the
rotation frequency of the two masses mq is far smaller
than the own frequency of oscillating system.
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Locul de plasare al sistemului de actionare se alege in
asa fel incat directia fortei perturbatoare sa treaca prin
centrul de masa (c.g) al intregului sistem, eliminand prin
aceasta posibilitatea oscilatiilor suplimentare ale
suprafetei de lucru care ar putea perturba legea armonica
normala de miscare.

Schema de calcul a separatorului vibrator cu un grad
de libertate, actionat printr-un sistem centrifugal cu mase
rotitoare neechilibrate este prezentata in figura 3. Masa
redusa (echivalentd) m a sistemului vibrant oscileaza in
directia S sub actiunea fortei perturbatoare F(t) a
mecanismului de actionare cu mase neeechilibrate.

n regimul de functionare postrezonant frecventa de
rotatie a celor doud mase mo este cu mult mai mica decéat
frecventa proprie a sistemului oscilant.
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Fig. 4 - Scheme of dynamic calculation of vibrating separator endowed with free vibrating plate /
Schema de calcul dinamic a separatorului vibrator cu un grad de libertate

An external resisting force F(c, u) opposes to Miscarii masei oscilante m i se opune forta externa de
oscillating mass movement m, this force appearing at the rezistentd F(c, p) care apare in elementele de legatura
level of connecting elastic elements with damping system. elastice cu amortizare. Intrucat aceastd fortd ajunge la
Because this force reaches 85...90 % out of the amount 85...90 % din suma fortelor de rezistenta, in calculele
of resistance forces, within the dynamic calculations are dinamice se introduc coeficienti de corectie pentru fortele
introduced correction coefficients for external resistance externe de rezistentd ale migcarii incarcaturii pe cadrul
forces of loading movement on the vibrating frame. vibrant.

The reduced (equivalent) mass m of system elements, Masa redusa (echivalentd) m a elementelor sistemului
which perform the oscillating movement is calculated with care efectueaza miscarea oscilatorie se calculeaza cu
the relation (1): relatia (1):

m=mg + kin m, 1)
where: ms is the equivalent mass of the vibrating frame n care: ms este masa echivalenta a batiului vibrant si a
and other components connected to it; ki, = 0.1...0.25 — celorlalte piese legate de acesta; ki, = 0,1...0,25 —

reducing factor of loading mass for body frame mass coeficientul de reducere a masei incarcaturii la masa
[5]; min — mass of loading material on the vibrating sieve batiuluii [ 5 ]; mim — masa materialului incarcaturii aflata pe
body. batiul vibrant cu site.

For the connecting elastic elements with viscous Pentru elementele elastice de legatura cu amortizare
damping, the damping hypothesis through viscous friction vascoasa, In cazul general se foloseste ipoteza amortizarii
is generally used, the external resistance force F (c, p) prin frecare vascoasa, forta externa de rezistenta F(c, p)
being given by the Eq.(2): fiind data de relatia (2):

F(c, i) =cS+cuS )

where c is the elastic elements rigidity with viscous
damping and y — damping factor by internal friction (for
rubber, y = 0.001 s).

Taking into account the D’Alembert principle applied to
the intensive cleaner separator (figure 1), it can be
obtained the differential movement equation of reduced
mass m, namely (3):

n care: c este rigiditatea elementelor elastice de legatura
cu amortizare vascoasa; u — factorul de amortizare prin
frecare interna (pentru cauciuc, py = 0,001 s).

Tn baza principiului lui D’Alembert aplicat separatorului
aspirator intensiv (figura 1) se obtine ecuatia diferentiala
de migcare a masei reduse m, care are forma (3):

mS=F(t) - F(c, k) 3)
Integrating together the Egs.(2) and (3) we obtain the Rezolvand Tmpreuna ecuatiile (2) si (3), se obtine
movement equation allowing to analyze and easily ecuatia de migcare intr-o forma care permite analiza si
calculate the working parameters of the gravitational calculul comod al separatorului actionat cu mecanisme cu
separator endowed with non-balanced eccentric masses, mase excentrice neechilibrate, considerate sisteme
considered as vibrating single mass systems, namely (4): vibrante cu o singura masa, care are forma (4):
mS+cu S+cS=F(t) 4
The disturbance centrifugal force F(t), which determines Forta perturbatoare centrifugald F(t), care provoaca

the reduced mass oscillation, taking into consideration the oscilatia masei reduse, cu luarea Tn considerare a migcarii
transport movement (S) and relative movement (So) is de transport (S) si a miscarii relative (Sp), este data de

given by the equation (5): relatia (5):

F(t) = -my(So+S) ®)
where So is the component of the centrifugal acceleration unde So este componenta acceleratiei centrifuge care
appearing as a result of rotation of each of two masses apare ca urmare a rotatiei fiecarei din cele doud mase 0,5
0.5 mo of the centrifugal vibrator system. . mo ale sistemului vibrator centrifugal.

Having in view the fact that the relative displacement Deoarece deplasarea relativa a fiecareia din mase (0,5
of each mass (0.5 mp) towards S is equal to S, = r [$inwt, mo) n directia S este egala cu S, =rsinwt, relatiile pentru
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then the equations for speed S, and acceleration Spare:

So = rewcosat | So = T’ sinat

Where: r is the non-balanced masses eccentricity; w-
rotation frequency of non-balanced eccentric masses .
Using the equations (4) and (5), we can obtain the
movement equation of separator centrifugally driven by
means of non-balanced eccentric masses, namely (7):

(m+m,) S+ cuS+cS=mra? sinat

The particular solution for this differential equation for
steady oscillations has the form (8):

S=Asin(at-¢,)

Where: A is the amplitude of system forced oscillations
and @s — angle of phase difference between the
displacement directions S si So.

Differentiating Eq. (8) and replacing the speed S and

the acceleraton S of oscillations in Eg. (7), and
identifying the factors of functions sin wt and cos wt and
solving a system of two equations with two unknowns, are
obtained the following solutions (9), (10):

INMATEH — v4¢ziculta:al é_nﬂ eeting
calculul vitezei S, si acceleratiei §,sunt:

(6)
Tn care: r este excentricitatea maselor neechilibrate; w —
frecventa de rotatie a maselor neechilibrate.

Folosind relatiile (4) si (5), se poate obtine ecuatia de
migcare a separatorului actionat cu mecanism cu mase
excentrice neechilibrate, care are forma (7):

™

Solutia particulara a acestei ecuatii diferentiale pentru
oscilatii stabilizate are forma din relatia (8):

8)

in care: A este amplitudinea oscilatilor fortate ale
sistemului; @s unghiul de defazaj intre directiile
deplasarii S si So.

Diferentiind relatia (8) si Tnlocuind viteza S si

acceleratia S a oscilatiilor in ecuatia (7), se obtine o
identitate. Prin egalarea cu zero a factorilor de pe langa
functiile sin wt si cos wt si rezolvand un sistem de doua
ecuatii cu doua necunoscute, se obtin solutiile (9), (10):

A=m,ro’ /\/,uzcza)2 +(c-ma’ - myw?)?

@, = arctg

The amplitude A of oscillations of vibrating sieve body
depends on the rotation frequency w of non-balanced
masses, having the maximum value of Anax for a

frequency W= p, =./c/(M+m,), when the angle of

phase difference ¢s = /2, namely:

Amax :mo

Replacing the particular solution into Eq.(5), we obtain
the expression of the system disturbance force:

F(t) = m[re’sinat + Aw’ sin(at — @.)] = F sin(at —¢)

The amplitude F of the disturbance force and the angle
of the phase difference y between the force and non-
balanced masses shifting from equation (12) are
unknown.

If Egs. (9) and (10) are replaced into Eqg. (12) and
solved through the method above, we found (13), (14) [1]:

c-mw’ - myw’

9)

Hea (10)

Amplitudinea A a oscilatiilor batiului cu site vibratoare
depinde de frecventa de rotatie w a maselor neechilibrate,

avand valoarea maxima Amax pentru frecventa
W= p, = /c/(m+m,), cand unghiul de defazaj ps =
/2, adica:

ral(ulc) (11)

Tnlocuind solutia particulard in relatia (5) se obtine
expresia (12) a fortei perturbatoare a sistemului:

(12)

Amplitudinea F a fortei perturbatoare si unghiul de
defazare y dintre forta si decalarea maselor neechilibrate
din expresia (12) sunt necunoscute.

Daca in ecuatia (12) se inlocuiesc relatiile (9) si (10) si
se rezolva prin metoda prezentata anterior, se obtin
marimile cautate (13), (14) [1] :

IUZCZC()Z +(C_mw2)2 (13)

Fzmorpz\/

u'c

20’ +(c-ma’ —myw?)?

m,CHa’ (14)

Y =arctg

The disturbance forces of driving system with non-
balanced masses reaches its maximum value at a rotation

frequency w= p, =,/c/(m+m,), and by increasing the
rotating speed it decreases and minimizes for a frequency
of w=p=+c/m.

For a cycle of oscillations the mechanical work of
disturbing force is given by the equation (15):
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U’ +(c-mw)(c-me - mya’)

Forta perturbatoare a sistemului de antrenare cu
mase neechilibrate are valoarea maxima la frecventa de

rotatie w= p, =./c/(m+m,), iar prin cresterea turatiei
se micgoreaza si devine minima pentru frecventa
w=p=+c/m.

Pentru un ciclu al oscilatiilor lucrul mecanic al fortei
perturbatoare este dat de integrala din relatia (15):
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.
W:jF(t)d—Sdt
2t

where T = 21m/w is the period of non-balanced masses
rotation. Replacing Eq.(11) within the above integral

equation and determining the speed S = dS/dt from
equation (8) we obtain (16):

2l w

W = FAw jsin(ax — () cosgut — ¢.)dt = 7EASIN@, — )

RESULTS
By means of known equations (8), (9), (12) and (13)
the expression of the mechanical work is obtained as (17):

memlr *w®
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(15)

unde T 2m/w este perioada unei rotati a maselor
neechilibrate. Substituind in expresia integralei ecuatia

(11) si determinand viteza S= dS/dt din relatia (8) se
obtine (16):

(16)

REZULTATE
Cu ajutorul relatiilor cunoscute (8), (9), (12) si (13) se
obtine expresia pentru calculul lucrului mecanic (17):

17

uctw+ (c—-mw? - myw?)?

The necessary power (in kW) for ensuring the driving
of separator, in case of a steady regime is established by
taking into account the transmission output using the
equation (18):

b W

100CT
where T is the period of oscillations (in s), given by the
expression T = 21/w.

In case of a post resonance adjustment, the amplitude
can be determined with the equation (19):

A=(m,/m)r

Determining the resistance forces generated in the
connecting elastic elements with damping is a very
complicate problem for each type of separator and driving
system.

The vibration isolating index given by the -elastic
elements is between 0<l<l and it is obtained by the
relation (20) [.5]:

where:

fs is the static arrow of elastic elements under the

influence of separator’s frame weight and product on

the vibrating sieve, mm and n- driving element
pulsation (s™).
From the above relations, it can be seen that:

- angular drive is not in a major influence with the
resulting amplitude in the case of electrical motovibrators
driving;

- the resulting amplitude is decisively influenced by the
eccentric mass and the radius of its location;

- vibration generator prints to the body with sieves a
disruptive force straightly directed .

CONCLUSIONS

The utilization of electric motovibrators as acting
systems for technical equipment which separate the
impurities from cereal seed mass has a series of
advantages: simplifies the kinematic chain, intensifies the
separating process, reduces the stress transmitted to the
foundation, assures easy installation on active parts of
technical equipment (due to the small volume, so that the
vibration’s direction passes through gravity centre of the
whole system), easy adjustment of technical and
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Puterea (in kW) necesara pentru asigurarea
functionarii separatorului, in cazul unui regim stabilizat, se
stabileste cu luarea Tn considerare a randamentului
transmisiei astfel utilizand relatia (18):

Wa
271100(

[kW] (18)

unde T este perioada oscilatiilor (in s), data de relatia: T =
21w.

in cazul unui reglaj postrezonant, amplitudinea poate fi
determinata cu relatia aproximativa (19):

(19)

Determinarea fortelor de rezistentd care iau nastere in
elementele de legatura elastice cu amortizare este
complicata si constituie o problema de sine statatoare
pentru fiecare tip de separator si sistem de antrenare.
Indicele de izolare a vibratiilor, asigurat de elementele
elastice, este cuprins intre 0<l<l si este dat de relatia
(20) [5I:

1 (20)

f (1 y2-1
95

unde:

fs este sageata statica a elementelor elastice sub influenta

greutatii cadrului separatorului si a produsului aflat pe sita

vibratoare la un moment dat, in mm; n- pulsatia
elementului de antrenare, in st
Din relatiile de mai sus, se poate constata ca:

- pulsatia de antrenare nu influenteaza intr-un mod
major amplitudinea rezultantd Tn cazul actionarii cu
motovibratoare electrice;

- amplitudinea rezultanta este influentata in mod decisiv de
masa excentricului si de raza de amplasare a acestuia;

- generatorul de vibratii imprima batiului cu site o forta
perturbatoare dirijata rectiliniu.

CONCLUzII

Utilizarea motovibratoarelor electrice ca sistem de
actionare al echipamentelor tehnice de separare a
impuritatilor din masa de cereale conduce la o serie de
avantaje: simplificarea lantului cinematic, intensificarea
procesului de separare, reducerea solicitarilor transmise
fundatiei, montare ugoara a acestora pe organele active
ale echipamentului tehnic (datorata volumului mic, astfel
incéat directia vibratiei sa treaca prin centrul de greutate al
Tntregului sistem), reglarea usoara a parametrilor tehnico-
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functional parameters (amplitude, actuation force) and
oscillation’s direction.

Viewing the fact that the state-of-art equipment is
aimed at achieving a higher technological effect with
specific consumption of reduced materials and energy,
the utilization of these systems generating vibrations is
fully justified.
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functionali (amplitudine, forta de actionare) si a directiei
oscilatiilor.

Avand in vedere ca noile generatii de echipamente de
separare urmaresc realizarea unui efect tehnologic
superior cu consumuri specifice de materiale si energie
reduse, folosirea acestor sisteme generatoare de vibratii
este pe deplin justificata.
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Abstract: This paper presents some possibilities to
optimize the use of electromagnetic waves, microwaves
for the being moment, in agriculture and food industry.
Concerns on this issue have arisen from some research
topics about heating systems for agricultural products in
their manufacturing processes. Obviously, at a later time,
other interesting applications were suggested. For the
present moment, the applications are limited to the drying
process of herbs, fruits and vegetables or materials that
must be preheated for processing (sawdust for pellets).
For future applications, microwaves and other
electromagnetic waves can extend their use in complex
treatment for stored fruits and vegetables processing,
treatment against pests existing in agricultural fields or in
other areas. A mathematical model of a microwave oven
from specialized literature is used in this paper in order to
obtain a better positioning of organic matter inside the
oven or a more favorable thermal field inside the oven.

Keywords: optimization, electromagnetic waves, microwaves

INTRODUCTION

According to [6], microwaves are electromagnetic
waves with wavelengths between 1 mm and 1 m, with
frequencies between 300 MHz and 300 GHz. Microwaves
have multiple applications: communication (telephone,
wireless, bluetooth), radar, radio astronomy, navigation
(GPS) spectroscopy, heating, power transmission and
application (microwave ovens, semiconductor
processing, chemical depositing, TOKAMAK devices,
experimental fusion reactors, non-lethal weapons, and so
on).

Microwaves can be generated by devices called
magnetrons and directed towards target areas using
waveguides.

Therefore, the most important applications of
microwaves in agriculture and food industry as those from
the final category, namely their use for heating, drying or
burning of organic tissues or materials in various
manufacturing processes [2, 3, 4].

Processes that require thermal heating were studied at
INMA in the past several years, this can be achieved by
using microwaves [5]:

- biogas plant;
- pellet press when drying sawdust.

Electromagnetic waves or electromagnetic radiation is,
according to [8], a natural phenomenom consisting of an
electric field and a magnetic field situated in the same
space and are mutually generated as they are propagated.
Electromagnetic waves satisfy the electromagnetic field
Maxwell equations.
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Rezumat: Lucrarea expune unele posibilitéfi de optimizare a
utilizarii undelor electromagnetice, deocamdatd microundele, in
industria alimentara si agricultura. Preocupdri legate de aceastd
problema au apdarut in legaturd cu unele teme de cercetare ce
au ca subiect sisteme de incélzire a produselor agricole in
procesele de prelucrare ale acestora. Evident ca ulterior au fost
sugerate si alte aplicafii interesante. Pentru moment, aplicafiile
se limiteazd la procesele de uscare a plantelor medicinale,
fructelor si legumelor sau a unor materiale care trebuie preincélzite
n procesul de prelucrare (rumegus pentru pelefi). Pentru viitor
aplicafile microundelor, iar apoi a altor unde electromagnetice
Tn general, vor putea fi extinse la procese complexe de tratare a
legumelor si fructelor in depozite, la tratamentul Tmpotriva
d&unéitorilor din plantafile agricole sau in alte domenii. In aceasts
lucrare se foloseste un model matematic al unui cuptor cu
microunde, din literaturd de specialitate, pentru a obfine o cat
mai bund pozifionare a substanfei organice in cuptor sau un
camp termic cat mai favorabil in interiorul cuptorului.

Cuvinte cheie: optimizare, unde electromagnetice, microunde

INTRODUCERE

Conform [6], microundele sunt o categorie de unde
electromegnetice cu lungimi de unda cuprinse intre 1 mm
si 1 m, avand frecvente cuprinse intre 300 MHz si 300
GHz. Aplicatile microundelor sunt multiple: comunicatii
(telefonie, telefonie fara cablu, bluetooth), radar,
radioastronomie, navigare (GPS), spectroscopie, incalzire
si transmiterea si aplicarea energiei (cuptoare cu
microunde, prelucrarea semiconductoarelor, realizarea de
depuneri chice, instalati TOKAMAK, reactoare de fuziune
experimentale, armament neletal, etc.).

Microundele pot fi generate cu ajutorul unor dispozitive
numite magnetroane si directionate in spatiile tinta cu
ajutorul unor ghiduri de unda.

Prin urmare, cele mai importante aplicatii ale microundelor
Tn agricultura si industria alimentara ar fi cele din ultima
categorie, mai precis folosirea acestora la Tincalzirea,
uscarea sau arderea unor tesuturi organice, sau materii
prime Tn diverse procese de prelucrare [2, 3, 4].

Procesele care solicitda incalzire termica au fost
introduse Tn studiu la INMA in ultimii ani,aceasta putand fi
realizata prin folosirea microundelor [5]:

- instalatia de produs biogaz;
- presa de peleti din rumegus la partea de uscare.

Undele electromagnetice sau radiatia electromagnetica,
sunt, conform [8], fenomene fizice care constau intr-un
camp electric si unul magnetic in acelasi spatiu si care se
genereaza reciproc pe masura ce se propaga. Undele
electromagnetice satisfac ecuatiile cAmpului electromagnetic
ale lul Maxwell.
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MATERIAL AND METHOD

In order to optimize organic material heating, a
mathematical model of the microwave oven whose
construction is described in [9] was used:

The list of parameters involved in the computation is
given in table 1.

INMATEH — Agricubtusal Engineering

MATERIAL S| METODA

Pentru optimizarea procesului de incalzire a materialului
organic s-a folosit un model matematic al cuptorului cu
microunde a carui constructie este descrisa in [9]:

Lista parametrilor implicati in procesul de calcul este data
n tabelul 1.

Table 1/ Tabelul 1

Unitate de Valoarea in problema /
Nr./ Denumire parametru / Notatie / | masura/ Problem value
No. Parameter name Notation Unit of Cartof / Aer/ | Sticla/ | Cupru/
measure Potato Air Glass Copper
1 |Intensitatea a campului electric / Electric field intensity E Vem?
2 | Inductia magnetica / Magnetic field B T
3 | Inductia electrica / Electric induction D C-m?
4 | Intensitatea a campului megnetic / Magnetic field intensity H Am?
5 | Campul de viteza Darcy / Darcy speed field [7] u m-s*
6 | Densitate de current / Current density J A-m?
7 | Campul scalar de temperatura / Temperature scalar field T K
8 | Unitatea complexa / Complex unit j -
9 | Conductivitatea mediului / Environmental conductivity o S-m? 0 | 0 | 0 | 5.998-10
10 | Permitivitatea vidului / Vacuum permittivity & F-m?
1 El((eerlrt]"[tii(\:/it;er?n (i-:;lt(ie\cl:;[tr;:a relativa a mediului / Relative environment o ) 65-20] 1 255 1
12 Eeerrmee:lgilliitt?tea magnetica relative / Relative magnetic m H-m 1 1 1 1
13 | Numarul de unda in vid / Vacuum wavenumber Ko m*
14 | Conductivitate termic / Thermal conductivity k w-mtK*! 0.55 | | | 400
15 | Caldura rezistiva (J-E) / Resistive heat (J-E) Q w-m?
16 IE:ee;lidsl:ir\jlerl(zzsusltata prin pierderi resistive / Heat generated by On Wem?
17 bcslgggnreiizglltoasti prin pierderi magnetice / Heat generated Om wWem?
18 | Capacitatea caloric / Heat capacity G J-kgtK? 3640 385
19 | Densitatea de masa / Mass density p kg-m’3 1050 8700
20 | Frecvente de taiere (prag) / Cutoff frequency (threshold) (Ve)mn Hz
21 | Viteza luminii in vid / Speed of light in vacuum c m-s* 300000000
24 | Frecventa / Frequency v Hz
25 | Frecventa microundelor / Microwave frequency Ve Hz 2.45.10°
26 | Numar modal / Modal number m - 1
27 | Numar modal / Modal number - 0
28 | Constanta de propagare / Propagation constant s -
29 | Lungimea cuptorului / Oven length Wo m 0.267
30 | Latimea cuptorului / Oven width do m 0.270
31 |Inaltimea cuptorului / Oven height ho m 0.188
32 | Lungimea ghidajului / Waveguide length Wy m 0.050
33 | Latimea ghidajului / Waveguide width dg m 0.078
34 | Inaltimea ghidajului / Waveguide height hg m 0.018
35 | Raza placii de sticla / Glass plate radius I m 0.1135
36 | Grosimea placii de sticla / Glass plate thickness hp m 0.006
37 | Baza placii de sticla / Glass plate base by m 0.015
38 | Raza cartofului / Potato radius I'pot m 0.0315
39 | Temperatura initiala a cartofului / Initial temperature of the potato To K 281.15

In order to obtain the solution to the problem of
organic material that is subjected to the action of a
microwave oven, one uses a structural model proposed
and solved in [9]. Distributed heat sources are calculated
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Pentru solutia de baza a problemei unui material organic
supus actiunii microundelor intr-un cuptor, se foloseste un
modelul structural propus si rezolvat in [9]. Sursele
distribuite de caldura sunt calculate printr-o analiza
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in a stationary electromagnetic analysis in the frequency
domain followed by a heat transfer simulation showing
how thermal energy is redistributed in the organic
material. The geometrical model shown in Fig. 1 is only
half of the structure because its symmetry permits a
more economical solution. The main components of the
model are: the microwave oven, is represented by four
copper walls, one waveguide, the side box through which
the microwave oven is supplied with microwaves, copper
walls, and also a cylindrical glass plate (only half of it
because of the model's symmetry), on which organic
material is placed, represented by the fourth component
of the model, the potato. The oven is a metal box
connected to a 500 W microwave power emitting device
with a frequency of 2.45 GHz, which emits through a
TE10 waveguide model. The potato is cut on the side
that is in contact with the glass plate to make good
contact with the flat plate (the top cover support plate
from the cylindrical oven) the glass, which on the one
hand gives mechanical stability and on the other hand
facilitates a fine finite element that is satisfying for the
potato-glass plate contact. Although losses have an
electrical resistance nature, metal losses are expected to
be low, the impedance conditions on these walls ensure
that they are taken into account.

o o o o3 0
Fig. 1 - Geometria modelului structural conform [6], compus din:
cuptorul cu microunde, cartoful ca material organic, ghidul de
unde si suportul de sticla / Structural model geometry according
to [6], comprising of: a microwave oven, the potato as organic
material, a waveguide and a glass holder

The waveguide feeder (oven's power window) is
influenced by a transverse electric wave (TE), which is an
electrical wave that has no component on the direction of
propagation. According to [6], an excitation frequency of
2.45 GHz, TE10 is the only way to propagate through a
rectangular waveguide. Cutting frequencies for different
modes are analytically given by:

|

€|

(vcjmn =E |
\

The waveguide feeder (oven’s power window) is
influenced by a transverse electric wave (TE), which is an
electrical wave that has no component on the direction of
propagation. According to [6], an excitation frequency of
2.45 GHz, TE10 is the only way to propagate through a
rectangular waveguide. Cutting frequencies for different
modes are analytically given by:
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electromagnetica stationara in domeniul de frecvente
urmata de simularea unui transfer de caldura care arata
cum este redistribuita energia termica in materialul organic.
Geometria modelului este reprezentata in fig. 1, numi
jumatate din structura intrucat simetria acesteia face
posibila o solutie mai economica. Componentele principale
ale modelului sunt: cuptorul cu microunde, reprezentat prin
cei patru pereti din cupru, ghidul de unda, cutia laterala prin
care se face alimentarea cu microunde a cuptorului, de
asemenea cu pereti din cupru, o placa cilindrica din sticla
(in model numai jumatate datorita simetriei), pe care este
asezat un material organic, mai preci cea de-a patra
componenta a modelului, cartoful. Cuptorul este o cutie
metalica conectata la o sursa de microunde cu puterea de
500 W si frecventa de 2.45 GHz, unde care patrund in
cuptor printr-un ghidaj care lucreaza in modul TEL0.
Cartoful este taiat pe partea contactului cu placa de sticla
pentru a realiza un contact bun cu placa plana (capacul
superior al placii cilindrice suport din interiorul cuptorului) de
sticla, ce, pe de o parte realizeaza stabilitatea mecanica iar
pe de alta parte, faciliteaza o discretizare satisfacatoare cu
elemente finite la contactul cartof-placa de sticla. Desi au
caracter rezistiv, pierderile in metale sunt de asteptat a fi
mici, conditile de impedanta pe acesti pereti asigurand
faptul ca se tine seama de ele.

_
LA

T

53 0

¥
Fig. 2 - Discretizarea structurii cu elemente finite de tip tetraedral /
Structure mesh with tetrahedral finite elements

Portul (fereastra de alimentare cu microunde) este
excitata de o unda electrica transversala (TE), adica o
unda electrica ce nu are componenta pe directia de
propagare. Conform [6], o frecventa de excitatie de 2.45
GHz, TE10 este singurul mod de propagare printr-un ghid
de unde dreptunghiular. Frecventele de taiere pentru
diferite moduri sunt date analitic de formula:
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Wa dg

1)

In care m si n sunt numerele modale si ¢ este viteza
luminii. Pentru modul TE10, m=1, n=0. Cu dimensiunile
sectiunii transvarsale a ghidajului (wg=7.8 cm si dy=1.8
cm), modul TE10 este singurul mod de propagare pentru
frecvente cuprinse intre 1.92 GHz si 3.84 GHz. Conditia
necesara pentru propagare prin fereastra necesita o
constanta 3, care la frecventa v data, are expresia:
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E = — fv: —_ -VE: (2)
c
Model mash Discretizarea geometriei
Meshing complex structural model (due to four types Discretizarea modelului structural complex (datorita

of materials used and the equations to be solved for celor patru tipuri de materiale folosite si ecuatiilor de
each air field inside the oven and in the sphere rezolvat in fiecare in domeniul cu aer din interiorul
representing the potato) is done automatically by the cuptorului si in domeniul sferei ce reprezinta cartoful) se

software, allowing to choose the network refined by the face automat de program, permitand alegerea unei retele
user. rafinata prin alegerea utilizatorului.

In the space filled with air from inside the oven, thermal In domeniul ocupat de aer din interiorul cuptorului,
electromagnetic field equations emitted by the waveguide ecuatile care sunt respectate de campul termo-
are according to [6]: electromagnetic emis prin ghidaj, sunt, conform [6]:

aT
pc?,a—+pc,|, u-VI=v-(kVT)+ @
r
jo 3)
vxp;l(vxe:j—k;,(s,——)f::n
ey
In areas where the potato is placed, equations that In domeniul in care se localizeaza cartoful ecuatiile care
describe the termoelectromagnetic field are given by (4): dau campul termoelectromagnetic sunt, conform (4):
aT
pcﬁa+pcﬂ u-Vr=v-(kVT)+Q ,
Q = Qriz + Qm!
1 4
th __Rc:}' Egj
2
= 11-? iR HY
Qmi - 5% U e E
&

In a transitional system, the boundary condition of the In regim tranzitoriu, conditia pe frontiera sursei de
electromagnetic waves source is: unde electromagnetice este:

—n- (—kVT) = Qg (5)

The same type of equation is satisfied on the Acelasi tip de ecuatie este satisfacuta pe frontiera
boundary domain of the potato (organic material): domeniului ocupat de cartof (materialul organic):

—n- (—kVT) =0 (6)

The initial conditions for the electric field are given by Conditiile initiale pentru campul electric sunt date prin
canceling it in all the model at the initial time. At the anularea acestuia in tot modelul la timpul initial.La timpul
initial time the thermal field is also constant and equal to initial, campul termic este de asemenea constant, egal cu
8° C or 281.15 K. 8° C sau cu 281.15 K.

With the influence that is specified for the rectangular Cu excitatia specificata la fereastra rectangulara, in
window, the guide and also inside the oven, the electric ghidajul de unde precum si in cuptor, pentru campul
field is solved by equation (4): electric se rezolva ecuatia (4):

- 2 jo
VX (VX E)—k,;(s,.——)E=lJ @)
W,

The pressure for these volumes is considered equal to Se considera presiunea in aceste volume egala cu
the atmospheric pressure, 1 atm. Relative permittivity is presiunea atmosferica, 1 atm. Permitivitatea relativa este
considered to be 1 for an isotropic material type. The luata 1, pentru un material de tip izotrop. Relatia
equation describing the magnetic field is: constitutiva pentru campul magnetic este:

B = pyu, H ®)
relative  permittivity and  electrical  conductivity in care permitivitatea relativa si conductivitatea electrica

corresponding to each material occupying a certain corespund fiecaruia dintre materialele care ocupa un
space, taken from the material database of the software anumit domeniu, luate fiind din baza de date de material
[6]. a programului [6].

The electromagnetic field Source that is coupled to the Sursa de camp electromagnetic, cuplata la fereastra
output of the waveguide is given by tho following equation exterioara a ghidajului de unde, respecta ecuatia:
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The microwave source has 500W and the phase is zero.
The electric field of the source is defined by the equation:

with the propagation constant, 8 given by equation
(2). On the metal boundaries of the subdomains, the
following condition exists:

B
[k vsn

ﬂ'lll oty — ja

RESULTS
Usual results from computation

The model proposed in [7, 9], usually gives some
results: resistive losses within the model, especially
organic material, temperature variation over time in
the organic material at various points on its boundary,
namely organic material surface temperature (in this
particular case a potato) or inside it, and the intensity
of the electric field component or its resultant, if
needed.

The integrated model, suggested by the one
described in [9] using geometric symmetry, gives the
results in Fig. 3, 4 and 5, a). Resistive losses in the
potato section included in the symmetry plane of the
model shown in Fig. 3. Note that the maximum values
are localized at the center of the organic material.
Temperature growth within the first 5s inside the potato
boundary points is shown graphically in Fig. 4. Note that
the potato maximum boundary temperature is about 13°
C, which is an increase of about 1°/s for that point. The
color map of the thermal field distribution on the potato
boundary is given in Fig. 5. It can be observed that the
same maximum value specified above, is spread on top
of the potato and towards the microwave source.

Time=5 Slice: Resistive losses (W/m®)

ok Al e R

——— i 'D
0.2 03 0

¥ 1.397x10°

a) Modelul intregului sistem / Entire system’s model

=0,E, =cos—

—(n-E)Jn=(rn-E,Jn—E,

©
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Puterea sursei este de 500 W si faza este nula.
Campul electric al sursei este definit de ecuatia:

mwy

d (10)

a

cu constanta de propagare, 8 data de formula (2).
Pe frontierele de metal ale subdomeniilor, se pune
conditia:

(11)

REZULTATE
Rezultatele uzuale ale programului de calcul

Modelul propus in aplicatiile [7, 9], da in mod uzual
cateva rezultate:pierderile rezistive in interiorul modelului,
in special in materialul organic, variatia temperaturii in
timp in materialul organic in diverse puncte de pe
frontiera acestuia, respectiv temperatura pe suprafata
materialului organic (in acest caz concret un cartof) sau
in interiorul acestuia, precum si intensitatea campului
electric pe componente sau rezultanta, daca este nevoie.

Modelul integral, construit dupa modelul sugerat de
[9] folosind simetria geometrica, da rezultatele din fig. 3,
4 si 5, a). Pierderile rezistive in sectiunea cartofului
inclusa in planul de simetrie al modelului apare in fig. 3.
Se observa ca valorile maxime se localizeaza in centrul
materialului organic. Cresterea temperaturii in primele 5
s in puncte de pe frontiera cartofului este redata grafic in
fig. 4. Se observa ca valoarea maxima a temperaturii pe
frontiera cartofului este de aproximativ 13° C, ceea ce
inseamna o crestere cu in jur de lo/s in acest punct.
Harta color a distributiei campului termic pe frontiera
cartofului este data in fig. 5. Se observa aceeasi valoare
maxima specificata mai sus, repartizata in partea de sus
a cartofului si spre sursa de microunde.

Time=5 Slice; Resistive losses (W/m?)

5,3315%10"

. x10
5

‘ 0.5
| L.
| ~+01
, 3

|
| 20,05

|
0= ;Ll

0

.

.
.--S" ==
& — . 00
030 y 3 7289%10°

b) Modelul redus prin simetrie / Model, reduced by symmetry

Fig. 3 - Distributia puterii de unda disipate in planul de simetrie a modelului dupa 5 s de expunere /
Wave power distribution across the symmetry plane of the model after 5s exposure
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Fig. 4 - Valoarea temperaturii in puncte de pe suprafata cartofului dupa 5 s/
Temperature value at different points on the surface of the potato after 5s
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a) Modelul intregului sistem / Entire system model

Additional applications of the model

These results are reached by the application of the
examples contained in the library [6]. The reason for the
use of this model is that it is worth to be exploited by
using it and eventually developing it, important
applications can be obtained:

- placement optimization of microwave sources in
order to level the temperature in a certain mass of
organic matter;

- periodic movement of organic mass in order to
standardize the thermal action on it;

- optimization of energy use (single source or multiple
sources totaling the same power consumption) with
the objective function energy consumption and/or
level the thermal field (possibly evaluated by average
standard deviation);

- optimization of energy consumption by using a
variable power scheme in order to achieve the
required temperature at a given time with one or
more microwave sources (one can vary the source
power or the frequency).

As an application, the mixing method and introduction
of organic material can also be considered in order to
level the thermal field (either pneumatic or mechanical).

Optimizing the positioning of microwave sources

One of the most interesting applications of this model
lies in the ability to move a source in different places
within the furnace boundary domain that is located near
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Time=5 Surface; Temperature (degC)

510
¥ 2.0454
b) Modelul redus prin simetrie / Model reduced by symmetry
Fig. 5 - Distributia temperaturii pe frontiera cartofului dupa 5 s de la ineputul expunerii /
Temperature distribution on the potato boundary after 5s starting from beginning of exposure.

Aplicatii suplimentare ale modelului

Pana la aceste rezultate conduce aplicatia continuta
in exemplele din biblioteca [6]. Motivul pentru care acest
model merita exploatat este acela ca folosindu-l si

eventual dezvoltandu-l, se pot obtine aplicatii

importante:

- optimizarea amplasarii surselor de microunde in
vederea uniformizarii temperaturii intr-o masa

oarecare de materie organica;

- miscarea periodica a masei organice in vederea
uniformizarii actiunii termice asupra acesteia;

- optimizarea consumului energetic (sursa unica sau
surse multiple insumand aceeasi putere consumate)
folosind ca functie obiectiv energia consumata si/sau
uniformitatea campului termic (evaluata eventual prin
abaterea medie standard);

- optimizarea consumului energetic prin folosirea unei
regim variabil de alimentare pentru atingerea
temperaturii necesare intr-un timp dat cu una sau
mai multe surse de microunde (se poate varia
puterea sursei sau frecventa).

Tot ca aplicatie se poate considera si introducerea unei
metode de agitare a materialului organic tot in vederea
uniformizarii campului termic (fie pneumatic, fie mecanic).

Optimizarea amplasarii surselor de microunde

Una dintre aplicatiile cele mai interesante ale acestui
model consta in posibilitatea de a muta o sursa indiverse
locuri pe frontiera cuptorului pe care este amplasata
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the waveguide feeder, so that the most suitable
temperature in the organic material is obtained, and the
temperature meets the best the energy needed collected
by the organic matter. For example, it will considered
where the waveguide feeder is placed in the new
equidistant points within a network on the x=w, plane,
that is the wall where the waveguide is initially placed. As
evaluating temperature will be considered the
temperature reached in the center of the organic material.
A surface will be obtained in the specified area with the
equation:

T =T(y.z)

described by points and possibly analytical form by
interpolation. Plotting numerical data (the direct results
of numerical experiments) and interpolating linearly, we
obtain the representation from fig. 6. Note that in order
to reach the center block at the maximum possible
organic matter after 5s, the waveguide must be placed
with its output overlaid on the wall center of the
microwave oven.

T. erade Celsius
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fereastra de intrare a microundelor prin ghidaj, astfel incat
sa obtinem temperatura cea mai potrivita in materialul
organic, adica temperatura care sa satisfaca cel mai bine
necesarul de energie incasata de substanta organica.
Pentru exemplu se va considera fereastra ghidajului de unde
asezata in noua puncte situate pe o retea echidistanta pe
pinul x=w,, adica peretele pe care ghidajul este amplasat
initial. Se va considera ca temperatura de evaluare,
temperatura atinsa in centrul materialului organic. Se va
obtine astfel in domeniul plan specificat o suprafata de ecuatie:

(12)

descrisa prin puncte si posibil de dedus sub forma
analitica prin interpolare. Reprezentand grafic datele
numerice (rezultatele directe ale experimentului numeric)
si interpoland liniar, se obtine reprezentarea din fig. 6. Se
observa ca pentru a atinge in centrul calupului de materie
organica valoarea maxima posibila dupa 5 s, ghidajul
trebuie asezat cu centrul ferestrei sale de iesire a
microundelor suprapus pe centrul peretelui cuptorului.

0 ] Ll
0 0.1

y.m

T
0z

Fig. 6 - Temperatura la centrul materialului orgasnic functie de coordonatele centrului ferestrei ghidajului undelor pe peretele cuptorului
marginit de latime si inaltime / The temperature at the center of the organic material, depending on the coordinates of the center of the
waveguide feeder on the wall of the oven, limited by its width and height

CONCLUSIONS
In order to optimize the heating process, the following
issues should be considered:

- the first important observation is that both targets
(organic material) and the source remain fixed, then,
appreciable temperature differences exist in the
organic material. If you can not auto-mix the organic
material (such as liquids do), then, for the
homogenization temperature of the organic matter
mass a mechanical or pneumatic agitation must be
performed.

- it is recommended that the volume of material
exposed to microwave heating to be as small as a
possible for uniform heating.
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CONCLuUzIl
Pentru a optimiza procesul de incalzire, trebuie avute

n vedere urmatoarele aspecte:

- prima observatie importanta este aceea ca daca atat
tinta (materialul organic) cat si sursa raman fixe,
atunci inevitabil, in materialul organic exista diferente
apreciabile de temperatura. Daca materialul organic
nu se poate autoagita (cum o fac lichidele), atunci,
pentru omogenizarea temperaturi in masa de
substanta organica trebuie efectuata o agitare
mecanica sau pneumatica.

- se recomanda ca volumele de material expuse
microundelor spre incalzire sa fie cat mai mici pentru
0 receptie cat mai uniforma a energiei termice.
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Abstract: A SVAT model (CoupModel) was used to
simulate water balance from two forest stands and one
arable stand throughout growing season (from May to
October) in 2008 and 2009. Measurements included soll
moisture and the collection of precipitation, canopy
throughfall and stem flow. Simulated soil moisture agreed
well with daily FDR-measurements and the R? was 0.73—
0.91, namely CoupModel had good validation in this
region. Results showed that the total evapotranspiration
from May to the end of October was estimated to be 824
mm, 815 mm and 790 mm for oak (Lithocarpus glaber),
Chinese fir (Cunninghamia lanceolata) and maize (Zea
mays), respectively. Deep percolation (or water recharge)
declined from approximately 352 mm in maize arable land
to 271 mm for oak and 297 mm for Chinese fir forest,
mainly due to differences in the interception loss.
Compared with the arable land, simulated interception was
increased by 87% for oak and 70% for Chinese fir (88 mm
to 114 mm) forest. The simulations indicated that tree
species also influenced the magnitude of water balance
components in SVAT system, calling for further attention
on the selection of tree species in future afforestation,
particularly when such projects aiming to keep water
infiltrating to the groundwater zone.

Keywords: Afforestation; the Three Gorges Reservoir
area (TGRA); oak; Chinese fir; maize; evapotranspiration;
deep percolation

INTRODUCTION

The Three Gorges Dam is one of the largest
hydroelectric scheme in the world. With the construction of
this huge project, human’'s interference and destruction
inevitably impacted the natural ecosystem of the Three
Gorges Reservoir area (TGRA) [1]. Influenced by the
climatic change, the expansion of inundated area, as well
as the migration project, vegetation degradation and floods
and droughts in this region were becoming more and more
serious. TGRA was a typical case in terms of the
complexity of the natural environment and the fragility of
ecosystems in China [1]. Since 1989, the Chinese Central
Government enacted a series of policies, such as the
Natural Forest Protection Project and the Shelter—Forest
Construction Project in the Upstream and Midstream of the
Yangtze River, and much effort was made on vegetation
restoration to reduce soil and water loss, protect the water
source and withstand natural disasters. Benefit from these
policies, much of the inefficiently cultivated land (especially
slope lands) was converted to forest in this region. B?/
2000, afforested areas had reached 6.74 million hm?,
forest coverage rate had changed to 25% from 19.9%, and
the soil erosion area had been reduced by 42% [2]. Most
studies are limited to the effect of afforestation on runoff or
sediment, nevertheless, quantitative analyses on water
balance and water consumption after afforestation also
can provide important information on vegetation restoration
or forests managements in TGRA.
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Traditionally, the components of water balance,
especially soil evaporation and transpiration, are
technically complicated and associated with uncertainty in
measurement procedure under field conditions. One way
to quantify the constituents of water balance in forest
ecosystems is to use water transfer models based on soll,
vegetation, and atmosphere characteristics (SVAT
models). The CoupModel is a process—based SVAT model
for simulating thermal and hydrological processes and the
corresponding biological processes that regulate carbon
and nitrogen transfer in the soil-plant-atmosphere system
[3]. Recently, Ladekarl et al. [4], Christiansen et al. [5],
Schmidt—-Walter and Lamersdorf [6] all used CoupModel to
calculate water balance among different ecosystems. In
China, applications of CoupModel have mainly
concentrated in the northern area. For example, Zhang et
al. [7] used CoupModel to assess the effects of wheat
straw mulch and fallow crops on water balance and water
use efficiency in the Loess Plateau. Wang et al. [8]
investigated two types of planted vegetation (Liaodong oak
and black locust forest), modelled water transfer with
CoupModel, and studied the importance of vegetation type
and slope in relation to water balance in the hill and gully
region of the Loess Plateau. Wu et al. [9] and Zhou et al
[10] explored the hydrological processes of frozen soil in
the northeast China and Tibetan Plateau through
CoupModel. However, CoupModel has rarely been applied
in TGRA.

As a part of vegetation restoration projects, we
conducted this research to determine the difference in
water balance components among three vegetation
patterns, namely, oak (Lithocarpus glaber) forest, Chinese
fir (Cunninghamia lanceolata) forest, and maize (Zea
mays) farmland, and to assess changes in water balance
and water consumption after the afforestation of arable
land from May to October in 2008 and 2009.

MATERIAL AND METHOD
Study site

The study site is located in Simian Mountain in
southwestern China (N 28°31'-28°46', E 106°17'-106°30'),
upstream of the Yangtze River. This region is also at the
upper end of TGRA, a typical case in terms of the
complexity of the natural environment and the fragility of
ecosystems in China [1]. Simian Mountain is located in a
subtropical area and has a continental monsoon climate,
with plenty of rainfalls. The elevation ranges from 900 m to
1500 m above sea level. The mean annual air temperature
was 18.4 °C, varying seasonally from approximately 5.5 °C
in January to more than 37.5 °C in August [2]. The mean
annual precipitation was 1096.7 mm (1951-2008) and was
normally concentrated from May to September. The
experiment was carried out from May to October in 2008
and 2009.

Two forest plots and one farmland plot were
investigated in the Shuanggiaoxi watersheds. The first
forest stand comprised oak (Lithocarpus glaber) with an
average tree height of 12 m and a mean stem diameter at
breast height of 14 cm (in 2008). The second forest stand
comprised Chinese fir (Cunninghamia. lanceolata), with an
average tree height of 14 m and a mean stem diameter at
breast height of 10.2 cm (in 2008). The two stands were
planted in the 1980s to form shelter woods to control soll
and water loss and stand density was approximately 1000
treestha. The third plot, located on conventionally
managed farmland, was planted with maize (Zea mays)
from May to September. The two forest stands were
converted from arable land many years before the
experiments. During the experimental period, all plots
received no fertilization or irrigation, and no natural
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compensation of groundwater resources was observed
because of the deep water table. According to the
international texture classification system, the three plots
displayed similar soil textural characteristics (i.e., sandy
loam). Basic information on the experimental plots is
presented in Figure 1 and Table 1.
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Fig. 1 - Location of the study site
Tablel
Basic information of standard land of experimental plots
) . . Canopy Tree .
\/egetation | Elevation |Gradient Age of ) Density Coverage . .
type [m] ] Aspect trees he{:g?t [2!21? [Plant-ha ] %] Main vegetation
Lithocarpus glaber
Oak 1167 5 sw 20 12.0 14 1000 90 Schima superba gardn champ
' Hicriopteris chinensis
Pteridium aquilinum
Cunninghamia lanceolata
. ) Pinus massoniana
Chinese fir| 1178 6 S 20 14.0 10.2 1000 75 Lespedeza bicolor
Aster ageratoides
Maize 1165 3 SW - 1.2 - - 85 Zea mays
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Field data

(1) Meteorological variable
Hourly meteorological data, including precipitation, global
radiation, air temperature, wind speed, and relative
humidity, were recorded by an automatic weather station
Vantage PRO2 (Davis Instruments Corp., USA) positioned
at a clear-cut area 600 m from the farmland experimental
field. Measurements were taken at a height of 2 m.
Sensors were factory-calibrated before installation.

(2) Measurement of soil moisture content (SMC)
Soil volumetric water content (8) was measured by
frequency domain reflectometry (FDR; Diviner 2000,
Australia). Before the experiment, nine PVC probes (three
samples in each plot) were vertically installed in mineral
soil after the removal of the O-horizon (if present). Daily
readings of soil moisture content (SMC) were recorded at
20 cm depth intervals from the surface down to 80 cm from
May to October in 2008 and 2009. The FDR sensors were
calibrated in the field by the comparison of measured soil
water gravimetric content in all replicate plots during the
experimental period.

(3) Throughfall and stemflow measurement

Throughfall (TF) was collected in three plastic buckets
beneath three standard trees in forest stands with an area
of 314 cm? and water was gathered in measuring
cylinders after rainfall. Filters were placed over the top of
the containers to avoid contamination of the sample by
leaves and animals [5]. Stemflow (SF) was collected
through a longitudinally split PVC tube around the trunks of
three separate trees at a 1.5 m height in each stand and
sealed with silicone along the trunk to avoid water running
beneath the tube. The tube bottom was connected to a
closed bucket on the ground [5,8] After the rainfall, canopy
interception capacity was calculated by precipitation (P)
minus TF and SF.

(4) Vegetation properties

Vegetation characteristics, such as leaf area index
(LAI), canopy height, and vertical root distributions, were
surveyed for use as model input. LAl was measured with a
LAI-2000 Plant Canopy Analyzer (LICOR, Lincoln, USA)
once a month in the growing seasons of 2008 and 2009
with at least 10 adjacent plants on each occasion. In the
three plots, 10 plants were chosen as standards, and their
heights were surveyed with a measuring rod once a month
during growing season. Root depth was investigated by
excavating the soil profile, and this procedure was
repeated once a month in growing seasons.

(5) Collection of soil samples and laboratory analyses

Volume-intact sonl samples were taken through steel
cylinders (100 cm ) [5] at 20 cm depth intervals to a depth
of 80 cm in May 2008. Within each horizon, three
replicates were taken to eliminate soil heterogeneity. The
soil samples were kept cold and dark until analyzed. Soil
physical characteristics were determined in the laboratory.
The particle size of the soil samples was analyzed by the
hydrometer method, and saturated hydraulic conductivity
(mm/d) was measured by the constant hydraulic head
method [8]. In addition, parameters in the Brooks—Corey
equation [11] were estimated according to measured
points of pF curves by a pressure membrane apparatus
(1500F1, Soil Moisture Corp., USA). Soil parameter values
in CoupModel were mainly derived from measurements in
laboratory, but they also required calibration during
simulation.

(6) Surface runoff

Runoff plots were established to measure surface
runoff beside every stand. The size of each runoff plot
was 5 m x 20 m. At the bottom of the runoff plots, iron
runoff buckets were installed to collect runoff. The size of
the runoff buckets, 80 cm in diameter and 100 cm in
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height, was designed according to the hydrological data
derived from the Jiangjin meteorological station. After
each runoff event, the water level in the runoff buckets
was measured to calculate runoff volume [8]. Since the
topography was flat, no surface runoff was found during
the experimental period.

Model description

Two coupled differential equations for water and heat
flow represent the core of the CoupModel. These
equations are solved using an explicit numerical method.
The basic assumptions behind these equations are that
the law of mass and energy conservation is observed and
that flows occur as a result of water potential (Darcy’'s
Law) or temperature gradients (Fourier's Law) [3]. Soil
texture and water retention curves are used as model
inputs, while the Brooks—Corey equation [11] is applied to
describe soil water retention, in combination with the
Mualem equation [12] to estimate unsaturated hydraulic
conductivity. A detailed technical description of the model
was given by literature[3] and software can be found at
http://www.lwr.kth.se/Vara%20Datorprogram/CoupModel.
The important plant and soil water modules used in this
study are described below.

(1) Water balance

Water balance over a period of time can be expressed
as follows:

where:
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P is precipitation [mm], | is interception [mm], Et is plant
transpiration [mm], Es is soil evaporation [mm], D is deep
percolation [mm], AS is the change in soil water storage
[mm], and gsur is surface runoff [mm].

(2) Soil water flux

Soil water flow is the sum of matrix, vapour, and
bypass flow which is assumed to obey Darcy’'s law as
generalized for unsaturated flow by Richards (Richards,

[mMm]; Es # L& 2 £ -8[mm]; D %:% 2% & 8[mm]; AS
% LA BIMm]; Qeur S b4 2% E[mm],
(2) tak»>d4

TEKALBEALEG., £ihihdo LB Sede, Lk

1931) [13]: * 2 £ 2 2 # 5 Darcy z #4» Richards % 4z [13]:
oy oC
qy =~k 5> -1|-D,—*q #)
v 0z oz P
Where: X b
qw is water flux, ky Iis the unsaturated hydraulic * . 4
conductivity, y is the water tension, Z is depth [m], C is Ow 2 K% @€ [mm], ky $ #4040 5K F [mmday’], @ %
the concentration of vapour in soil air [g-m?], Dy is the Kk#BkPal, Z%5+2%EE[M], CoHLEZEFHAGR
diffusion coefficient for vapour in the soil (dimensionless), . 3 . ) -
and Qoypss IS @ bypass flow of water in the macro-pores Elgm7], Dy % t @@k a s (R ED), Goypss &
mm]. £ 3685 3% [mm],
[(é
Interception = 2
Interception rate (l) is calculated by a threshold (3) 8248
function: BBBNdH LB @ ki E
. -Sit-1
| =minf Pl— 1, , ) {Simex = S t=1) .
' At
where: P is precipitation [mm], fing is the fraction of X, P ABEEMM], fna 55 EHF L EBAEGS

precipitation that reaches the soil surface directly without
being affected by vegetation (dimensionless), Simax is
interception capacity [mm], and S; (t-1) is interception
storage remaining from the previous time step [mm].

ﬁ(;@’&{@)y Simax ﬁﬁ\i%@@'[mm], Si (t‘l) é?ﬁ%&%ﬁ'd

4 K &[mm].
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(4) Soil evaporation

In CoupModel, the actual evapotranspiration can be
divided into three parts: evaporation of intercepted water
in the canopy, evaporation from the soil surface and
transpiration from plants. Soil evaporation (Es) is based
on the Penman combination equation [14]:
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(5) Actual transpiration (5) 544 40%

The potential transpiration, E, is also calculated from " ) ~ p . .
Penman combination equation [14], and the water uptake #HAL% G EM% BEp €% AE 265 Penman-Monteith « X
is assumed to be equal to transpiration and is partitioned " A ‘80 3 . y
between the soil layers on the basis of root distribution. RAEEAR, RELHEREDFDGLLT HELEM,
Actual transpiration, Eiw, which accounts for drought, P42 Ea 29 FR. JhiRBELZOHHS, T X4
oversaturation, and temperature effects, is calculated
according to: %

E = E* + fumov( E'[B) (5)
E. =E, j min(f ((2)). f (=(2)) £ (T (2))r(2))lz ©
E :rnax(O,Em E., /€.) 7
where: X X
Ew is actual transpiration [mm], Ew is transpiration T
without considering water uptake [mm], fumov is the Ew %% 4B E[Mm], Eu T4 L4l o8 K60 Z 05§

degree of compensatory water uptake (dimensionless),
Etp* is potential transpiration minus intercepted
evaporation [mml], f(¥(2)), f(r7(z)) and f(T(z)) are functions
that reduce the water uptake by roots due to
unfavourable soil moisture, salt and soil temperature
conditions respectively, r(z) is the relative root density, Eia
is evaporation of intercepted water [mm], and e is the
ratio between potential evaporation rate from interception

fumov B2 & A A G2 B (% 8W), Ep HH B4 L4
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storage and potential transpiration (dimensionless). (6) 224 &
(6) Deep percolation *i
In this region, the lower boundary of the simulated soil BTG, BRERHH@RTLREG, FEBE
profile is unsaturated since the deep groundwater tables,
and the vertical flow (D) is calculated by function: g D) 22X5:
D = kwlow (8)

where: D is deep percolation [mm] and kwiow IS hydraulic
conductivity in the lowest soil layer [mm].

(7) Runoff

If the precipitation reaching the soil surface exceeds
the infiltration capacity, a pool of water is formed on the
soil surface. The surface runoff (qsurf) is calculated as:
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Qsurs = asurf(Wpool- meax) 9)

where:

asurf IS @n empirical coefficient (0.8, dimensionless), Wpoo
is the total amount of water in the surface pool [mm] and
Wpmax IS the maximum amount of water that can be
stored on the soil surface without any surface runoff
occurring [mm].

Model settings and parameters calibration

The simulation ran from May to October in 2008 and
2009. Input variables included precipitation, global
radiation, air temperature, wind speed, and relative
humidity, with daily outputs of soil moisture and water
balance components produced.

In CoupModel, upper and lower boundary conditions
were defined as flux boundaries, with the upper boundary
accounting for precipitation. As a lower boundary
condition, unit gradient gravitational water flow was set
up, representing groundwater recharge in this study.
Capillary rise and lateral runoff were disregarded. Soil
physical and hydraulic properties were measured on the
basis of observed values in the laboratory, and air entry
tension, saturated water content, wilting point, and
residual water content (parameters in the Brooks—Corey
equation) were calculated by measurements of pF
curves.

In this study, the farmland vegetation canopy was
represented by a single leaf concept, whereas for the
forest plots, two layers, namely, the tree layer and the
understory, were used. Thus, the switch of multiple big
leaves was chosen. The most important vegetation
characteristics used in the simulations were LAl, tree
height, and root distribution, which were measured in the
field. Water uptake was defined as a pressure head
approach, calculated on the basis of response functions
for water content and soil temperature [3]. For forest
lands, the start of the growing season (and the
corresponding water uptake) was defined by a trigging
temperature approach; growing season began when the
day length exceeded 10 h and the accumulated
temperature was above 9.8 °C, and ended when the day
length became less than 10 h according to
meteorological observations [5]. However, for farmland,
growing season started in May and ended in September.

We used soil moisture (0—80 cm) and throughfall as
validation variables in the simulations. Based on field
measurements and relevant literature, several
parameters were calibrated to achieve satisfactory
agreement between the simulated and measured values.
All parameter values used to adjust the CoupModel are
presented in Table 2.

Kb
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Table 2
Parameters adjusted in the simulations
Parameter Symbol Oak Chinese fir Maize Source
Alt met station [m] Clevmet 1165 1165 1165 Measurement
Alt sim position [m] levsin 1167 1178 1165 Measurement
Slope E-W [m-m™] Px 0.59 0.63 0.67 Measurement
Slope N-S [m-m?] Py -0.12 -0.08 -0.11 Measurement
Air temp mean [°C] Tamean 19 19 19 Measurement
Max LA [m?m?] A 45 4.0 4.0 Measurement
Canopy height [m] Hp 12.0 14.0 15 Measurement
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Parameter Symbol Oak Chinese fir Maize Source

Root depth [m] Zetr 1.2 1.3 0.5 Measurement
Latitude [°] Clatit 28.51 28.51 28.51 Measurement
Albedo wet [%)] Awet 15 15 15 Reference [7]
Albedo dry [%)] Adry 25 25 25 Reference [3]
Plant albedo [%)] Aveg 10 13 15 Reference [8]
Light extinction coefficient Krn 0.5 0.5 0.5 Reference [7]
ThScaleLog # Xn 0.4 0.4 0.4 Reference [7]
Organic layer thickness [m] AZnymus 0.08 0.05 0 Measurement
Dvap tortuosity Avap 0.66 0.66 0.66 Reference [8]
Water capacity base [mm] Simax 2.3 2.3 0.5 Recf:g(iebnrg;e[dls]
Water capacity per LA [mm-m?] iLal 0.25 0.25 0.15 R(Zizlrﬁ)?;?ege]’
Cond VPD [Pa] Ovpd 450 450 200 Calibrated
Cond MAX [m-s’] G 0.005 0.005 0.020 Reéearl‘fb”r‘;fe[dle]
Flexibility degree fumov 0.9 0.6 0.6 Reference [8]
Crit threshold dry [cm] We 1500 1000 1000 Calibrated
Root frac exp tail Ifrac 0.1 0.05 0.02 Calibrated
PsiRs-1p Iy 150 150 100 Calibrated
Ra increase with LA [s-m™] Falai 60 60 50 Calibrated

Statistical analyses BB

To evaluate the performance of the model, the indices _ . o . 2
used in this study were R? the coefficient of # A #% % # (Determination Coefficient, R®) . %
determination of the linear regression between simulated 2 % (Mean Error, ME) . 954 £ (Root Mean

and measured values, the mean error of the model ME,
and the root mean square error of the model RMSE [5, 7-
9]. These indices were calculated according to the
following equation:

Square Error, RMSE ) [5, 7-9] s mZ R #4364, #
“HELXb:

ME:%Z(S -M,) (10)
i-1
1 n 1/2
RMSE= [E (s —Mi)ﬂ (11)
=1

where: S; and M; are the values at the ith observation
and n is the number of observations.

RESULTS AND DISCUSSION
Model validation

Soil moisture is a prime environment variable related
to land surface climatology, hydrology, and ecology [4].
Variations in soil moisture strongly affect surface energy,
water dynamics, and vegetation productivity (actual crop
yield). In addition, changes in soil moisture are also
directly connected to evapotranspiration (ET) because
this process is usually related to moisture in the upper 1
m to 2 m of the soil profile, at which depth moisture can
easily evaporate or be extracted by plant roots [6]. In
short, soil moisture is usually an important validation
variable in hydro-ecological simulations.

The time series of measured and simulated soil
moisture at depths of 0—20 cm, 20—-40 cm, and 40—-80 cm
for the three plots are shown in Fig. 2. The temporal
variation of soil moisture is similar for the three stands,
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showing a distinct trend with the highest values during
summer (especially from June to August). This trend is
consistent with that of precipitation events. Compared
with the variability of soil moisture at the 40—80 cm layer,
that at the depth of 0—20 cm is significant, with direct and
rapid changes as reactions to rainfall. In the entire soll
profile (O cm to 80 cm), the average soil moisture ranged
as follows: oak forest (10.22%) < Chinese fir forest
(10.88%) < maize farmland (12.36%).
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Fig. 2 - Daily simulated and observed soil moisture

As can be seen from Fig. 2, wider margin of variation
between simulated and measured values mainly appeared
in the following two circumstances: firstly, a few simulated
values were lower than measured values after the rainfall,
namely they failed to indicate extreme values. Secondly, a
few simulations became higher than measured values in
the dry season (e.g. late September). This was probably
in relation to soil water movement equation that applied in
the model, Darcy's law and Richards equation, assumed soil
as homogeneous medium [4], thus they cannot exactly
reflect and explain dynamic change process of water flow
in the heterogeneous soil (e.g. the preferential flow).

Validation results showed the desired conformity
between the simulated and measured data (Fig. 2 and
Table 3). The coefficient of determination for the linear
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regression (R2) between the observed and simulated soil
moisture in the entire soil profile (0 cm to 80 cm) was
0.83-0.91 (p<0.001) for oak forest but slightly lower for
Chinese fir forest (0.8-0.85) and farmland (0.73-0.87).
Generally, R? is useful for describing the difference
between the simulated and observed dynamics of
variables with cyclic fluctuations. In this study, R? is
above 0.73 for all plots, indicating that CoupModel well
simulates soil moisture. ME and RMSE reflect the
deviation between the simulated values and measured
values and thus facilitate the depiction of the irregular
patterns of variables for soil moisture changes in
response to infiltration events and drying processes. For
the three plots, ME is -0.83%-1.79%, with RMSE of
0.46%—2.81%. We deduce that the deviation was small
between the simulated and measure values, indicating
that the model effectively captured the dynamic changes
in soil moisture and that the simulation results were
reliable. Compared with soil moisture, simulated throughfall
had disappointing measurements, with R? of only 0.62—
0.69, possibly because of the small number of samples.
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Table 3
Validation of simulated results
Vegetation type Oak Chinese fir Maize
. 2 ME | RMSE |Average 2 RMSE |Average 2 ME | RMSE |Average
Variable |Depth | R (%] (%] (%] n R %] (%] n R (%] (%] (%] n
0-20|0.83| 1.79% | 2.81% | 7.79% | 320 | 0.8 | 1.52% |2.11% | 8.56% | 320 [0.73| 0.49% | 0.46% | 9.27% | 229
Soil
moisture 120 —40/0.84| 0.39% | 1.41% | 10.36% | 320 |0.85| 0.83% |1.48% | 11.06% | 320 | 0.85|-0.83% ] 1.41% |12.11% | 229
40 — 80/ 0.91|-0.02% | 1.38% | 12.51% | 320 [0.83| 0.26% |1.22% | 13.03% | 320 [ 0.87 |-0.12% | 1.89% |15.71% | 229
[Throughfall - |0.72|1.37mm{2.51mm - 34 [0.69(1.92mm|3.2mm - 34 - - - - -

Simulated water balance components

Simulated monthly outputs of interception (1),
transpiration (Ew), soil evaporation (Es), and deep
percolation (D) were illustrated in Fig. 3 and Fig. 4.
Similar to the seasonal variation in the soil moisture, a
clear pattern can be seen in the monthly sums of the
water balance components of the study plots. For the
whole simulation period, evapotranspiration (ET), the
sum of |, E , and Es , gradually increased in May and
reached the highest values (118 mm to 128 mm) in June
and August. Afterward, it was then reduced by cold
weather with low rainfall. In this study, evapotranspiration
was main output of water balance with the percentage up
to 91%, and it was ranked as follows: oak forest (824
mm) > Chinese fir forest (815 cm) > farmland (790 mm).

Interception and transpiration generally showed the
same temporal variation in the two forest stand and the
values in oak stand were higher in most cases.

In 2008, interception increased from 34 mm in May,
fluctuated between 36 mm and 51 mm through June—
September, then declined and reached the minimum (19
mm) in October. For the Chinese fir stand, the maximum
and minimum values of interception were 47 mm and 16
mm, which were lower than that from oak. Compared with
forest stand, the farmland exhibited the lowest
interception loss, accounting for 17% of the precipitation
and equaled 121 mm, while it was respectively 232 mm
(32%) and 209 mm (29%) for oak and Chinese fir forest.
Similar to interception, transpiration from the oak stand
was also biggest, equaled 203 mm and constituted 28%
of precipitation in 2008. From June to August, the
transpiration was at a maximum (36 —57 mm per month),
then it reduced to the minimum (20 mm) in October. The
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difference was not huge between simulated transpiration
in three plots, in Chinese fir forest and farmland, it was
22 mm and 43 mm lower than oak, while this value was
23 mm and 111 mm for interception (Fig. 2 and Table 4).
In contrast to the seasonal fluctuations of | and E,, soll
evaporation (Es) remained relatively constant (8 mm to
32 mm every month) throughout the growing season and
presented a modest rise in October. For farmland, soil
evaporation was 144 mm and constituted 20% of
precipitation in 2008, which was significantly higher than
that of oak (11% of P) and Chinese fir (13% of P) stand.
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Fig. 3 - Simulated monthly water fluxes for three plots

Unlike the gentle fluctuation of evapotranspiration
(ET), deep percolation (D) always abruptly changed
(maximum of 200 mm per month) with rainstorm events
(mainly in June 2008 and between June and August
2009). In 2009, 438 mm deep percolation /drainage
formed in the farmland, more than 45% of the gross
precipitation. Corresponding to farmland, the oak and
Chinese fir forest plots presented lower deep percolation,
accounting for only 36% and 39% of the precipitation. We
can deduce that forest significantly reduced the deep
percolation.
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Fig. 4 - Simulated monthly deep percolation for three plots

Effect of afforestation on water balance

Table 4 showed simulated water balance among three
plots from May to October in 2008 and 2009. It indicated
that a shift from cropland to forest would lead to an
increase in canopy interception (I) while a reduction in
deep percolation (D) (or groundwater recharge). First,
annual interception increased (88 mm to 114 mm, 67%—
92% of P) after afforestation (Table 4). Compared with
crops, trees had a large leaf area in our study sites,
implying high canopy capacity for interception storage
and a low amount of precipitation directly reaching the
ground [6]. Moreover, forests support great biomass with
long growing periods as undergrowth, and thus facilitate
canopy interception [8]. Second, a 51 mm to 85 mm
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(14%-25% of P) reduction in annual deep percolation
was estimated after afforestation. The probable reason
was that most precipitation in forestlands was absorbed
by the soil surface and rapidly diffused by evaporation or
transpiration after afforestation, thereby decreasing
infiltration depth and soil water content below the
infiltration depth [5]. Therefore, on sites with low plant
available soil water capacity and with roots that have no
access to the water table, a change in land use from
cropland to forest may negatively affect groundwater
recharge. The simulations also indicated that tree
species influenced the magnitude of water balance
components in SVAT system. Compared with Chinese fir
of the same age, oak had the highest interception and
lowest deep percolation, that mainly because of the
higher water consumption of oak.
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Table 4
Simulated water balance from May to October
Year Plot P ET I [mm] Eia [mm] Es [mm] D [mm] AS[mm]
[mm] [mm] (% of P) (% of P) (% of P) (% of P) (% of P) (% of P)
Oak 729 715 (98%) | 232 (32%) | 203 (28%) 82 (11%) 188 (26%) 23 (3%)
2008 Chinese fir 729 702 (96%) | 209 (29%) | 181 (25%) 98 (13%) 214 (29%) 27 (4%)
Farmland 729 691 (95%) | 121 (17%) | 160 (22%) | 144 (20%) | 265 (36%) 38 (5%)
Oak 978 933 (95%) | 253 (26%) | 261 (27%) 66 (7%) 353 (36%) 44 (5%)
2009 Chinese fir 978 928 (95%) | 232 (24%) | 228 (23%) 89 (9%) 379 (39%) 50 (5%)
Farmland 978 888 (91%) | 139 (14%) | 179 (18%) | 132 (14%) | 438 (45%) 89 (9%)
CONCLUSIONS % 4%
Based on field measurements from May to October in .
f23% 2008 #F 40 2009 § 5-10 A% #, RA-1T4£

2008 and 2009, a physical process-based model
(CoupModel) was applied to evaluating the effect of
afforestation on water balance in Simian Mountain in the
terminal section of the Three Gorges area (TGRA) of
China. Afforestation was performed using oak and
Chinese fir on former arable land of maize. The simulated
values of soil moisture were fairly consistent with the
measured ones, with a determination coefficient (Rz) of
0.73-0.91. This result indicated that CoupModel can
successfully demonstrate the complex interactions
between hydrological processes in soil-vegetation—
atmosphere (SVAT) system. Evapotranspiration was the
main output of water balance from May to the end of
October, with a percentage of up to 91%, and it was
estimated to be 824 mm, 815 mm and 790 mm for oak,
Chinese fir and maize, respectively. Deep percolation (or
water recharge) declined from approximately 352 mm in
arable land to 271 mm in the oak stand and 297 mm in
the Chinese fir stands, mainly due to differences in the
interception loss. Compared with the arable land,
simulated interception of different tree species was
increased by 87% for oak and 70% for Chinese fir (88
mm to 114 mm). The simulations indicated that tree
species also influenced the magnitude of water balance
components in SVAT system, calling for further attention
to the selection of regrown tree species in the planning
for afforestation projects, particularly when such projects
aim to keep water infiltrating to the groundwater zone.
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Abstract: With the rapid increase in the standard of living
and demand for high quality agricultural products in China,
the development and protection of agricultural product
regional brands (APRB) have begun to receive more and
more attention. All developed countries have taken the
protection of agricultural product brands in their origins
seriously. However, Chinese agricultural brands developed
very slowly, and there is little empirical research on APRBs.
In this study, an econometric model was established based
on data derived from an analysis of 2665 products from 30
provinces of China in order to identify the development
characteristics and verify the spill-over effects of Chinese
APRBs. The survey results revealed regional imbalances,
interregional agglomeration, category diversification of
brands, and a shorter industrial chain, with marketing
limited to specific seasons, in the development of APRBs.
Test results on the empirical models developed for this
study show that an APRB is a preferable system design.
This can gather small-scale agricultural producers and
provide accurate product information to markets at a lower
cost within a small region, preventing adverse selections
caused by asymmetric information. The added value of
agricultural products can be effectively increased by
developing APRBs, benefitting of the development of
Chinese agricultural product brands as well as positively
promoting increases in farmers' income and the further
development of the Chinese agricultural economy.

Keywords: agricultural product regional brand (APRB);
development characteristics; spillover effect; China

INTRODUCTION

With the continuous development of China's agricultural
regional economy, regional image association with unique
location and agricultural product regional brands (APRB)
are gradually being formed. It is well-known that brands
always develop in specific geographic areas within a
specific traditional and local situation[1]. Because of the
heterogeneous nature of the geographical areas in China
however, it is important to identify what the development
characteristics of APRB in geographic area are, and what
the spillover effects from creating an APRB are. As the
Chinese economy has undergone increased development,
the demand of citizens for high-end quality agricultural
products has increased rapidly. Many internationally
famous agricultural product brands have entered China and
occupied the high-end market, but the development of
Chinese agricultural brands still lags behind. This poses a
challenge for agricultural markets and products in China.
Previous research shows that using regional branding to
develop agricultural product brands has been successful in
Europe and United States. Therefore, it is urgent and
important to study the formation of APRBs in China. With
increasing urbanization and favorable policies concerning
agricultural economy and product branding, the objective of
this study is to provide theoretical support and recommendations
for the further development of these policies.
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MATERIALS AND METHODS
Research on Agricultural Product Regional Brands

The ordinary form of APRB is “region name + the
category name”. Brand names including a geographical
reference can help to better spread and describe the quality
characteristics of the agricultural product, such as the
flavour, taste and fragrance. For example, branding mutton
with the term “New Zealand Mutton” can help consumers
more effectively distinguish and selectively purchase
mutton from that country[2]. In a generally homogeneous
competitive situation this approach can construct customer
identity and recognition, and help products sell at high
prices by highlighting the differences in their geographical
origin [3]. The key point in regional branding is to construct
the identity and recognition of such brands[4]. By relating
the brand to its geographical origin and using the identity
and recognition of regional origin to connote specific
qualities, reputation and other characteristics[5], a product
can gain a unique local identification[6] that in turn gives
consumers a level of quality assurance and wins their trust
[7]. For consumers to buy food products such as beef and
fresh foods, geographic origin is an important factor in
selection[8][9]. More and more agricultural producers have
used regional brands to achieve product differentiation to
increase profits, and have additionally used regional brands
as a marketing tool to build customer loyalty, create product
differentiation and provide legal protection [10].

Because agricultural product quality is often concealed
until consumption, a kind of signal mechanism must be
employed to display quality information. In this way brand
and trademark act as signals that transmit agricultural
product quality information to consumers. Consumers then
assess product quality according to origin and brand
information. APRB, as a special identity, has distinct
regional characteristics[11]. Its signal display effect and
recognition effect are employed to communicate the quality
characteristics of particular agricultural products to
consumers [12]. An APRB can promote the branding and
value of agricultural products, and can gather the intra-area
small high-quality agricultural producers to send product
quality signals to the market at a lower cost. This helps
them avoid the possibility of selection caused by
information asymmetry, and is an important and powerful
information source for the consumer in making their
purchase decisions[13].

Above all, agricultural product regional branding has
become a hot research topic in high-end agricultural
product development throughout the world.

Data Sources for APRB

In this study, sample data sets for 2012 were
obtained mainly from China's Agriculture Ministry, which
has assembled information on the most well-known
regional agricultural products for thirty provinces (except
Tibet). The regional agricultural products selected for
this study must have received at least one of the
following authentication certifications: Geographical
Indications Protection Products, Geographical Indication
Proof Trademarks, and/or Agricultural Products
Geographical Indications listing. Moreover, the deadline
for possession of the above authentication certifications
was the end of 2012. Data on a total of 2665 samples of
famous regional agricultural products were obtained and
divided into seven categories: Fruit, Vegetables, Tea,
Grain-Oil, Animal Husbandry, Fish and Other.
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Development Characteristics of APRB in China
Development Imbalance

The samples of 2665 regional agricultural brands were
unevenly distributed throughout East Region Provinces,
Middle Region Provinces and West Region Provinces in
China, and the inter-regional differences in brand-
development are very obvious. The East Eleven Provinces,
including Shandong, Fujian, Zhejiang, Jiangsu, Liaoning,
Hebei, Tianjin, Beijing, Guangdong, Shanghai and Hainan,
provided 1062 APRB samples and accounted for 39.85% of
all samples. The Middle Region Provinces, including
Shanxi, Hubei, Anhui, Henan, Heilongjiang, Inner Mongolia,
Jilin, Hunan and Jiangxi provinces provided 718 APRB
samples and accounted for 26.94% of the samples. The
West Region Provinces, including Sichuan, Xinjiang,
Shanxi, Gansu, Guizhou, Chongging, Qinghai, Ningxia,
Guangxi and Yunnan, provided 885 APRBs samples and
accounted for 33.21% of the total samples. These results
showed the imbalances of APRB development scales in
Eastern Region Provinces, Middle Region Provinces and
West Region Provinces. The East Region Provinces
produced the most superior regional brands with Middle
Region Provinces following, and the West Region
Provinces had the minimum number of agricutural brands.

Aggregation Characteristic of APRB

The APRBs had obvious aggregation characteristics,
especially in the provinces with rich resources and unique
traditions (Table 1). There were five provinces that had
more than 100 APRBs in the East Region; Liaoning,
Shandong, Fujian, Zhejiang, Guangdong and Shandon,
and Shandong province had 298 APRBs by itself. The
APRBs of these five provinces accounted for 76.46% of all
samples in the East Region, and 30.47% of all samples in
China. The two provinces in the Middle Region with more
than 100 APRBs were Henan and Hubei. The number of
APRBs in these two provinces accounted for 33.29% of all
samples in the Middle Region, and 8.97% of all samples in
China. The two provinces in the West Region with more
than 100 APRBs were Sichuan and Chongqging. There were
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TEGOEREBL LPEGEIRE #46 76.46%, &
% @465 30.47%; B LG ERLEE I 100 4oL L
BB, MBI Hdedk, 2 S HGEBEERL
8P %% B K 4B 33.29%, &+ @6 8.97%; B4
GG muerd 100 AL LGOEBHES, DHL
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228 APRBs in Sichuan. The number of APRBs in these two B LBHPEUEERE HKG 3TT4%, &+ @
provinces accounted for 37.74% of all samples in the West 2 539
Region, and 12.53% of all samples in China. 12.53%.
Table 1
The aggregation characteristic of APRBs
Region East Region Middle Region West Region
Brand sum 1062 718 885
Brand quantity | Liaoning | Shandong | Fujian ZheJiang Guangdong Henan Hubei Sichuan | Chongging
> 100 112 298 154 147 101 115 124 228 106
Proportion in 10.55 28.06 14.50 13.84 9.51 16.02 17.27 25.76 11.98
intra-region
(%) 76.46 33.29 37.74
Proportion in 30.47 8.97 12.53
China (%) ' ' '
Category of Concentration of APRB Products RRAEEHERALELY &P

In the APRB category, Fruits made up the largest
category with 704 APRBs, accounting for 26% of all
APRBs. Vegetables contributed 510 APRBs (19%). Tea
contributed 209 APRBs (8%). Grains-Oils contributed
373 APRBs (14%). Animal Husbandry contributed 340
APRBs (13%). Fisheries contributed 210 APRBs (8%),
and the category contributed 318 APRBs (12%). The
above data showed that APRBs have the following
characteristics: (1) The product categories are
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diversifying and showing an expanding trend; and (2)
APRBs are concentrated in several categories including
fruits, vegetables and grain-oils. These three APRB
categories accounted for 59% of all the APRBs.

The industry chain of APRBs was shorter and limited to
seasonal marketing.

The data show that the industry chains of APRBs are
shorter, since the vast majority of APRB products are
primary agricultural products. Most regionally branded
products were fresh, live, unprocessed or primarily
processed foods, and their capacity for development and
utilization was seen as being low in the APRB context. It
is difficult to store and sell to distant markets and
participate in international competition for fresh and live
APRB products. In addition, supply is often unstable for
APRB products because of seasonal limitations.
Therefore, it is important to extend the industry-chain and
increase the added value of APRBs to further develop
the agricultural sector in China.

APRB Spillover Effect

Theoretical Principles
In information economy theory, the actual quality of
goods is often imperceptible, so brands should be used to
express product quality characteristics to prevent adverse
selection caused by information asymmetry. The system
design of APRB, the “public brand”, can help small and
decentralized agricultural producers to centralize the
transmission of product quality information to market at a
low cost, and to eliminate the adverse selection caused by

information asymmetry.

Methodology

The development of the agriculture economy not only
depends on cultivated area (land), total agricultural
machinery power, and the input of technology and
manpower, but also relies on the improvement of the
conditions for agricultural production, such as farmland
consolidation, water conservation facilities and climate.
When agricultural land resources remain unchanged,
product yields and famer incomes will increase through
improvements in agricultural infrastructure to the point
where inputs of agricultural machinery reach saturation
point. However, when the agricultural mechanization
level can no longer be improved, further investment will
have little impact on agricultural output. As the supply of
agricultural products increases (without considering the
influence of international agricultural product trade), the
market will become glutted, which will cause a decline in
the prices of agricultural products and a decrease in
agricultural income. As a result, it is essential for China to
improve the added value in agricultural products and
promote the brand management of these products.
Empirical research in many developed countries has
verified that the “country of origin effect” promotes
agricultural product branding and increases added value.
To study the positive spillover effect of APRBs on the
development of the Chinese agricultural economy,
regional branding was considered to be one of the
important input factors in this study. The development
effectiveness indexes of the agricultural economy
employed were mainly the Gross Agricultural Output
Value and Farmer Per Capita Income data supplied by
each province, and the other control variables included
the number of agriculture workers, the level of agricultural
investment, and the area available for Plantation-Breeding.
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Data Sources

As noted above, the 2665 APRB samples from 30
provinces in China (except Tibet) used in this study
were all obtained from the Chinese Ministry of
Agriculture.The agricultural economy development
effectiveness indices included Gross Agricultural Output
Value (T) and Farmer Per Capita Income (A). The T, A
and agricultural investment data were obtained by
multiplying the data from 2012 with the average growth
rate calculated from 2008 to 2012. Plantation-Breeding
Area is the sum of the average agriculture cultivated
area, the average aquaculture area, and the average
flower planting area between 2008 and 2012.
Agriculture Investment is the total amount of agriculture
investment that the Central Government directly
transferred to all provinces, including investment in fixed
assets, agricultural irrigation, water conservation
facilities, agricultural machinery and agricultural
subsidies. All these data were obtained from the
Chinese Statistical Yearbook (Table 2).
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Table 2
Statistical results
Variable Name Unit Symbol Sar_nple Mean Star_1d§1rd Max. Min.
Size Value Deviation
Gross Agricultural Output hundred million T 30 2082.23 1482.91 6089.00 170.00
Value Yuan
Farmer Per Capita Income Yuan A 30 5711.22 2387.20 12633.73 3042.87
Agriculture workers ten thousand Labor 30 2936.74 2029.75 8330.35 165.47
Agriculture investment h””d$ﬁgg“m°” Invest 30 201.58 83.82 389.53 56.46
Plantation-Breeding Area ﬂr‘géf;r;d Land 30 5481.62 | 3675.32 | 14480.11 329.32
Agr-brand quantity Individual b’?g;'d 30 88.83 57.99 298.00 18.00
RESULTS AND DISCUSSION %R 536
Research Model Construction REABEKEY

Two econometric models (1,2) were established. In
the two models, Gross Agricultural Output Value (T) and
Farmer Per Capita Income (A) are dependent variables.
There are four independent variables, including
Agricultural Investment (Invest), Agricultural Workers
(Labor), Farming Land (Land) and APRB Quantity (Agr—
brand). The following relationships were obtained:

RBEABLEE, 22a4248H8% (1) 40 (2), 6#
Y, #BBLEHCLEFG (G4HH T ) fm i
sthie N (G456 A" ), BHLEEHARLBYEH (6
4% “Invest” ) . L stk (§4% “Labor” ) |
HAEDe (H4%6 “Land” ) . &% E (5456 “Agr-
brand” ) .

In T=C+b,Inlabor+b,Ininvest+b,Inland+b,In Agr —brand+¢ 1)
In A=C+Db,Inlabor+b,Ininvest+b,Inland+b,In Agr —brand+¢ @)
Where, “C” is a constant, “b;” is regression coefficient, g, “C” HE#%%m, “bD” »@REe#%, “€7 %5
“€" is the interference and “In” is the natural logarithm. F#p, “In” Ho %Ik,
Regression analysis @ 8

Reviews 8.0 software was used to carry out
regression analysis and estimation. A weighted least
square method (WLS) was then employed to adjust the
models to eliminate heteroscedasticity. Finally, the
stepwise regression method was used to eliminate
multicollinearity between the variables. The results of the
regression analysis are shown in Tables 3 and 4.

A% %% 4@ 3 Eviews 8.0 824 9B 2 & Lk 4%
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Table 3
Regression analysis Results of Gross Agricultural Output Value
Variable Gross Agricultural Output Value

11 1.2
Cc 4.3866(19.3765)1 4.3835(26.5886) 1]
Agriculture workers 0.0231(0.3321) 0.0372(2.3268)1]
Agriculture investment 0.2402(1.7154)00 0.2286(7.6175)11]
Plantation-Breeding Area -0.4265(-3.1746)111 -0.4333(-8.0046)11]
Agr-brand quantity 0.1312(1.2412) 0.3613(9.6786)11J
Sample Size 30 30
R2 0.3168 0.9815
F 3.0237 361.9876
White F 2.6413(0.0328)
Glejser F 4.1032(0.0104)

Note: (1) ***, ** and * indicateds 1%, 5% and 10% significance level
respectively. (2) The values in brackets are t statistics.

According to the results of the regression analysis of
Models 1.1 and 1.2 in Table 3, the R® for the former was
0.3168, indicating that the goodness-of-fit of this model is
low. Therefore, measures of the quantity of APRB and
agricultural workers were statistically non-significant, and
the model was not precise enough.

Using weighted least squares for regression analysis
in the model 1.2, the R? of the model 1.2 is 0.9815 (t value
significantly passed the test), the goodness-of-fit of the
model 1.2 is significantly higher, and all variables tested
were under the 5% significance level. The estimate effect
of the model 1.2 is very good.

The regression analysis results of model 1.2 gave
values of 0.3613 and t was 9.6786, indicating that APRBs
play a significant and positive role in promoting the
development of the agricultural economy. The coefficient
for the plantation-breeding area was -0.43, meaning that
gross agricultural output value would increase by 0.43%
for every 1% decrease in this area. This result further
illustrates the point that reducing plantation-breeding area
through unit efficiency improvements does not directly
reduce gross agricultural output value, since the increasing
input from other elements partially offsets the negative
impact of reducing plantation-breeding areas. Therefore, it
is important to improve the quality of cultivated land,
especially to improve the added value of agricultural
products, and promote the branding of regional agriculture
products.

#: (1) [0 [Thel8 &7 1%, 5% 40 10% 65 244 K F, (2) #
EABYEAB,
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BYL2FBrikE) - RiEB4@R, R®% 09815
(tEBREBIHBE), MEKERERE, FEBH
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&
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Table 4
Regression analysis Results of Farmer Per CapitaIn  come
. Farmer Per Capita Income
Variable

21 22
C 0.9867(2.7143)1] 1.0436(51.9432)(11]
Agriculture workers 0.0812(0.7312) 0.0132(0.6531)
Agriculture investment 0.5341(2.4213)11 0.5446(9.1021)111
Plantation-Breeding Area 0.0542(0.2500)1] 0.0812(2.3352)[1]
Agr-brand quantity 0.3968(2.3379)1] 0.3901(19.7857)1 1
Sample Size 30 30
R2 0.7860 0.9976
F 24.3986 3925.6351
White F 1.4275(0.2447)
Glejser F 2.6958(0.0526)

Note: (1) ***, ** and * indicates 1%, 5% and 10% significance ;7.

level respectively. (2)The values in brackets are t statistics.
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The regression analysis results depicted in Table 4 show
that the R of model 2.1 is 0.7860 and its Glejser F is
2.6958(0.0526), which indicates that there is
heteroscedasticity in the model, with a low degree of fit. Model
2.2 was analyzed by the weighted least squares method, and
gave an R? value of 0.9976. This value indicated a
significantly improved degree of fit. Besides, the three
contributory variables, agriculture investment, plantation-
breeding area and agr-brand quantity, were significant at the
5% level.

The regression results of model 2.2 show an agr-brand
quantity regression coefficient of 0.3901 and a t value of
19.7857, which indicates that APRBs play a very significant
and positive role in promoting increases in the per capita
income of farmers.

CONCLUSIONS

In this study, an econometric model based on selected
data from 2665 samples of regional agricultural products from
30 provinces of China was established to empirically identify
the development characteristics of Chinese APRBs, and verify
their spillover effects. The results revealed regional
imbalances, interregional agglomeration, brand category
diversification and the shorter industrial chains of APRBs, as
well as showing that agricultural regional brand marketing is
limited to specific seasons.

Nevertheless, the study shows that APRBs have
significant and positive effects on the development of regional
agricultural economies, and effectively increases farmers'
incomes. This means that APRB is a preferable system design
for regional agriculture products. APRB is also useful for
obtaining quality information from small-scale agricultural
producers who produce high-quality agricultural products
within a specific region, and transmit the information to the
market at a low enough cost to prevent adverse selection
caused by asymmetric information. Therefore, the added
value of agricultural products can be increased by developing
APRBs, which will further promote the development of
Chinese agricultural product brands.

This research shows that every province in China should
make full use of current agricultural policies to favor local,
high-quality, brand-name agricultural resources. It is also
recommended that small and medium-sized agricultural
producers should develop APRBs vigorously to form the scale
economy of regional branding. At the same time, registration
and development of APRBs can promote the transformation of
the development and management modes in the agricultural
industry through regional branding and protection of
intellectual  property rights.  Resource  aggregation,
industrialization and increasing productivity distribution in
agriculture will transfer the superiority of regional resources to
the superiority of regional brands and market competition,
contributing to the rapid development of modern agriculture.
Developing APRBs based on specific regional cultures and
natural geographic resources can not only reasonably adjust
and improve local industrial structures to form a better and
special agricultural industry economy, but also promote
Chinese regional culture and national soft power by active
participation in international competition.
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Abstract: This study was aimed to identify optimal
indicators for microtopography-oriented soil quality
assessment. Twenty-two soil physicochemical and

biological parameters were investigated at 93 sampling
points in five different microtopographic units in semiarid
regions of the Loess Plateau, where the principal functions
of eroded agriculture soils are related to productivity and
anti-erosion ability. The selection of soil quality indicators
was accomplished using a combination of sensitivity

analysis, principal component analysis, and stepwise
regression. The indicators used for microtopography-
oriented soil quality assessment were found to be

moderately sensitive with no high sensitivity. Moderately
sensitive soil quality indicators including the levels of
sucrase activity (SA), available phosphorus (AP), total
nitrogen (TN), soil organic matter (SOM), and urease (UA)
are the major objectives of soil quality restoration and
regulation in the study area. The 22 soil physicochemical
and biological parameters indicative of soil quality were
grouped into seven soil quality factors; SOM, water-holding
capacity, total phosphorous (TP), total potassium (TK), soil
water content, capillary porosity, and AP. Optimal indicators
for microtopography-oriented soil quality assessment in the
study area were identified as; SOM, TN, SA, UA, AP, TP,
CaCO03, APA, and TK. Among these, the SOM level was the
key indicator for characterizing soil quality in relation to
microtopography in the semiarid loess region. This study
provides reference information for the conservation of
agricultural soils and improvement of low-yield farmlands in
semiarid regions of the Loess Plateau. This will enable
better agricultural decisions by the residents and aid
decision making by the government according to local
conditions.

Keywords:  microtopography; soail
indicators; semiarid loess region

quality; assessment

INTRODUCTION

The semiarid region of China’s Loess Plateau comprises
undulating ridges and hills with crisscrossing ravines and
gullies. In this region, soil erosion is one of the primary
causes of soil quality degradation[l]. In recent years,
ecological restoration measures such as returning farmland
to forest or grassland and enclosures for natural vegetation
rehabilitation have been implemented, which to some extent
have mitigated the exacerbation of water and soil loss[2].
However, the situation of soil erosion remains severe. The
action of water erosion not only forms erosion gullies but
also fragments slopes into microtopographically diverse
landforms such as collapse, gullies, furrows, gently sloped
terraces, scarps, and other units[3] (Fig. 1). Soil quality is a
comprehensive reflection of soil physicochemical and biological
properties, which integrally measures the ability of the soil to
supply the nutrients necessary for life and produce
biological materials; to accommodate, degrade, and purify
pollutants and maintain ecological balance; and to impact
and improve the health of plants, animals, and human
beings[4]. Despite the widely recognized importance of soil
quality for sustainable human development, there is
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presently a lack of consensus on how to assess soil
quality[5]. Soil quality assessment aims to comprehensively
analyze all aspects of soil functions in a wide scope,
including the ability to maintain biological productivity,
environmental quality, and plant and animal health[6]. The
major goal of assessment lies in the understanding of
agricultural soils for effective management and protection.
Because soil quality cannot be measured directly,
assessment of soil quality becomes necessary. A first step
in soil quality assessment is to establish a measurable
indicator system that can comprehensively reflect the quality
of agricultural soils. Because of the diverse utilization
patterns and regional variability of soil resources, different
indicators have been used for assessing soil quality but no
assessment indicators are commonly accepted [7-9]. The
characterization theory and method as well as the
assessment indicators for soil quality are currently the main
subject of soil quality assessment research internationally
and domestically[10-13]. However, few studies have been
reported on soil quality indicators oriented to
microtopography. Additionally, the existing soil quality
assessments have largely used indicators artificially
selected rather than statistically screened out from a large
number of soil physicochemical and biological indicators
[10, 14, 15]. The artificially selected indicators are inevitably
subjective and arbitrary to some extent.

In semiarid regions of the Loess Plateau, the unique
erosive environment and microtopographical diverse
landscape have caused serious soil degradation and
erosion. Therefore, quality restoration, conservation, and
directed cultivation of agricultural soils become an important
work for agricultural eco-environmental construction in
semiarid loess regions. This present study has the following
objectives: (1) to identify microtopography-oriented soil
quality factors from 22 soil physicochemical and biological
indicators of soil quality in semiarid regions of the Loess
Plateau; (2) to analyze the effects of the diverse
microtopography on soil quality factors; and (3) and to
screen out optimal indicators for microtopography-oriented
soil quality assessment in the semiarid loess region. The
results will provide reference information for agricultural soil
quality assessment and its variation patterns and rational
sampling, and will aid agricultural soil management

MATERIAL AND METHOD
Study site

The study area comprised the Hejiagou catchments of
Wugqi County, Yan’an City and the northern Shaanxi
Province, China (36°33'33"-37°24"27"N and 107°38'57"—
108°32'49" E). The catchments stand at 1233-1890 m
above sea level and have a semiarid continental monsoon
climate. The area has an average annual temperature of
7.8°C, an accumulative temperature (210°C) of 2817.8°C,
2400 average annual sunshine hours, a frost-free period of
96-146 days and an average annual evaporation of 400—
450 mm[3]. The topography is gully and hilly, and the
vegetation is a transition from forest steppes to grasslands.
Since 1998, the catchments have been closed to facilitate
the rehabilitation of vegetation, and the primary vegetation
now consists of herbaceous communities accompanied by
sparse undershrubs and tree saplings, as well as arbor
species on valley bed lands.

Sample collection and preparation

The number of soil sampling sites of the different
microtopographies of the study area were determined
depending on its topographical characters, topographical
distribution and the sizes of its microtopographies as follows
(Figure 1 and Table 1): 30 sampling sites in the furrows, 12
sampling sites in the gullies, 18 sampling sites in the
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collapses, nine sampling sites on the gently sloped terraces

and nine sampling sites on the scarps, making a total of 78

GO, e 94, £T84; GEuSBRLEN R

sampling sites. Three sites were chosen as control sampling

sites in the undisturbed areas of each microtopography 34, #4154, ## 2% 0-20cm. 20-40cm 4= 40-
type, making a total of 15 control soil sampling sites. Soll

sampling was conducted at 0—20 cm, 20-40 cm, and 40-60 60cm, #8 3 [ HiHB SLE®EDEREZRSHG, &
cm. The soils sampled from the three soil layers at three

neighboring sampling points were mixed and prepared as %4 93 4,

one soil sample by quartering, to a total of 93 soil samples.

A 500-g portion of each soil sample was air-dried,

pulverized and
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sieved to 1 mm and 0.25 mm in a campus- LAUERECE Sk 9 BORLEAT. HE. IF

based lab for future use.
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Fig. 1 - A sketch of the microtopography (QuickBird image) of the study area

Table 1
Basic status of the study plots
Sample number Microtopography Altitude [m] Degree of slope [°] | Slope position Slope aspect
30 Furrow 1358-1413 12-37 U9, M12, L9 | A6, U3, SA18, SU3
12 Gully 1399-1419 23-27 U3, M9 A6, SA3, SU3
18 Collapse 1351-1383 12-20 M12, L6 A6, SA12
9 Gently-sloped terrace 1342-1365 17-27 M9 U3, Sue6
9 Scarp 1396-1416 38-43 M9 A3, U3, SA3
15 Undisturbed slope 1341-1423 17-36 U3, M9, L3 | A3, U3, SA6, SU3

Note: U, M, and L mean upper, middle, and lower positions, respectively; and A, U, SA, and SU mean adret, udbac, semi-adret, and semi-udbac,
respectively. The numbers in the description of slope position and slope aspect are the number of samples

Soil parameter measurements

1 ABEFNGREF#

Eight soil physical parameters [16] were determined where

the bulk density (BD),

maximum water-holding capacity t2647[16]8 1. B E. BRAHBAKAE. £ B

(MaxWHC), minimum water-holding capacity (MinWHC), and

capillary water-holding capacity (CWHC) were measured by

KB EEBAKERDANE; EAKEDEFE, 4

ring shear testing, while the soil water content (SWC) was

measured by oven drying. The other soil parameters were

DETRIELH Hlo T :

calculated using the following formulae:

w=ypl 4wl 1)
wt = cxpg 2)
wl = (Cmax—C) ¥ 0 (3

107



Vol. 42, No. 1/2014

where,

W, W' and Y are the total capillary porosity (TCP, %),
capillary porosity (CP), and non-capillary porosity (NCP),
respectively, ¢ is the CWHC, p is the BD of the soail
(g/cm?), and Cmax is the MaxWHC.

Ten soil chemical parameters [17] were analyzed as
follows: Total nitrogen (TN) by the semi-trace Kjeldahl
method; total phosphorus (TP) by NaOH liquation and
molybdenum blue colorimetry; total potassium (TK) by
NaOH liquation and flame photometry; available nitrogen
(AN) by alkaline hydrolysis and diffusion; available
phosphorous (AP) by extraction with 0.5 mol L™ NaHCO3
and silica-molybdenum blue colorimetry; available
potassium (AK) by extraction with NH4sOAc and flame
photometry; soil organic matter (SOM) by heated
potassium dichromate oxidation; pH was measured by
potentiometry using a pH meter; cation exchange capacity
(CEC) was determined by NaOAc flame photometry; and
CaCO3 by NaOH-neutralized titration.

Four soil biological parameters [18] were determined,
as follows: the sucrase activity (SA) by 3, 5-dinitrosalicylic
acid colorimetry; the alkaline phosphatase activity (APA)
by disodium phenyl phosphate colorimetry; the catalase
activity (CA) by permanganate titration; and the urease
activity (UA) by citric acid colorimetry.

Assessment indicator selection principles

(1) Principle of pertinence

Soil quality not only depends on the major functions,

type, and region of the soil, but also relies on external
factors such as microtopography and soil management
measures[19]. Because of different demands for soil
functions, clarification of the assessment objectives is
necessary (i.e., specific soil functions and problems) when
selecting indicators of soil quality. In the erosive
environment of microtopographically diverse semiarid
loess regions, fertility quality is of greater importance to
soil quality than environmental quality and health quality.
This is because fertility quality directly relates to the soll
water carrying capacity for vegetation and the restoration
capacity of vegetation, thus having implications for eco-
environmental restoration and re-construction in the
semiarid loess regions. In this region, soil fertility quality is
mainly constrained by water and soil loss; thus, vegetation
restoration and re-construction (e.g., SOM) is an
important aspect of soil quality assessment.

(2) Principle of regionality

Soil quality has regional characteristics under different
environmental conditions [20]. The spatial difference in
soil quality should be reflected by the assessment
indicators selected, and local conditions should be taken
into consideration for establishing assessment indicators
with  regional  representativeness. In  relaton to
microtopography, soil quality is determined by the extent of
erosion, and soil quality variations are closely related to
the erosion process. In the semiarid loess regions, solil
quality assessment should highlight the particularity of the
erosive environment and reflect the condition and
variation patterns of agricultural soil quality under different
conditions of microtopography and erosion intensity.

(3) Principle of sensitivity combined with stability

Soil quality indicators are required to sensitively
reflect the variations in soil erosion, tillage management,
and utilization patterns. However, soil quality indicators
should remain relatively stable within a certain period,
rather than a higher sensitivity meaning better indicators.

Statistical analysis
Descriptive statistics (coefficient of variation and
relative range) and principal component analysis were
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performed in SPSS 20.0 (IBM SPSS Inc., Chicago, IL,
USA). Stepwise regression was performed in DPS 7.55
(Data Processing System designed by Tang). Statistical
analysis was carried out using mean data of soil
parameters at 0—60 cm depth.

Principal component analysis is an important method
for multivariate analysis. It essentially involves optimal
integration, simplification, and dimensionality reduction of
high-dimensional variable systems, and objectively determines
the weight of each index to avoid subjective arbitrariness.
The focus of comprehensive assessment via principal
component analysis is to integrate a multi-objective
problem into a single index form both scientifically and
objectively point of view. Because soil quality is affected
by a variety of factors, principal component analysis
provides a practical method for soil quality assessment.
Standardization of soil quality assessment indicators is
needed to eliminate their effects of inconsistency and
being dimensionless on factor loading. In this study,
membership functions of soil quality assessment
indicators and soil functions were established, and the
degree of membership for soil quality assessment
indicators was calculated using a single-factor
assessment model. In this way, the measured values of
soil quality assessment indicators were converted to
values between 0 and 1 for normalizing the dimensionless
factors of the assessment indicators. Based on a matrix of
correlation coefficients, principal component analysis was
performed after varimax rotation. The communality of each
assessment indicator was derived from the factor loading
matrix, which reflects the relative contribution of the indicator to
overall variability in soil quality. The weights of individual
assessment indicators were converted to values between 0
and 1 by calculating the percentage of individual
communality in the sum of communality.

Stepwise regression is an effective method for selection
of optimal assessment indicator(s) from a regression
equation containing all indicators under the conditions of
both-enter-and-exit models and successive elimination of
non-significant factors [21]. In the present study, regression
analysis (i.e., stepwise regression) was performed with
the first, second, third, and fourth principal components
(PA1 to PA4, i.e., sample factors with the highest scores
in principal component analysis) as the dependent
variables, and original variable values of single or multiple
indicators that affect each principal component as the
independent variables. Stepwise regression was carried
out through the F-test using the maximum correlation
coefficient principle. The principal components selected to
characterize soil quality were further analyzed through
stepwise regression to choose the one with greatest
variability in relation to microtopography. Additionally, the
assessment indicators (i.e., soil parameters) that constitute
each principal component were subjected to stepwise
regression to identify the one with the highest variability in
relation to microtopography. Finally, optimal soil quality
assessment indicators and the key soil quality
characterization indicator were identified.

RESULTS AND ANALYSES
Sensitivity of soil quality indicators

Soil properties vary with microtopography and the
variation rate of soil parameters is relatively high. The
assessment of soil quality is not only closely related to soil
functions but also sensitive to microtopographic
differences. Here CV was used as the criterion to evaluate
the sensitivity of soil quality indicators. A greater CV value
means that the indicator is more sensitive to the variations
in microtopography. Table 2 summarizes the descriptive
statistics of the 22 soil physicochemical and biological
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parameters in the study area. Among these, SA had the
greatest CV, followed by AP, TN, SOM, UA, NCP, APA,
AN, AK, SWC, CA, TP, TK, CaCQOs, and CEC levels; pH
and CP had the smallest CVs. Additionally, AP level had
the largest relative range, followed by SA, TN, UA, APA,
SOM, NCP, AN, AK, SWC, CA, TK, CEC, CaCOs;,
MIinWHC, and TP levels; pH and CP levels had the
smallest relative ranges.

INMATEH — Agricubtusal Engineering
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Table 2
Sensitivity analysis of soil quality indicators (so rted by coefficient of variation, CV)

Soil quality indicators Samples |Range | Min. Max. |Mean| Standard deviation [c(% Relative range
SA 31 8.49 1.02 9.51 | 481 2.56 53.22 1.77
AP 31 5.12 0.93 6.05 | 2.70 1.14 42.22 1.90
TN 31 0.62 0.14 0.76 | 0.36 0.15 41.67 1.72
SOM 31 8.39 291 11.3 | 5.84 242 41.44 1.44
UA 31 13.31| 2.36 15.67 | 8.45 3.42 40.47 1.58
NCP 31 6.9 3.50 10.40 | 5.74 1.76 30.66 1.20
APA 31 1.38 0.55 1.93 | 0.90 0.26 28.89 1.53
AN 31 34.99| 16.73 | 51.72 | 31.61 8.44 26.70 1.11
AK 31 74.9 | 52.87 | 127.77| 84.40 21.25 25.18 0.89
sSwcC 31 7.87 4.67 12.54 | 8.83 2.06 23.33 0.89
CA 31 0.4 0.36 0.76 | 0.63 0.10 15.87 0.63
TP 31 0.17 0.46 0.63 | 0.54 0.07 12.96 0.31
TK 31 10.29| 13.49 | 23.78 | 17.56 2.20 12.53 0.59
CaCOs 31 58.59 | 139.89| 198.48|164.97% 19.97 12.11 0.36
CEC 31 4.42 6.48 109 | 8.74 1.05 12.01 0.51
MinWHC 31 10.71| 25.97 | 36.68 | 31.93 2.13 6.67 0.34
MaxWHC 31 10.84| 37.22 | 48.06 | 41.97| 2.66 6.34 0.26
CWC 31 8.23 | 33.88 | 42.11 | 37.46 1.77 4.73 0.22
BD 31 0.22 1.15 137 | 1.26 0.05 3.97 0.17
TCP 31 8 49.73 | 57.73 | 52.81 1.86 3.52 0.15
CP 31 4.66 | 45.07 | 49.73 | 47.18 1.24 2.63 0.10
pH 31 0.24 8.33 8.57 | 8.48 0.06 0.71 0.03

To distinguish the differences in their sensitivity, the soil
quality indicators were classified into four groups
according to their coefficients of variation, i.e., highly
sensitive, moderately sensitive, poorly sensitive, and
insensitive indicators (Table 3). There are no highly
sensitive indicators used for assessing soil quality in the
study area; SA AP, TN, SOM, and UA levels were
moderately sensitive; NCP, APA, AN, AP, SWC, CA, TP,
TK, CaCOgs, and CEC levels were poorly sensitive; and
minWHC, MaxWHC, CWHC, BD, TCP, CP, and pH levels
were insensitive indicators.

HEDLBEDMHEG, REEGEHAIBLE
PHAEAEE, PELD. RAELD o TED L, MK
A 3GLEBERIGUBHEDURDH T, BEAEL S
BEDBIE; Athes, Gk, 245, Dinhiohhes®d
PEEDBIEH; BEBIBAE., BirAeiss. FXA.
GG, TAE. Q4REEE. £, £, CaCO;s 4o
CEC A& iti; £IBKE. BAHBAKE. £%
BAB. FE. BIBAE. EEIEE4 pH HT&D
k17,

4L
ESS

Table 3
Sensitivity classifications of soil quality indicat ors
Sensitivity [(% Soil quality indicators
Highly sensitive =100 None
Moderately sensitive 40-100 SA, AP, TN, SOM, UA
Poorly sensitive 10-40 NCP., APA., AN, AK, SWC, CA, TP, TK, CaCOs;, CEC
Insensitive <10 MinWHC, MaxWHC, CWC, BD, TCP, CP, pH

Microtopography-oriented soil quality factors

In this study, 22 soil physicochemistry and biological
parameters were used as the initial indicators of soil
quality assessment. In the principal component analysis,
the principal components were selected by considering the
eigenvalues (>1) and cumulative contribution (>85%).
There are seven principal components with a cumulative

gL EFOF
ABAEIRT BB LAEPIR, WFidH5EHG
22 B IEHG KR GG, WDERD> DG 0
AT 1inBHA4FE AT BBNERIARD. b& 4
G, T 2m»>Bi B FI4E 86%, %99 7 ik
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contribution close to 86% (Table 4). These seven
independent principal components thus can explain nearly
86% of the total variability in soil quality, satisfying the
requirement for information extraction. PA1 (35.11%) had
factor loadings >0.8 for SOM, AN, SA, pH (negative
loading), and UA levels, and >0.7 for TN level; all these
indicators were highly significantly correlated with SOM.
Thus, PA1 was assigned to a SOM factor. PA2 (12.95%)
had factor loadings >0.8 for Max\WHC and BD (negative
loading), and >0.7 for CWHC and MinWHC. These
indicators all related to soil WHC. Thus, PA2 was defined
as a WHC factor. PA3 (12.71%) had greater factor
loadings for TP (>0.8) and CaCOs levels (>0.7). Because
TP and CaCOs3 levels are strongly correlated, PA3 was
assigned to a TP factor. PA4 had relatively high factor
loadings for strongly correlated TK and APA levels. Thus,
PA4 was assigned to a TK factor. PA5 had relatively high
factor loading for SWC and thus was defined as an SWC
factor. PA6 had relatively high factor loading for CP, thus
was defined as a CP factor. PA7 had a relatively high
factor loading for AP level, thus was defined as an AP
factor.

INMATEH — Agricubtusal Engineering
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Table 4
Variance rotation matrix, contribution percentages, and weights of the initial indicators used
for microtopography-oriented soil quality assessmen t
Assessment indicator Principal component Communality Weight
1 2 3 4 5 6 7
SOM 0.863 | 0.285 | 0.290 | -0.157 | 0.210 | -0.098 | -0.083 0.896 0.047
AN 0.859 0.326 0.170 0.036 | -0.068 | 0.000 | -0.053 0.882 0.047
SA 0.844 0.218 | -0.136 | 0.207 | -0.159 | 0.055 | -0.079 0.855 0.045
pH -0.829 | -0.035 | 0.045 0.069 | -0.207 | 0.098 | -0.160 0.773 0.041
UA 0.819 0.314 | -0.016 | 0.288 | -0.149 | -0.125 | -0.153 0.914 0.048
CP -0.014 | 0.246 | -0.021 | -0.226 | 0.108 0.870 0.216 0.928 0.049
TCP 0.318 | 0.673 | -0.232 | -0.004 | 0.031 | -0.028 | 0.455 0.816 0.043
SWC -0.063 | -0.166 | 0.031 | 0.006 | 0.921 | 0.130 | 0.048 0.900 0.048
MinWHC -0.032 | 0.739 | 0.186 | 0.342 | 0.255 | 0.312 | -0.296 0.949 0.050
AP 0.049 | -0.121 | 0.238 | -0.004 | -0.011 | -0.153 | -0.858 0.834 0.044
AK 0.150 | 0.214 | 0.640 | 0.035 | 0.423 | 0.199 | -0.274 0.773 0.041
NCP 0.326 | 0.522 | -0.202 | 0.099 | -0.118 | -0.528 | 0.420 0.899 0.048
TN 0.753 0.198 0.176 | -0.308 | 0.028 0.167 0.320 0.863 0.046
TP 0.051 | -0.196 | 0.824 0.101 0.078 0.110 | -0.090 0.756 0.040
TK -0.119 | 0.130 0.176 0.845 0.080 | -0.325 | -0.038 0.890 0.047
BD -0.414 | -0.822 | -0.062 | -0.112 | 0.097 0.028 0.005 0.873 0.046
CEC 0.266 0.285 0.000 | -0.438 | 0.630 | -0.065 | -0.033 0.745 0.039
CaCOg; -0.127 | -0.127 | -0.732 | -0.010 | 0.340 0.376 0.098 0.834 0.044
CwC 0.319 | 0.778 | 0.066 | -0.064 | -0.041 | 0.476 | 0.115 0.958 0.051
APA 0.369 | 0.167 | -0.023 | 0.725 | -0.306 | 0.034 | 0.086 0.793 0.042
CA 0.602 | 0.201 | 0.311 | 0.109 | 0.096 | 0.299 | 0.410 0.778 0.041
MaxWHC 0.424 | 0.854 | -0.072 | 0.050 | -0.061 | -0.026 | 0.256 0.986 0.052
Eigenvalue 7.72 2.85 2.80 2.07 1.33 1.12 1.01
Variance [%] 35.11 | 12.95 | 12.71 9.39 6.03 5.08 4.61
Cumulative [%)] 35.11 48.06 60.76 70.15 76.18 81.27 85.88
Microtopography-oriented soil quality assessment B bH LB EFEGHE

indicators

Non-significant factors were successively eliminated

EFREE@RADBEELYNE—LTBEBDF, 542407 :

through stepwise regression as follows:

¥eou factor = —6.274 + 3.938%, + 0.032X, 4 0.820X; + £.158%, +4.252%; 4)

F = 466.269", Df = (5, 25), and Ra = 0.994 (adjusted
correlation coefficient)
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where: X3 = TN, X2 = AN, X3 = pH, X4 = SA, and Xs = UA;
the partial correlation coefficients of X; to Xs were 0.545
(p = 0.0016), 0.139 (p = 0.4892), 0.069 (p = 0.7320), 0.
659 (p = 0.0003), and 0.665 (p = 0.0001), respectively.
These results show that to the SOM factor, TN, SA, and
UA had a greater contribution than the remaining two
indicators.

Vipse factor = —28:501 +0.359%, — 0.327X; + 3.960X;

F = 384.2417, Df = (3, 27), Ra =
correlation coefficient)

where: X; = BD, X = MinWHC, and X3 = CWHC; the
partial correlation coefficients of X; to X3 were 0.350 (p
=0.069), -0.387 (p = 0.077), and 0.625 (p = 0.0003),
respectively. These results demonstrate that among the
WHC factors, CWHC made a greater contribution than
the remaining two indicators.

0.987 (adjusted

¥re factor = —0.1402 + 0.004F,

F = 174.302", Df = (1, 29), Ra = 0.923 (adjusted
correlation coefficient)

where: X; = CaCOg, and the partial correlation coefficient
of X1 was 0.925 (p = 0.0001). Thus, CaCOs was the
greatest contributor to the indicators of the TP factor.

Vrg facror = 9318+ 0.183X,

F =80.601", Df = (1, 29), Ra = 0.851 (adjusted correlation
coefficient)

where: X; = APA, and the partial correlation coefficient of
X1 was 0.856 (p = 0.0001). Thus, APA was the major
contributor to the indicators of the TK factor.

DISCUSSION

The variability of soil quality indicators reflects the
environmental sensitivity of soil properties. Thus, coefficients
of variation can be used for sensitivity classification of
microtopography-oriented soil quality assessment indicators in
semiarid regions of the Loess Plateau. The present results
show that SA, AP, TN, SOM and UA levels are moderately
sensitive indicators for soil quality assessment, which are
the major objectives of soil quality restoration and
regulation. Here, soil biological parameters demonstrate
great potential for use as soil quality assessment
indicators. Being affected by the uniform texture of the
loess parent materials, soil quality assessment indicators
used in this study have low or no sensitivity. Over-high
sensitivity of soil quality assessment indicators is not
conducive to comprehensive assessment of soil quality
and development of appropriate measures for agricultural
soil management. For microtopography-oriented quantitative
assessment of agricultural soil quality in the loess region of
northern Shaanxi, it is recommended that moderately
sensitive and some poorly sensitive indicators are selected
but insensitive indicators are eliminated.

According to the results of the principal component analysis
and stepwise regression combined with the correlations
and sensitivity grades of the soil parameters, nine optimal
indicators suitable for microtopography-oriented soil quality
assessment in semiarid regions of the Loess Plateau were
screened out including SOM, TN, SA, UA, AP, TP, CaCOs,
APA and TK levels. Of these, SOM is the key indicator for
characterizing soil quality in diverse microtopographic units
in semiarid regions of the Loess Plateau.

INMATEH — v4¢ziculta:al é_nﬂ eeting
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CONCLUSIONS

This study is the first to investigate microtopography-
oriented soil quality assessment indicators in semiarid
regions of the Loess Plateau. Results show that the levels
of sucrase activity, available phosphorus, total nitrogen,
soil organic matter, and urease activity were moderately
sensitive indicators for microtopography-oriented soil quality
assessment, which are the major objectives of soil quality
restoration and regulation in the study area. Soil biological
parameters are moderately to poorly sensitive indicators
that have great potential for use in microtopography-
oriented soil quality assessment. Therefore, potential soll
functions can be fully played as long as rational measures
are implemented for conservation of agricultural soils,
improvement of soil structure, and promotion of soll
microbial activities. For the quantitative assessment of soll
quality in the study area, it is recommended that moderately
sensitive indicators and some poorly sensitive indicators
are selected, with insensitive indicators eliminated.
This study identifies optimal indicators(SOM, TN, SA, UA,
AP, TP, CaCOs;, APA, and TK) for microtopography-
oriented soil quality assessment in semiarid regions of the
Loess Plateau through stepwise regression and principal
component analysis combined with correlation analysis of
selected soil parameters and sensitivity analysis of soil
quality indicators. The work lays a solid foundation for
future microtopography-oriented vegetation allocation and
ecological construction and provides a reference for
conservation of agricultural soils, improvement of low-yield
farmlands, and guidance of agricultural production
according to local conditions in semiarid loess regions.
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Abstract: This paper studied the non-point source pollution
type of Meijiadu Village, Gaocheng Town, Yixing City,
Taihu Basin, analyzed the process of rainfall-runoff
producing- pollution producing of two main runoff pollution
sources in the rural area, -calculated the mean
concentrations of the different rainfall events. Based on
local living conditions and poultry farming methods, the
runoff pollution characteristics and the influencing factors
were analyzed. Besides, a biological detention pond
technology suitable for treating runoff pollution under rural
conditions was proposed. The results show: The event
mean concentrations of these two polluted areas differed
significantly; within the same rainfall, the runoff peak
occurred 0.6-1.1 h later than rainfall intensity did, and the
concentration was also changed along with the runoff
process. However, at different rainfall intensities, the loss
law of the pollutants was similar. The concentration of
runoff pollution reached the peak within the first 10 min, but
the water quality became stable after the stabilization of the
runoff. Therefore, the concentration of runoff pollution was
affected by rainfall intensity, rainfall duration, poultry scale,
human activities, surrounding soil properties and many
other factors.

Keywords: rural runoff; free-ranging poultry; outdoor septic tank

INTRODUCTION

Water environmental problems of Lake Taihu are mainly
endangered by runoff pollution coming from agricultural
production, living of residents and poultry farming, etc. [1].
The clumsy life patterns and inadequate understanding of
water-use have increasingly overburdened the aquatic
system. The obsolete construction of relevant
environmental facilities has rapidly degraded the aquatic
system in rural areas. Besides, the aquatic system in small
towns is prone to eutrophication that is characterized by the
increment of organisms, nitrogen and phosphorus [2].
Particularly, runoff pollution is the main factor of rural non-
point source pollution [21]. Rainfall runoff pollution refers to
the water environment pollution in surface and underground
water, which is caused by the diffusible entrance of
pollutants in the atmosphere, ground and the soil under the
leaching and scouring effect of rainfall runoff. In particular,
the chemical fertilizers and pesticides used in agricultural
production contribute the most to such pollution [3].
Currently, the urban runoff water quality [4; 5] and rural
farmland surface runoff [6] have been studied extensively,
while the runoffs of typical residential villages have seldom
been referred.

In this study, typical runoff pollution sources in the study
area were interviewed and investigated. The runoffs of
poultry farming area and outdoor septic tank were
determined as two major point source (PS) pollutions of
typical rural pollutions. Their pollutants entered the river
along with the rainfall runoff and polluted the rural water
seriously. Meanwhile, a method for synchronization
detection of rainfall- runoff producing- pollution producing
was employed to clarify the runoff pollution characteristics
and laws. Besides, a bhiological and ecological treatment
technology- biological detention pond technology- suitable
for treating runoff pollutions under rural living conditions
was proposed [7; 8].
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MATERIALS AND METHODS
Area overview and study object

Meijiadu Village, Yixing City is located in the west of
Gaocheng Town of the 5 square kilometers area and 580
households in total. There are about 244 scattered small-
scale poultry farming households that mainly breed
chickens and ducks using free-ranging raising pattern, so
the poultry manure cannot be easily collected. The barns
are mainly classified into open shed type, simple brick-
concrete style and simple wooden assembling type. All of
them do not have cushion bedding or manure collection
facilities. Hence, the poultry manure pollutants flow to the
river directly along with the runoff, thus becoming one of
the important pollution sources in rural rivers. In addition,
80% of local farmers have septic tanks, of which 20% are
open ones. The manure in open septic tanks flows into
ditches and ponds along with the rainfall runoff and
eventually into the rivers, thus polluting the water
environmental quality seriously and damaging the living
environment of villagers.

Based on the local runoff pollution characteristics,
poultry farming area and open septic tank as the typical
runoff pollution were selected to do the runoff pollution
detection, and TN, TP, COD and NH,'-N are the major
indicators.

Sample collection and analysis

Within the catchment area of the study area, there are
two sampling sites. Since the areas were not frequently
cleaned, the surroundings of the open shed type hennery
and the septic tank were cleaned to remove the large
floating debris and fodders in the early period of rainfall to
minimize the effects of the outside factors. During rainfall,
synchronous sampling was collected in two sampling sites.
To ensure complete detection of rainfall- runoff producing-
pollution producing process, the samples were collected at
0-5 min, 5-10 min, 10-15 min, 15-30 min, 30-45 min and
45-60 min respectively within 60 min from runoff formation
to stabilization. Since sampling sites had high particle
contents at the bottom, the surface runoff samples were
obtained by a glass syringe, and then injected into 500 ml
polyethylene bottles. Each sample was filled fully in the
bottle without air so as not to affect the monitoring.
Meanwhile, a measuring cylinder was also placed in the
area during sampling, within which the runoff volume was
recorded hourly. After sampling, water samples were sent
back to the laboratory for analyses. Monitoring indicators
included TN, TP, COD, and NH,4"-N

The fourth edition of the National Standard Sample
Monitoring Method was employed for sample analyses [9].
The pollution degree was determined by comparing the
concentrations of various pollutants and the ninth category
of water standards in GB-3838-2002 Quality Standard of

INMATEH — v4¢ziculta:al é_nﬂ eeting

H# 5%

tb BRI R AT B
BL2FHEENCITIERGRET, 5D 5F52 2

, 8 580 7. B E%GOREHEBPH 244 F, B

DHERBEX, v’ bHE, REBLY, F£L£675H

B, MEHLEIZHFRERAMX, & et

XD PARBHERNZE, WZLEFEMEDLLE

WadE@iibitk, L@ 40whGiEbEN
ROERKDLERBBELBLZ—, B,
RPEBWESE, B 20%0HFEZREG,
CEBBBFTOIREZLAEND LR, RAENTE,
PEBLANEEEQUANTHRGEETE,
RBFELWZLS ERTIELBYZEBZLOE
BHAEACIBERE LS BB EZABLEEY, 2B6
% TN, TP. COD. NH4+-N,

% & 80%

=
9,

EEWE

& 955,

FEu £ 5047
Z’!mC@UC«i@%"}i% nNEX: XM @5&63{@@%
IR, BB e Zihsbiae 5B L, 2B

FOPHAXEAMXLEEDE S F,
B3HEEMHB;

Yok G5 A
1% ® d4e
PHNBITABLESOSRGE, HBaESEEOL
4, CZLERDEZLBE
%98 0-5 544, 5-10 »44, 10-15 44, 15-

WEibzEEG IiHn,
Wl H-Fih-F5 A 4 60
>4 hH,
0 >4%, 30-45 244, 45-60 >4+ £ 6 103 ©) & b IfF,
OIRBERDPREZHETEE, REGEDNBBEHE
BIRAEZZEE, AXNDE00M K %4, BHLBT
2 V. B O EESHLEED

& B R RE, BAGE
@FEEE DM, BRIEHES % TN, TP, COD. NHA+N,
BESHODZDDEGEEOREE LS ][9],
%ivﬂ” # ka5 GB-3838-2002 ( ek ks B E 15

2%, YR EHBED
- 0

vjje— LB G h %L,

Surface Water Environment. ) FREAGEH LT L5 S42E,
Table 1
Water Quality Testing Methods
Water quality index Analysis method
COD Potassium dichromate
TP Potassium persulfate digestion - spectrophotometry
TN Alkaline potassium persulfate digestion - UV spectrophotometry
NH,"-N Nessler reagent spectrophotometry

Rainfall characteristics

There were four rainfalls occurred during this study,
mostly in the evening, and lasted 6-14 hours. The
rainfall capacity changed significantly from 5.6 mm to
27.3 mm at the 12th hour. In the selected area, the
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runoff formation time was postponed by 40-210 min
owing to rainfall collection area and rainfall intensity.
The characteristic data of the four rainfalls are shown
in Table 2.
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Table 2

Characteristic data of four rainfalls

Rainfall session Rainfall time Runoff formation ti me End time Accurgjl:]lst/e::rcri"rﬁa;nfall

2013-03-01(3301) 01:30 02:10 07:05 5.6

2013-03-22(3322) 01:40 03:00 07:15 27.3

2013-03-23(3323) 16:45 20:15 23:20 8.2

2013-04-06(3406) 13:10 15:20 05:50 17.6
Calculation of quantitative index 2R GGHE.

Since the pollutant concentration changes in a rainfall,
when study runoff water quality, the event mean
concentration (EMCs) from rainfall runoff [10] is mostly
utilized to calculate the pollution degree of a rainfall and to
compare horizontally. EMCs, as the ratio of total
pollutants amount to that of runoff, can be calculated as
equation (1).

(Yalt)dt > p(t)a(t)

bF—ABHEF B LHORER GRG, (IR AEZLKE
of, BERBE® FtHA[10] (EMCs) 4 B — 38 %6975 &
R B BB EGs, EMCs #3492 854486t
@, 982X (1) 4%,

L~
PEMCs=M =%

\Y,

Where PEMCs is the rainfall mean concentration
(mg/L), M is the total pollutants amount produced in the
rainfall events (mg), V is the rainfall runoff amount (L),
po(t) is the pollutants mass concentration changed over

time (mg/L), q(t) is the flow changed over time (mh),

and t is the runoff duration (h).

As shown in Table 3, the mean concentration of
3323 is higher than that of 3406, while the value of 3301
exceeds that of 3323. Therefore, EMC was related to
the rainfall capacity and the number of sunny days in
early period, because the accumulated fallout and
stacked poultry excrement were located on the surface
in the long-sunny-day areas. In the meantime, the
poultry wastewater accumulated on the soil surface of
rural area over time. Intense rainfall affected the organic
pollutants in soil and the surface particles, leading to
more severe pollution of water quality in the initial runoff
period. As suggested by the COD values, the two

J'OTq(t)dt ) > qlt)

1)

X%, PEMCs #% & FthA(Mg/L); M %% & % 4
b EABLmoEEMY); V 2BsZLEL); o) %
ot @) & ers ek B AMmaL); () Brede &
@iz B(Mh); t %2443 03 @(h).

b# 34, thiz 3323 Fthit A ekt 3406 FH A
i thik 3301 cbtpiz 3323 FH A A, TmF G Fthit
AoBmRitNBAKDE, C22R0FHNBAK
kéreb@in B BB U OEENEHEEREE,
DEEGFEAGRPNEStEAEZR IO~ E. BFUHAE
A0Sk LB PRI ING L sphoh EHAL G KL
B LKBELKE, dCOD @I smdBiREEDD M

studied regions were subject to severe organic
pollution. FLBYFE,
Table 3
Event mean concentrations (EMCs) of different sampl  ing sites (EMCs)

Rainfall Rainfall Poultry farming area (mg/L) Surroundings of septic tanks (mg/L) Number of
session time TN TP COD NH,"-N TN TP COD NH,"-N sunny days
1(3301) 2013-03-01 7.8 4.3 267 3.2 8.4 3.1 260 2.9 30
2(3322) 2013-03-22 12.5 5.4 240 4.6 11.6 4.3 271 3.2 21
3(3323) 2013-03-23 9.4 4.9 120 3.1 9.1 3.2 120 2.7 1
4(3406) 2013-04-06 10.3 5.0 220 3.2 10 35 255 3.1 14

RESULTS AND DISCUSSIONS R RONH

Water quality changes of rainfall BaerEER

1) Rainfall - runoff changes

Heavy rainfall event on March 22, 2013 and moderate
rainfall event on April 06, 2013 were selected to analyze
the rainfall change trend. The runoff volume in the rainfall
was calculated according to the hourly flow of rainfall into
the cylinder. As presented in Figure 1 and Figure 2, the
runoff lagged 0.6-1.1 hours behind rainfall. When the
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rainfall capacity exceeded 1 mm, runoff formed in the
investigated area, with its volume increasing first and then
decreasing. Rainfall capacity and runoff volume changed
in the same way.
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b U
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— m— Runoff/7& i i +— Precipitation/B#§j i

Fig. 1- Runoff duration curve on March 22, 2013

After the formation of runoff, every runoff in poultry
farming area and septic tank behind the house was
sampled at different times to get 6 samples. These
samples were examined in the laboratory to analyze the
runoff water quality changes of TN, TP, COD, and NH."-N
2) Runoff water quality changes of septic tanks

Rural septic tanks are featured with low rate of
harmless manure treatment and poor health status. The
environment of most toilets is poor. Without harmless
treatment, the environment is polluted directly by fecal
residues that are accumulated for a long time and
discharged arbitrarily. When raining, the pollutants flow
into the surrounding rivers along with runoff, and pollute
water quality severely [11]. Owing to the difficulty of
sampling, the samples were actually collected 20 meters
away from the outlet of runoff, and the test data are
shown in Figure 3 - Figure 6.
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Fig. 3- Rainfall runoff water quality changes in septic tanks
on March 22, 2013

At two different rainfall intensities, each index
decreased with extended time (Figure 3 and Figure 4).
The water quality changed significantly during the first
20 min and then stabilized. The rainfall of 3322
changed significantly within the first 20 min, indicating
that the particles were obviously impacted by the
rainfall. Probably, TN concentration decreased before
rising while TP concentration dropped steadily owing to
the dilution of runoff. COD content decreased over time
in the heavy rainfall but fluctuated throughout little
rainfall.
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Fig. 4 - Rainfall runoff water quality changes in septic tanks
on April 6, 2013
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3) Runoff water quality changes in poultry farming area

The studied poultry farming area has bred 10
chickens and 4 ducks in the main form of open shed free-
ranging, and ducks are placed in the pond next to the
hennery. The runoff flowed through the hennery to the
pond, so the runoff at the exit of pond was selected. The
surface water was sampled due to considerable
impurities at the bottom of the pond.
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Fig. 5- Rainfall runoff water quality changes in poultry farming
area on March 22, 2013

As exhibited in Figure 5 and 6, all pollution-related
indices in poultry farming areas and septic tank areas
decrease over rainfall time in the same way. The
difference between various rainfalls affected TP more
evidently. Phosphorus mostly adhered to small particles.
Upon heavy rainfall, the surrounding soils were scoured
and the TP contents changed. In the case of little rainfall,
TP concentration in the poultry area was higher than that
in the septic tank area, probably because the soils
surrounding the poultry area were less firm.

TN concentrations in both detection areas changed in
the same pattern of “V’-type, being consistent with the
results reported by Su et al. [12]. The low ammonia
proportion in the process may be attributed to the low
contents of DO and oxygen as well as unobvious
nitrification in wastewater. Based on the outcomes of the
two rainfalls, the number of sunny days in early period
and the rainfall intensity exerted significant effects on
water quality, especially on TP and COD.

Effects of runoff water quality features

(1) Functional areas and rainfall intensity

The rainfall in 3322 was selected for analysis. This
rainfall lasted for 12 hours with the capacity of 27.3 mm,
accompanied by obvious runoff and serious particle
scouring. The runoff water qualities in poultry farming
area and open septic tank area were compared as the
following figures.
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Fig. 6- Runoff water quality changes in poultry farming area
on April 6, 2013
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Fig. 7 - Water quality comparison of different functional areas

Within the catchment area, runoff water quality in
different functional areas was controlled by soil
properties. Both catchment areas in poultry area and
septic tank area were manure-containing rains, so the
water qualities of two functional areas were similar.
Figure 7 shows that TN, TP and NH4"-N concentrations in
poultry farming area are all higher than those in septic
tank area at the same rainfall intensity, while the COD
concentration is lower. The results can mainly be
ascribed to the higher organic contents of human feces
compared to poultry feces. Phosphorus is produced as a
non-point source pollutant by a very complex process,
and it is subject to the combined effects of rainfall
process (rainfall type, intensity and duration) and the
underlying surface factors (topography, landform,
chemical and physical conditions of the soil, and
agricultural time measures, etc.) [13]. The phosphorus
concentration in poultry area was higher because
phosphorus compounds were generally adsorbed on
particulate matters. However, the loose soils around the
poultry area rendered them easily to be washed out by
the runoff. As shown in Figure 8, in the same functional
area, all pollution indices at heavy rainfall intensity are
larger than those at small rainfall intensity, suggesting the
impact of rainfall scouring is greater than that of dilution.
The influence of rainfall duration remains unclear.

(2) Different times

As evidenced by the detected values, the difference
between the pollutant concentrations in initial runoff and
later runoff was not significant. The pollution value was
high within the first 10 min, but total nitrogen increased
slightly in the late period. Overall, each index only
decreased a little over time. The highest concentrations
all appeared before the runoff peaks.
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Rural runoff treatment technology

The traditional rural rainwater drain method of
overflowing anywhere has many drawbacks. Rainwater
runoff management measure has been widely studied to
meet multiple benefits of environment, ecology and
economy, which is one of the problems that rural runoff
encounters.

Rural surface source pollution has been well treated
by constructed wetlands [14-15], with the removal rates
of NHs™-N, TN and TP being higher than 80%. Slope
buffer zone can also improve the river water quality in
stagnant runoff pollution effectively [16]. Rainwater
storage tanks, shallow trench and ponds of vegetation
[17], and multiple BMPs ecological processing have been
widely used to handle runoff pollution in rural areas, of
which biological detention pond is a novel, eligible runoff
treatment technology. It has been successfully applied to
treat runoff pollutants [18-20]. According to rural land
conditions and soil properties, runoff pollution can be
feasibly treated by biological and ecological approach.
Especially, combined ecological processing technology
has been proposed for runoff pollution disposal in poultry
farming sites and areas next to the improved septic tank.
This technology costs a little for running, but it can
significantly improve water quality by partial reuse of
treated water and by supplementing the residual into the
groundwater.

CONCLUSIONS

(1) At different rainfall intensities, runoff formations
were delayed by 40-210 min. Runoff formed in the survey
area when precipitation exceeded 1 mm;

(2) The runoff and precipitation changed similarly:
both increased first and then decreased;

(3) Water qualities in poultry farming site and septic
tank area both changed in the TN's “V"-type pattern, with
low ammonia proportions. TP and COD fluctuated less
after the stabilization of runoff. At the same rainfall
intensity, TP concentration in poultry area was higher
than that in septic tank area;

(4) The pollution value was highest within the first 10
min before runoff formation and the water quality
concentration decreased after stabilization. Both of their
values were lower than the initial ones.
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INFLUENCE OF BLENDING CONDITIONS ON MORPHOLOGY AND RESISTANCE AT IMPACT
OF TERNARY BIOPOLYMERS BLENDS OF PLA/PBAT/PA
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Abstract: Bioplastics (defined either as bio-based or
biodegradable), automotive industry and agriculture are
closely connected. On one side, renewable resources
from agriculture are basic feedstock for bioplastics
manufacturing. On the other side, products made from
bioplastic materials have many applications in
agriculture, in packaging for food industry, in construction
and in automotive industry. |If bioplastics are
biodegradable, the life cycle can be closed by degrading
them in industrial or home composters. The purpose of
the work was to explore the relationship between the
composition of a ternary bioplastic blends and its
mechanical properties. Three polymers were used, PLA,
PBAT and PA. PLA (polylactide) is a bio-based polymer
produced by Nature Works, designed for injection
moulding applications. PBAT (ecoflex F BX 7011) is an
oil-based, biodegradable polymer designed for film
extrusion and extrusion coating, produced by BASF. PA
(platamid HX 2656) is a bio-based polymer produced by
ARKEMA, designed to be used in textile industry, for
adhesives and coatings. Relationship between blend
composition, morphology and impact strength will be
given.

Keywords: bio polymers, ternary blend, blending
conditions, morphology, resistance at impact

INTRODUCTION

Biopolymers represent an area where biodegradability
would be a tremendous asset to a variety of casings
elements, insulation and packaging products. Starch, it's
a key component of these renewable raw materials and
is becoming an increasingly important input to activities
outside the food industry due to the variety of ways in
which it can be modified to find applications in industry.

Biopolymer blending is a convenient and attractive
route for obtaining new biopolymer materials with great
proprieties, adapted to different applications. Making a
parallel between the developments of a new biopolymer,
making blends of currently available biopolymers offers
significant savings in time and cost, and the blend
properties may be tuned by changing the composition [4,
7]. Therefore, achieving compatibilization of immiscible
polymer blends it was a long-standing academic and
technological challenge.

In the last period, despite of the very large number of
studies on the compatibilization of binary biopolymer
blends, some studies have considered ternary or multi-
component biopolymer blends [8,10].

MATERIAL AND METHOD

The material used in this experiment was PLA polymer
3051D (polylactide) produced by Nature Works [2],
PBAT (ecoflex F BX 7011) produced by BASF [1] and PA
(platamid) produced by ARKEMA. The characteristics of PLA
3051D, supplied by Nature Works are shown in table 1.

PLA (polylactide) polymer 3051D is designed for injection
moulding applications where the requirements are clarity

Rezumat: Bioplasticele (definite fie ca si bio-ecologice
sau biodegradabile), industria auto si agricultura sunt
strans legate. Pe de o parte, resursele regenerabile din
agriculturd sunt materia prima de baza pentru fabricarea
maselor plastice biodegradabile. Pe de altd parte,
produsele fabricate din materiale bioplastice au multe
aplicafii in agriculturd, in domeniul ambalajelor pentru
industria alimentard, in construcfii si in industria auto.
Dacé bioplasticele sunt biodegradabile, ciclul de viafa
poate fi inchis prin degradarea lor in compost industrial
sau casnic. Scopul lucrdrii a fost de a explora relafia
dintre compozifia unor amestecuri de bioplastic ternar gi
proprietéfile lor mecanice. Au fost folositi trei polimeri,
PLA, PBAT si PA. PLA (polilactidd) este un polimer pe
baz& bio produs de ,Nature Works”, destinat aplicafiilor
de turnare prin injecfie. PBAT (ecoFLEX F BX 7011) este
un polimer biodegradabil pe baza de ulei conceput pentru
extrudarea foliilor si acoperiri prin extrudare, produs de
BASF. PA (platamid HX 2656) este un polimer de origine
biogend, produs de ARKEMA, conceput pentru a fi
utilizat industria textild, de adezivi si pentru acoperiri. Va
fi stabilita relafia dintre compozifie amestecului,
morfologie si rezistenta la impact.

Cuvinte cheie: bio-polimer, amestec ternar, conditii de
amestecare, morfologie, rezistenta la impact

INTRODUCERE

Biopolimerii reprezinta un domeniu Tn care biodegradabilitatea
ar fi un atu extraordinar pentru o varietate de elemente de
Tnvelitori, izolantii si produse de ambalare. Amidonul, este o
componenta cheie a acestor materii prime regenerabile si
devine un input de o importanta crescanda in activitati din
afara industriei alimentare datorita varietatii modurilor in care
poate fi modificat pentru a-i gasi aplicatii in industrie.

Amestecul de biopolimeri este o cale atractiva si
convenabila pentru obtinerea de noi materiale biopolimerice
cu proprietati bune, adaptate la diferite aplicatii. Facand o
paraleld intre evolutia unui nou biopolimer, realizarea
amestecurilor de biopolimerilor disponibili Tn prezent,
ofera economii semnificative de timp si costuri, si
proprietatile amestecului poate fi reglate prin schimbarea
compozitiei [1, 2]. Prin urmare, realizarea compatibilizarii
amestecurilor de polimeri nemiscibil a fost o provocare
academica si tehnologica de lunga durata.

in ultima perioada, in ciuda unui numar foarte mare de
studii privind compatibilizare amestecurilor de biopolimeri
binare, unele studii au luat in considerare amestecuri de
biopolimeri ternare sau multi-component [4, 5].

MATERIAL S| METODA

Materialele folosite in acest experiment au fost polimerii:
PLA 3051D (polilactida), produs de ,Nature Works” [2],
PBAT (ecoFLEX F BX 7011), produs de BASF [1] si PA
(platamid) produse de Arkema. In tabelul 1 sunt prezentate
caracteristicile PLA 3051D, furnizat de ,Nature Works”.

Polimerul PLA (polilactidd) 3051D este destinat pentru aplicatii
de turnare prin injectie, caz in care cerintele sunt claritate cu
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with heat deflection temperatures lower than 55°C.

The variety of products made with PLA continues to
grow rapidly. Applications include cutlery, cups, plates,
saucers and outdoor parts.

The characteristics of PBAT (ecoflex F BX 7011)
used, supplied by BASF are shown in table 2.

PLA 3051D material proprieties /

INMATEH — Agricubtusal Engineering

temperaturi a deflectorului de caldura mai mici de 55° C.
Varietate de produse realizate din PLA continua sa
creasca rapid. Aplicatiile includ tacamuri, pahare, farfurii,
farfurioare si piese pentru activitati in aer liber.
Caracteristicile PBAT (ecoFLEX F BX 7011) utilizat,
furnizat de BASF sunt prezentate Tn tabelul 2.

Table 1/ Tabel 1
Proprietatile materialului PLA 3051D

Property/ Proprietate Value / Valoare Test Method / metoda testare
Density/ Densitate (g/cc) 1.25 ASTM D792
Melting Index/ Index topire
g,lOm?n (210°C/2.15Kgp) 10to 25 ASTM D1238
Melting Point/ Punct de topire, °C 200°C DSC
Relative Viscosity/ Vascozitate relativa (Pa-s) 3.0-3.5
Tensile Strength/ Rezistenta la rupere, (MPa) 48 ASTM D638
Elongation/ Intindere % 25 ASTM D638
Notched Impact/ Rezilienta, (J/m) 0.16 ASTM D256

PBAT (ecoflex F BX 7011) material proprieties /

Table 2 / Tabel 2
Proprietatile materialului PBAT (ecoflex FBX7011)

Property/ Proprietate Value / Valoare  Test Method / metoda testare
Density/ Densitate (g/cc) 1.25101.27 ASTM D792
Melting Index/ Index topire, g/10min (190°C/2.16Kg) 2.7t04.9 ASTM D1238
Melting Point/ Punct de topire, °C 110to 120 DSC
Tensile Strength/ Rezistenta la rupere, (MPa) 34 ASTM D638
Elongation/ Intindere % 700 ISO 527
Water Permeation Rate /Rata permeabilitate la apa, g/(m**d) 140 DIN 53122

Ecoflex F BX 7011 comes closer than any other
biodegradable plastic to the processing properties of a
classic polymer. A flexible plastic designed for film
extrusion and extrusion coating. Blown film extrusion is a
particular area where PBAT shows well-balanced
processing properties and the resin can be used in
extrusion coating applications.

The density of PA PLATAMID HX 2656 is 1.1 (g/cc),
having a melting point around 115-120 °C.

A laboratory internal mixer type Haake Rheomix R600
(Fig. 1) with mixing chamber volume of 50 cm® was use to
conduct the extrusions. Like we can see in the figure 1,
this extruder has two counter-rotates rotors and allows to
impose a tangential kneading type at a shear rate given.
This device can also measure the temperature of the
material and the engine torque exerted by the fluid on the
rotor blades.

Thermocouple

Fig. 1 - Internal mixer Haake Rheomix 600: (a)

Ecoflex F BX 7011 se apropie mai mult decéat orice alt
material plastic biodegradabil de proprietatile de prelucrare
ale unui polimer clasic. Un material plastic flexibil conceput
pentru extrudarea folillor si acoperire prin extrudare.
Extrudare foliilor prin suflare este o zona particulara unde
PBAT prezinta proprietati de prelucrare echilibrate si
ragina poate fi folosit in aplicatii de acoperire prin extrudare.

Densitatea PA PLATAMID HX 2656 este de 1,1 (g /
cc), si are punctul de topire in jurul valorii de 115-120 ° C.

Pentru a realiza extrusarea s-a folosit un amestecator
intern de laborator de tip Haake Rheomix R600 (Fig. 1),
cu volumul camerei de amestecare de 50 cm®. Asa cum
se poate observa in fig.1, acest extruder are doua rotoare
contra-rotative si permite impunerea unei malaxari
tangentiale la o viteza de forfecare data. Acest aparat
poate deasemenea masura si temperatura materialului si
cuplul motor exercitat de fluid pe paletele rotorului.

Naterials
feeding

Counter-
rotates rotors

mixing chamber, (b) Contra rotates rotors, profiles /

Amestecator intern Haake Rheomix 600: (a)camera de amestecare, (b) rotoare contra-rotative, profile
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The chamber of extruder was fed at 80 % from full
capacity. The experiments characteristics are:

e Experiment 1 - 60 % PLA / 20 % PBAT / 20 % PA —
temperature 180 °C, mixing time 12 min., rotation
speed 30 rot/min.;

e Experiment 2 - 60 % PLA / 20 % PBAT / 20 % PA —
temperature 180 °C, mixing time 12 min., rotation
speed 50 rot/min.;

e Experiment 3 - 60 % PLA / 20 % PBAT / 20 % PA —
temperature 180 °C, mixing time 12 min., rotation
speed 80 rot/min.;

e Experiment 4 - 60 % PLA / 20 % PBAT / 20 % PA —
temperature 180 °C, mixing time 12 min., rotation
speed 100 rot/min.;

e Experiment 5 - 60 % PLA / 20 % PBAT / 20 % PA —
temperature 170 °C, mixing time 12 min., rotation
speed 80 rot/min,;

e  Experiment 6 - 60 % PLA / 20 % PBAT / 20 % PA —
temperature 190 °C, mixing time 12 min., rotation
speed 80 rot/min.;

e  Experiment 7 - 60 % PLA / 20 % PBAT / 20 % PA —
temperature 180 °C, mixing time 20 min., rotation
speed 80 rot/min,;

e  Experiment 8 - 60 % PLA / 20 % PBAT / 20 % PA —
temperature 180 °C, mixing time 8 min., rotation
speed 80 rot/min.

Before blending all feeding material was dried in the
oven at 80 °C, minimum 4 hours. All blends was mixed 12
min. at 180 °C having a rotors speed of 80 rpm. After
blending, the material was collected in one use bags,
crushed in small pieces and formed in bars by
compression moulding. The compression moulding
process (Figure 2) was made at 180 °C for all bars.

From each blend were formed 3+4 bars. After that, each
bar was tested separately at resistance at impact. The
dimensions of the bars were 80 x 10 x 3 mm. The depth
under the notch of the specimen is 8 mm.

Electronic unit for
temperature control

INMATEH — Agricubtusal Engineering

Camera extruderului a fost alimentata la 80% din
capacitatea totala. Caracteristicile experimentelor sunt:

e« Experimentul 1 - 60% PLA / 20% PBAT / 20% PA -
temperatura 180 ° C, timp de amestecare 12 min,
viteza de rotatie 30 rot / min;

e Experimentul 2 - 60% PLA / 20% PBAT / 20% PA -
temperatura 180 ° C, timp de amestecare 12 min,
viteza de rotatie 50 rot / min.;

e« Experimentul 3 - 60% PLA / 20% PBAT / 20% PA -
temperatura 180 ° C, timp de amestecare 12 min,
viteza de rotatie 80 rot / min.;

Experimentul 4 -60% APL / 20% PBAT / 20% PA -
temperatura de 180 ° C, timp de amestecare 12 min,
viteza de rotatie de 100 rot / min.;

e« Experimentul 5 -60% PLA / 20% PBAT / 20% PA -
temperatura 170 ° C, timp de amestecare 12 min,
viteza de rotatie 80 rot / min.;

e Experimentul 6 -60% APL / 20% PBAT / 20% PA -
temperatura de 190 ° C, timp de amestecare 12 min,
viteza de rotatie de 80 rot / min..;

e Experimentul 7 -60% PLA / 20% PBAT / 20% PA -
temperatura 180 ° C, timp de amestecare 20 min,
viteza de rotatie 80 rot / min,.;

e Experimentul 8 -60% PLA / 20% PBAT / 20% PA -.
Temperatura 180 ° C, timp de amestecare 8 min,
viteza de rotatie 80 rot / min.

nainte de amestecarea toate materialele de alimentare s-
au uscat n cuptor la 80 ° C, minim 4 ore. Toate amestecurile
s-au amestecat 12 min. la 180 ° C cu o viteza a rotoarelor de
80 rpm. Dupa amestecare, materialul a fost colectat in saci,
zdrobit in bucati mici si modelat Tn bare prin formare prin
comprimare.Procesul de formare prin comprimare (figura 2),
a fost efectuata la 180 ° C pentru toate barele.

Din fiecare amestec s-au realizat 3-4 epruvete. Dupa
aceasta fiecare bara a fost testata separat, la rezistenta la
impact. Dimensiunile barelor au fost de 80 x 10 x 3 mm.
Adancimea desub crestatura a epruvetelor este de 8 mm.

Upper heated surface

= Inferior heated surface

Fig. 2 - Compression moulding machine used to form the test bars /
Masina de formare prin comprimare utilizata la realizarea barelor de testare

RESULTS

The determined parameter from resistance at impact
tests is impact strength according to 1ISO, expressed in
kJ/m?. Impact strength (noted Re)is calculated by
dividing impact energy, in J, by the area under the
notch. The machine used for determination of impact
strength is CESAT 9050 Impact Pendulum (Figure 3).
This machine is designed for determining the resilience
of thermoplastic materials to impact.
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REZULTATE

Parametrul determinat pentru testele de rezistenta la
impact este rezistenta la impact in conformitate cu ISO,
exprimata in kd/m?. Rezistenta la impact (notata Re) se
calculeaza prin Tmpartirea energiei de impact, in J, la
suprafata de sub crestatura. Masina folosita pentru determinarea
rezistentei la impact este CESAT 9050 Pendulum impact
(figura 3). Acest aparat este destinat determinarii capacitatii
de rezistenta a materialelor termoplastice la impact.
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Tests according to internationally recognized standards Testele de rezistenta la impact sunt in conformitate cu
belonging to Charpy, Izod, Pipe and tensile impact standardele recunoscute la nivel international apartinand
methods, ranging in energy from 0.5 - 50J. lui Charpy, lzod, Pipe, metodele de testare la impact,

avand un interval de varitie intre 0,5-50 J.

Fig 3. Resistance at impact testing machine CEAST9050 /
Echipament pentru testarea rezistentei la impact CEAST9050

A graphical interpretation of experimental data is O interpretare grafica a datelor experimentale este
presented in Figure 4, Figure 5, Figure 6. prezentata in figurile 4,5 si 6.
R, [KI/m ]
& -
,‘:_L M Extrusion 1
Y M Extrusion 2
o = Extrusion 3
l'»-
A
$H
S
q’.
Vv

hd Experiment 1 Experiment 2 Experiment 3 Experiment 4
Fig. 4 - Influence of rotation speed to the impact strength for studied blends /
Influenta vitezei de rotatie asupra rezistentei la impact perntru amestecurile studiate

From graphic representation from Figure 4 we can Din reprezentarea grafica din figura 4 se poate observa
observe that an increasing of rotation speed (up to 100 ca o crestere a vitezei de rotatie (de pana la 100 rpm) in
rpm) during the blending is benefic for obtaining a higher timpul amestecarii este benefica pentru a obtine proprietati de
resistance at impact proprieties. rezistenta la impact mai mare.

From graphic representation from Figure 5 we can Din reprezentarea grafica din figura 5 se observa ca
observe that the optimal temperature during the mixing is temperatura optima in timpul amestecarii este de la
at 180 °C. 180° C.

If we decrease the temperature value (170 °C, Daca reducem valoarea temperaturii (170°C,
Experiment 5) during the mixing we obtain smaller values Experiment 5) in timpul amestecarii se obtin valori mai
for resistance at impact. mici pentru rezistenta la impact.

If we use a higher temperature (190°C, Experiment 6) Daca folosim o temperatura mai mare (190°C,
during the mixing we can observe a decreasing of Experiment 6) in timpul amestecarii se poate observa o
resistance at impact values. scadere a valorii rezistentei la impact.
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R.[KJIm]
,"'J, 1 W Extrusion 1

M Extrusion 2

v M Extrusion 3

© -
hd Experiment 5

From graphic representation presented in Figure 6
we can observe that the optimal mixing time (using
internal mixer Haake Rheomix 600) is at 12 min. If we
use a smaller mixing time (8 min., Experiment 8), the
results for resistance at impact test are decreasing.
Same situation if we use a bigger mixing time (20 min.,
Experiment 7).

In parallel it was made a morphology study of the mixed
blends. The obtained morphology is presented in the
Figure 7.

R. [KJim]
'\:'b ] B Extrusion 1
“ B [xtrusion 2
fb'}
N = Extrusion 3

<

Experiment 7
Fig.6 - Influence of extrusion time to the impact strength for studied blends/
Influenta timpului de extrudare asupra rezistentei la impact a amestecurilor studiate

- ™
L b,
. h -
iy .‘
- 5
al‘
. .
4

Experiment 3
Fig. 5 - Influence of process temperature to the impact strength for studied blends /
Influenta temperaturii procesului asupra rezistentei la impact a amestecurilor studiate

Experiment 3
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Experiment 6

Din reprezentarea grafica prezentata in figura 6 se poate
observa ca timpul de amestecare optim (folosind mixerul
intern Haake Rheomix 600) este de 12 min. Daca folosim
un timp mai mic de amestecare (8 min., Experiment 8),
rezultatele pentru rezistenta la testul de impact sunt in
scadere. Apare aceeasi situatie daca folosim un timp de
amestecare mai mare (20 min., Experiment 7).

In paralel, s-a fost facut un studiu morfologia
amestecuri mixte.Morfologia obtinut este prezentatd in
figura 7.

Experiment 8

o - . — i
Fig. 7 - Photos with obtained morphology for 60% PLA / 20% PBAT / 20% PA (Experiment 3) /

Fotografii cu morfologia obtinuta pentru 60% PLA / 20% PBAT / 20% PA
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The samples for microscope observations were
prepared through cryo fracture by cooling in liquid azote,
after that deposit a thin layer of platinum on the studied
surface.

For microscope observation it was used ESEM laboratory
equipment ZEISS SUPRA 40 with GEMINI column. Another
used electronic microscope it was Philips XL30.

After all these experimental studies, we can say that
the best volume ratio for obtaining the best resistance
at impact, between PLA/PBAT/PA ternary blends is
60/20/20. The best resistance at impact is obtained in
case of Experiment 4 with 100 rpm, 180 °C during 12
min.

CONCLUSIONS

By combining three biopolymers, we can obtain a
biopolymer blend with new properties. By changing the
matrix volume ratio in the blend, we can obtain different
materials with different mechanical properties, adapted to
each application. In the present study, we used three
biodegradable polymers.

If the goal is to design a material with good mechanical
properties, an option is to use PLA as the matrix and PBAT
and PA as the inclusion. This leads to good impact
properties. To use, for example, this polymer blend to make
foil would require to increase the volume ratio of the PBAT
in the blend.

In general, to increase mechanical properties will
require adding compatible agents or a third component,
or both.
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Probele pentru observatii microscopice au fost preparate
prin metoda cryo fracture (racire in azot lichid la -180 °C si
fracturarea unei bucati de material), dupa care s-a depus un
strat subtire de platina pe suprafata studiata.

Pentru observarea microscop a fost folosit echipament
de laborator ESEM ZEISS SUPRA 40 cu coloana GEMINI.
Un alt microscop electronic folosit a fost Philips XL30.

Dupa toate aceste studii experimentale putem spune ca
cel mai bun raport de volum pentru a obtine cea mai buna
rezistenta la impact, intre amestecurile ternare PLA/PBAT/PA
este 60/20/20. Cea mai buna rezistenta la impact s-a
obtinut in cazul Experimentului 4 avand setata o turatie de
100 rpm, o temperatura de 180 ° C, timpul 12 min.

CONCLUZII

Prin combinarea a trei biopolimeri, putem obtine un amestec
biopolimerimeric cu proprietati noi. Prin schimbarea matricei
raportului volumelor in amestec, se pot obtine diferite
materiale cu proprietati mecanice diferite, adaptate pentru
fiecare aplicatie. in studiul de fata, am folosit trei polimeri
biodegradabili.

Daca scopul este de a obtine un material cu proprietati mecanice
bune, o optiune este sa se foloseasca PLA ca matrice si PBAT,
PA ca si incluziuni. Acest lucru conduce la obtinerea unor
proprietati de rezistenta la impact bune. Daca scopul este
de a utiliza, acest amestec de polimeri pentru a face folie, este
necesara cresterea raportului volumetric al PBAT in amestec.

n general, pentru a cregte proprietatile mecanice va fi
necesara adaugarea unor agenti de compatibilizare sau a
unui al treilea component, sau ambele.
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Abstract: In the paper is presented the technology of
obtaining pellets and agripellets used by INMA
Bucharest, aiming to determine the combustion

characteristics of products obtained by technology of
creating pellets and agripellets from agricultural and
forestry solid biomass and identify the best recipes.
Therefore, a number of 13 samples for analyses, as
different mixtures (recipes),and biomass sampling have
been submitted to laboratory analyses specific to solid
fuels, in order to establish the main characteristics,

which should allow the best recipes in terms of
combustion degree.
Keywords: biomass, agripellets, technology ,energy,

calorific power, mixture recipes

INTRODUCTION

Biomass represents the whole vegetal agricultural
production which can be converted in dfferent forms of
energy. The agricultural production comprises the principal
production and the secondary production.

Main agricultural vegetal production is converted to
bioalimentary energy and secondary agricultural vegetal
production represents the pricipal source of biomass to be
transformed in thermal energy [4].

According to European Union regulations, biomass
represents the biodegradable share of products and
wastes from agriculture, forestry and related industries, as
well as biodegradable fraction from municipal and
industrial wastes.

Main chemical composition of biomass is:

L] Iignin (C40H4406) =15 - 30 %;
- cellulose (CeH1005) = 40 — 45 %j;
- hemicellulose= 20-35 %.

Variation limits of the main three components are
determined by respective species. Cellulose long
polymers are used by plants for creating fibers, which offer
the plant solidity, and lignin acts as a binder for cellulose
fibers [2]. In order to manufacture the pellets the lignin
content has to be as high as possible. For a high caloric
power it is necessary that ratios O/C and H/C be as small
as possible [1].

The main agricultural secondary products to be
transformed in thermal energy as agripellets are [10], [11]:

- straw and straw cereals chaff (wheat, rye, barley,
two-row barley, rice and oat);

- corn stalks and kernels;

- sunflower and rape stalks;

- soy, green peas and beans stems;

- tendrils of vine ;

- fruit trees branches.

Production and distribution flow to consumer, for
producing and using pellets or briquettes (future
ecological renewable fuel), presented in figure 1 start
from vegetal biomass as raw material and comprises 9
phases up to fuel distribution and utilization by final
consumer. [8].

For preparing materials involved in technological
flux of manufacturing pellets and briquettes, the
material used is only as wood chips or agricultural
biomass chopped, all types of mobile or stationnary
choppers with disc or drum, as well as hammer mills
appropriate to grind humid matter being studied. At the
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Rezumat: Tn lucrare se prezintd tehnologia de obfinere a
peletelor si agripeletelor din cadrul INMA Bucuresti unde
s-a urmdrit determinarea caracteristicilor combustibilit&fii
produselor obfinute prin tehnologia de fabricare a pelefilor i
agripetilor din biomasa solidd agricold si forestierd, in
vederea identificarii celor mai bune refete. Astfel au fost
prelevate un numar de 13 probe pentru analize, in diferite
amestecuri (refete), iar esantioanele de probe din biomasé
au fost supuse analizelor de laborator specifice
combustibililor solizi in vederea stabilirii principalelor
caracteristici, care sd permitd alegerea celor mai bune
refete din punct de vedere al combustibilitatii.

Cuvinte cheie: biomasa, agripelete, tehnologie,energie.
putere caloricd, refete de amestec

INTRODUCERE

Biomasa exprima totalitatea productiei agricole
vegetale care poate fi convertita in diferite forme de
energie. Productia agicola este formata din productia
principala si din productia secundara.

Productia agricola vegetala principala este trasformata
in energie bioalimentara iar productia agricold vegetala
secundara constituie principala sursa de biomasa care
poate fi transformata de regula in energie termica [4].

Conform legislatiei Uniuni Europene, biomasa reprezinta
fractia biodegradabila a produselor si deseurilor din
agricultura, domeniul forestier si industrile conexe
acestora, precum si fractia biodegradabila din deseurile
municipale si cele industriale.

Compozitia chimica principala a biomasei este:

L] Iigniné (C40H440e) =15-30 %;
- celuloza (CeH1005) = 40 — 45 %;
- hemi-celuloza = 20-35 %.

Limitele de variatie a celor trei componente principale
sunt determinate de specie. Polimerii celulozei lungi sunt
folositi de catre plante pentru a construi fibrele care
confera plantei soliditate iar lignina actioneaza ca un liant
ce tine fibrele de celuloza legate [2]. Pentru fabricarea
peletilor continutul de lignind trebuie sa fie cat mai
mare.Pentru o putere calorifica ridicata este necesar ca
rapoartele O/C si H/C sa fie cat mai mici [1].

Principalele produse agricole secundare care pot fi transformate
n energie termica sub forma de agripelete sunt [10], [11]:

- paiele si pleava de cereale paioase (grau,
secara, orz, orzoica, orez si ovaz);

- tulpinile si ciocalai de porumb;

- tulpinile de floarea soarelui si de rapita;

- vrejii de soia, mazare si fasole;

- corzile de vita de vie;

- crengile de pomi fructiferi.

Fluxul de fabricatie si distributie la consumator, pentru
productia si utilizarea de peleti sau brichete (combustibilul
ecologic regenerabil al viitorului), prezentat In figura 1
porneste de la biomasa vegetala ca materie prima si
parcurge 9 faze péana la distribuirea si utilizarea acestor
combustibili de catre consumatorul final, [8].

Pentru pregatirea materialelor in fluxul tehnologic de fabricatie a
peletilor sau a brichetelor se utilizeaza materialul numai sub
forma de rumegus sau tocatura de biomasa agricola, studiindu-se
toate tipurile de tocatori cu disc sau cu tambur, mobile sau stationare,
precum si morile cu ciocane specifice pentru macinarea materialelor
umede, in vederea obtinerii granulatiei necesare pentru utilizarea
materialelor in fluxul de fabricatie. De asemenea au fost studiate i
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same time, rotative sieves and sorters designed not
only to sort but also to remove wastes tree bark, wood
and non-wood pieces present in forestry or agricultural
biomass, have been studied for obtaining a clean
matter chopped without impurities [5].

INMATEH — Agricubtusal Engineering

sitele rotative si sortatoarele dimensionale care pe langa
sortarea dimensionald, au si functia de Tindepartare a
deseurilor, cojilor de copac, bucatilor din materiale lemnoase si
nelemnoase existente In biomasa forestiera sau agricola Th
vederea obtinerii unei tocaturi curate si fara impuritati [5].

Forestry
Remnants (F.R.) R.F. 100%
! Restur! » Pellets
FORESTRY Forestiere (R F ) 1 Peleti T. 100%
BlOMASS | [ | -
FORESTIERA | ™ Paring () ¢ S0% /50%
Talas (T.)
Straws (S) F
Paie (P.)
BIOMASS FROM /
AGRICULTURAL Co(ggga}‘ks
CROPS | BIOMASA - AGRI-PELLETS
Cocent
CULTURI
AGRICOLE porumb () !/ AGRIPELET!
wegetal
rermnznts
(R /
Restur!
vegetaie (RY)
BIOMASS FROM
ENERGY CROPS/ Mizcanthus
BIOMASA CULTURI (M) /
ENERGETICE Miscanthus
(M)
LEGEND | LEGENDA:

RF - forestry remnants # resiuri forestiere; T - paring J taiag, M- miscanthus £ miscaniius,
P - straws / pale, € — corn stalks / cocent; RV - vegetal remnants / restun vegetakle

Fig. 1 —Technological flow for producing and distributing pellets / Fluxul tehnologic de fabricafie si distributie a pelefilor -

MATERIAL AND METHOD
For achieving pellets and agripellets, a technological

line designed and performed within INMA Bucharest has
been used. It comprises :

¢ pelleting equipment;

e dimesion sorter;

e belt conveyor;

e tilted conveyor with belt and dryer;

e hopper.
By means of pelleting equipment with rotating matrix,
pellets/agripellets can be achieved from agricultural and
forestry solid biomass, their length being able to be
adjusted within 10-30mm by means of adjustable knives.

Pelleting equipment (fig. 2) takes the material from
dimensional sorter and produces pellets of 6-8 mm
diameter, depending on their composition.

Dimensional sorter (fig. 3), is used to sort wood
granulous materials and vegetal wastes by two
dimensional fractions and to remove the wastes (trees
bark, wood and non-wood pieces).

[ 17 2 18 16 Is

MATERIAL S| METODA

Pentru realizarea peletelor si agripeletelor s-a utilizat o
linie tehnologica proiectatd si realizatd in cadrul INMA
Bucuresti, compusa din:

= echipament de peletizare;

= sortator dimensional;

= transportor cu banda;

= transportor inclinat cu banda si uscator;
*  buncar.

Cu ajutorul echipamentului de peletizare cu matrita
rotitoare, se pot realiza peleti / agripeleti din biomasa
solida agricola si forestiera a caror lungime se poate regla
n limitele 10 + 30 mm cu ajutorul unor cutite reglabile.

Echipamentul de peletizare (fig. 2) preia materialul de
la sortatorul domensional si realizeaza peleti cu diametrul
de 6-8 mm, functie de amestec

Sortatorul dimensional (fig. 3), este utilizat la sortarea
materialelor granuloase lemnoase si de resturi vegetale
pe doud fractii de dimensiuni si indepartarea degeurilor (cojilor
de copac, bucatilor din materiale lemnoase si nelemnoase).

I 1z s |

Fig. 2 — Pelleting equipment/ Echipamentul de peletizare - EP-0
1 - frame / cadru; 2 —support plate / placa suport; 3 - case / carcasd; 4 - shaft / arbore; 5 — evacuating rotor / rotor evacuare; 6 - cutting
rotor / rotor tdiere; 7 - mould / matrita; 8 - pressing assembly / ansamblu presare; 9 - special screw / surub special; 10 - leading cone /
con dirijare;11 - electrical installation / instalafie electrica; 12 — protection case / carcaséa protecfie; 13 — lubricating system / sistem de
gresare; 14 - evacuating spout / jgheab evacuare; 15 - dog clutch / cuplaj dinfat; 16 — gearmotor axle / ax motoreductor; 17 - gearmotor
support / suport motoreductor; 18 - gearmotor / motoreductor; 19 — electric installation / instalafie electrica
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Fig. 3 — Dimensional sorting equipment / Sortator dimensional SD 2630
1 - frame / cadru; 2 - circular sieve/sita circulard; 3 - feeder hopper / palnie alimentare; 4 —evacuating funnel / palnie de evacuare; 5 -
refusal funnel / palnia de evacuare refuzuri; 6 —separating wall/perete despaértitor; 7 — cleaning system / sistem de curdtat; 8 — support
plate / placa suport; 9 - strainer / intinzator; 10 - wheel / roaté I; 11 - wheel / roatd Il; 12 —evacuating funnel / painia de evacuare; 13 —gearmotor
assembly / ansamblu motoreductor; 14 — sorting axle sleeve / manson ax sortator; 15 — electric installation / instalafie electica

Belt conveyer TB 240 (fig. 4) is an equipment designed
to transport of agricultural and forestry biomass chopped
and sorted by size (or other similar materials in terms of
size, density, specific weight and close friction coefficient),
in buffer hoppers (for briquettage or pelleting operation) as
well as, directly into feeding hopper of pelleting press or
briquettes press.

Technological equipment designed to transport biomass
chopped to other technological equipment of technological
flow of manufacturing pellets/agripellets and assure
biomass drying is represented by tilted conveyor with belt
and dryer — TIBU (fig. 5).

Integrated technology of
agripellets is shown in figure 6.

obtaining pellets and

Transportorul cu bandd TB 240 (fig. 4) este un utilgj
destinat transportului biomasei agricole si forestiere tocata
si sortata dimensional (sau a altor materiale asemanatoare ca
marime, densitate, greutate specifica si coeficient de frecare
apropiat), in buncare tampon (pentru operatia de brichetare
sau pentru operatia de peletizare) precum si direct in péalnia
de alimentare a presei de peletizare sau a celei de brichetare.

Echipamentul tehnologic conceput sa realizeze transportarea
biomasei tocate catre alte echipamente tehnologice din
cadrul fluxului tehnologic de fabricare a peletilor / agripeletilor si
Sa asigure uscarea acesteia dupa necesitate, este reprezentat
de transportorul inclinat cu banda si uscéator — TIBU (fig. 5).

Tehnologia integratd de obtinere a peletelor si
agripeletelor este prezentata in figura 6.

9 16 13 7 14 R | 2 I 15 4 510 [ 12 g 17
Fig. 4 — Belt conveyor TB-240 / Transportor cu banda TB - 240
1 - Transporting assembly / ansamblu transportor; 2 — frame assembly / ansamblu cadru; 3 — feeding hopper / buncérul de alimentare; 4
- control panel / panou de comandd; 5 - frame/ cadru; 6, 7 — driving pulley / role de antrenare; 8, 9 - bearings / lagare; 10 — magnetic
separator / separator magnetic; 11 — transport belt / banda transportoare; 12 - gearmotor / motoreductor; 13 - handles / mantinele; 14 -
belt supporting assembly / ansamblu susfinere band&; 15 — hooking element / elementul de prindere; 16 — special screw / surub special;
17 - antirotation plate / placa antirotire

Fig.5 - Tilted conveyor with belt and dryer TIBU-0 / Transportor inclinat cu band& si uscétor TIBU- 0
1 - Transport assembly TIBU / ansamblu transportor TIBU; 2 — frame assembly / ansamblu cadru; 3 — hopper assembly / ansamblu
buncar; 4 - control panel / panou de comand&
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Fig. 6

In general, a classical/alternative solid fuel, including
biomass is made of:
0 organic mass;
0 anorganic mass;
o  water/humidity (Wt).

Water/humidity (Wt) and anorganic (mineral) mass
represent the non-fuel ballast formed by ashes and worsen
the energetic qulity.

Organic mass (C, H, N, S, O) represents the most
important part of a solid fuel, as it has the features and
characteristics necessary for being used for energetic
valorisation, constituting also the combustion mass.

Chemical characteristics of solid fuels obtained from
biomass are the following:
= C content— important characteristic which influences

the caloric power must be as high as possible;

= O content— important characteristic which influences
the caloric power must be as low as possible;

. H content— important characteristic which influences
the caloric power must be as high as possible

= N content— influences NOx (toxic)emmissions and
corrosion.

Limit humidity of biomass for combustion should not
surpass 60% out of mass.

Total humidity, Wt ,is formed of:

- Absorbing humidity - W, free or superficial (of
surface) from large capillars, which has a normal
vapour pressure and is easily removable by simple
storing by air;

- Hygroscopic humidity - Wi, represents water physically
bound from pores internal structure, which has smaller
vapours pressure than normal one and is released
only by drying at over 100°C (respectively 105°C),
[6].

Caloric power can be calculated according to chemical
composition.

Calculation formulae for caloric power, [9]:

1) depending on lignin content, where, (LC) - content of

lignin reported to dry state without ashes:

— Integrated technological line of obtaining pellets and agripellets / Linie tehnologicé integratéd de obfinere pelete si agripelete

Tn general, un combustibil solid clasic/alternativ, inclusiv
biomasa, este format din:
0 masa organica;
0 masa anorganica;
0 apa/ umiditatea (Wt).

Apa/umiditatea (Wt) si masa anorganica (minerald)
reprezinta balastul necombustibil care formeaza cenusa si
care inrautateste calitatea energetica.

Masa organica (C, H, N, S, O) reprezinta partea cea mai
importanta a unui combustibil solid, deoarece este raspunzatoare
de proprietatile si caracteristicile ce o recomanda pentru a fi utilizata

n scopul valorificarii energetice constituind si masa combustibila.

Caracteristicile chimice ale combustibililor solizi obtinuti
din biomasa sunt urmatoarele:

= continutul de C — caracteristica importanta care influenteaza
puterea calorifica, trebuie sa fie cat mai mare;

= continutul de O — caracteristica importanta care influenteaza
puterea calorifica, trebuie sa fie cat mai mic;

= continutul de H — caracteristica importanta care influenteaza
puterea calorifica, trebuie sa fie cat mai mare;

= continutul de N — influenteaza emisiile de NOx (toxice)
si coroziunea.

Umiditatea limitd a biomasei pentru susfinerea arderii
nu trebuie s& depaseasca 60% din masa.
Umiditatea totald, Wt ,este constituita din:

- umiditatea de imbibafie - W/, liberd sau superficiala
(de suprafata) din capilarele largi, care are presiunea
de vapori normala si se indeparteaza destul de usor
prin simpla depozitare in aer;

- umiditatea higroscopicd - Wy, reprezinta apa legata
fizic din structura interna a porilor, are presiunea de
vapori mai mica decat presiunea normala si este
cedata numai prin uscare la temperatura de peste
100°C (respectiv 105°C), [6].

Puterea calorifica poate fi calculatd Tn functie de
compozitia chimica.
Formule de calcul pentru puterea calorifica, [9]:

1) in funcfie de continutul de ligning in care, (LC) - continutul

de lignina raportat la starea uscata si lipsita de cenusa:

Q = 88,9 (LC) + 16821,8 [kd/kg] 1)

2) depending on fix carbon content, Cf (%) where:

2) in functie de confinutul de carbon fix, Cf (%)unde::

Q = 196 Cf + 14119 [kJ/kg] @)

3) depending on carbon, hydrogen, oxygen and nitrogen
content:

3) in funcfie de confinutul de carbon, hidrogen, oxigen i
azot:

Q = 33500 C + 14300 H — 15400 O — 14500 N [kJ/kg] A3)

For performing the determinations, was used an
equipment "ELEMENTAL ANALYZER Flash EA 1112"
which allows to simultaneously determine C, H, S, N, from
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Pentru realizarea determinarilor, a fost utilizat un
echipament "ANALIZOR ELEMENTAL Flash EA 1112"
care permite determinarea simultana a C, H, S, N, din
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solid and liquid tests by sample instantaneously dynamic
combustion, followed by reduction, captation and
separation of chromatoghraphic gas and detection by
means of thermal conductivity detector (TCD). Analyzer
and its characteristics are shown in figure 7.

RESULTS

In order to determine the combustibility characteristics
of products obtained from manufacturing technology
pellets and agripellets from agricultural and forestry solid
biomass, were taken for analysis a number of 13 samples
in various mixtures / compositions (recipes):

- sample 1: 67% Forestry remnants + 33% Wood chips;

- sample 2: 80% Miscanthus + 20% Wood chips;

- sample 3: 5 Forestry remnants + 3 Stalks+ /3 Wood chips;

- sample4: /3 Forestry remnants + s Mrscanthus+ YsWood chips;

- sample5: A Forestry remnants + Y Straw + /s Wood chips;

- sample 6: 100% Stalks;

- sample 7: 100% Straw;

- sample 8: 100% Miscanthus;

- sample 9: 100% Fir wood chips;

- sample 10 100% Forestry remnants;

- sample 11: /4 Miscanthus + “/» Forestry remnants + “; Wood chips;

- sample 12 50% Forestry remnants +50% f|r

- sample13: Y Miscanthus + s Forestry remnants + s Wood chips.

Samples (biomass) were subjected to laboratory
analysis for specific solid fuels biomass to establish the

main characteristics: .

v through technical analysis to determine humidity (W/,
Wh', W¢ ), and ash (A')

v through elemental analysis was determined the
percentage content of C', H', S¢, N' using an elemental
analyzer FLASH EA 1112 Thermo Fisher Scientific
(Model 1112). Oxygen content determination (O) at

' Fig. 7 — Elemental analyzer/Anallzor elemental ThermoFlnnlgan FIashEA 1112
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probe solide si lichide prin combustia dinamica
instantanee a probei, urmata de reducerea, capturarea,
separarea gaz cromatografica si detectia cu ajutorul
detectorului de conductivitate termica (TCD). Analizorul si
caracteristicile acestuia sunt prezentate in figura 7.

L —

REZULTATE
In scopul determindrii caracteristicilor combustibilitatii

produselor obtinute prin tehnologia de fabricare a peletilor si

agripetilor din biomasa solida agricola si forestiera, au fost

prelevate pentru analize un numar de 13 probe n diferite

amestecuri/compozitii (retete):

- proba 1: 67% Resturi forestiere + 33% Talas;

- proba 2: 80% Miscanthus + 20% Talas;

- proba3: '/5 Resturi forestiere + /5 Coceni + /5 Talas;

- proba4: /3 Resturi forestiere + /3 Mrscanthus +5 Talas;

- probab: '/5 Resturi forestiere + /5 Paie + /5 Talas;

- proba 6: 100% Coceni;

- proba 7: 100% Paie;

- proba 8: 100% Miscanthus;

- proba 9: 100% Talas brad;

- proba 10: 100% Resturi forestlere

- proba 11: Y, Miscanthus + Y/, Resturi forestiere + /4 Talas;

- probal2: 50% Resturi forestlere+50%TaIas

- proba 13: 13 Miscanthus + /5 Resturi forestiere + /3 Talas.

Esantioanele de probe (biomasd) au fost supuse

analizelor de laborator specifice combustibililor solizi in

vederea stabilirii principalelor caracteristici:

v pr|n analiza tehnica s-a determinat umiditatea (VV.,
Wh', W{ ), si cenusa (A

v prin analiza elementara s-a determinat continutul
procentual de C', H', S{, N' cu ajutorul unui analizor
elemental FLASH EA 1112 Thermo Fisher Scientific
(Model 1112). Determinarea continutului de oxigen

initial state is calculated using the following (O) la starea initiala se face prin calcul utilizand
relationship: urmatoarea relatie:

0' =100 — (W' + A+ C'+ H'+ S'+ N') [%] 4)

v determining superior calorific power (Osi) was v' determinarea puterii calorifce superioare (Osi) s-a

achieved by using a calorimetric system consisting of
Parr Model 6200 calorimeter with bomb model 1108;

v inferior calorific power (Q') is obtained by calculation
reported to the total humidity (W¢) and hydrogen
content of the sample subjected to determination,
according to the formula:

Qlinf = leup—
where:
y = 5.86, to express analysis results [kcal/kg];
Y = 24.62, to express analysis results [KJ/kg];
8.94 - water quantity [g], correspondingto 1 g
hydrogen.
Analysis methods used in analytical tests performed
for followed indicators (Romanian standards and 1SO
methods) are shown in Table 1.
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realizat prin utilizarea unui sistem calorimetric format

din calorimetru Parr Model 6200 cu bomba model 1108;
v puterea calorifica inferioara (Q') se obtine prin calcul

functie de umiditatea totala (W) si continutul de

hidrogen din proba supusa determinarii, conform
formulei:
v(8,94H' + W) [kcallkg; KJ/kg] (5)
unde:

y = 5,86, la exprimarea rezultatelor analizei [kcal/kg];
y = 24,62 ,la exprimarea rezultatelor analizei [KJ/kg];
8,94 - cantitatea de apa [g], corespunzatoare la 1
g hidrogen.
Metodele de analiza utilizate Tn incercarile analitice
efectuate pentru indicatorii urmariti (standarde romane si
metode I1SO) sunt prezentate in tabelul 1.
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Analysis methods / Metode de analiza [3].
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Table 1/ Tabelul 1

Den. No. / _ Testing methogl/Standard /
NI, Crt. Name / Denumire Metoda de incercare
/Standard
Technical analysis / Analiza tehnic a
1. Absorbing humidity / Umiditate de imbibafie SR 5264:1995
2. Hygroscopic humidity / Umiditate higroscopica SR 5264:1995
3. Total humidity / Umiditate totala SR 5264:1995
4. Ashes (optionally) / Cenuga (optional) SR ISO 1171:1994
Elementary analysis / Analiza elementar a
5. Carbon / Carbon ASTM D 5373-08
6. Hydrogen / Hidrogen ASTM D 5373-08
7. Nitrogen / Azot ASTM D 5373-08
8. Sulfur / Sulf ISO 351:1996
Determining superior and inferior calorific power | Determinarea puterii calorifice superioare  si inferioare
9. Superior calorific power / Putere calorificd superioara ISO 1928:2009
10. Inferior calorific power (calculation)/ Putere calorifica inferioard (calcul) ISO 1928:2009
11. Processing results (recalculation in diffc_arent ste}tgs of ar!alys_is_: _ initial) / Prelucrarea ISO 1170:2008
rezultatelor (recalcularea rezultatelor la diferite stéri de analiza: inifial) STAS 398/82
Analytical test results for samples subjected to Rezultatele incercarilor analitice pentru probele supuse

analysis and recalculated in accordance with standard
STAS 398/82 at initial state of the fuel biomass are shown

in Table 2 and figures 8, 9, 10 and11.

Analytical results for analyzed samples

analizelor si recalculate Tn conformitate cu standardul
STAS 398/82 la starea initiala a combustibilului de
biomasa sunt prezentate in tabelul 2 si figurile 8, 9, 10 si 11.

Table 2/ Tabelul 2

/ Rezultatele analitice pentru probele analizate

Sample W W, W A S! c H' N' O' g o' Q|
n;‘éb'\;r' % % % % % % % % % kcal/kg kcal/kg
4.55 16.24 | 20.79 | 2.33 | 0.039 | 4260 | 554 | 042 | 2829 4152 3740
2, 6.25 10.79 | 17.04 | 1.32 | 0.049 | 4270 | 556 | 057 | 32.76 4164 3773
3. 0.00 11.64 | 11.64 | 2.98 | 0043 | 4388 | 574 | 058 | 35.14 4395 4026
4. 0.00 11.77 | 1177 | 2.37 | 0.043 | 4466 | 572 | 0.26 | 35.18 4292 3923
5. 0.00 10.72 | 10.72 | 514 | 0.042 | 4269 | 556 | 043 | 3542 4381 4027
6. 0.00 10.38 | 10.38 | 576 | 0.041 | 40.67 | 567 | 1.49 | 35.99 4057 3699
7. 0.00 9.57 957 | 7.78 | 0.050 | 40.20 | 541 | 075 | 36.24 4164 3825
8. 0.00 1117 | 1117 | 6.89 | 0044 | 4179 | 549 | 058 | 34.04 4004 3651
9. 0.00 6.60 660 | 1.61 | 0039 | 4611 | 639 | 1.10 | 38.15 4354 3981
10. 1.95 4.14 609 | 253 | 0047 | 4581 | 581 | 0.76 | 38.95 4163 3823
11. 0.00 7.19 719 | 3.90 | 0045 | 4466 | 569 | 061 | 37.91 4210 3870
12. 0.00 5.08 5.08 | 2.26 | 0.059 | 46.44 | 584 | 040 | 39.92 4278 3942
13. 0.00 5.26 526 | 3.47 | 0043 | 4594 | 581 | 0.38 | 39.10 4309 3974
Inferior calorific power for samples 1+8 Total humidity for samples 1-8

5 41004 _ ' %7y
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s 200(] 5

8 38007 0 . . . . . : : J

£ am 0 1 2 3 1 3 ] I g

12 4 B8 7
Sample no.

Sample no.

Fig. 8 - Graphical representation of inferior calorific power value for
samples 1+8/ Reprezentarea grafica a valorilor puterii

calorifice inferioare pentru probele 18
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Fig. 9 - Graphical representation of total humidity value
for samples 1-8 / Reprezentarea grafica a valorilor
umidit&tii totale pentru probele 18



Vol. 42, No. 1/2014

Inferior calorific power for samples 9=13

Inferior calorific power (Gii)

Sample no.

Fig. 10 - Graphical representation of inferior calorific power value for
samples 9+13 / Reprezentarea grafica a valorilor puterii calorifice

inferioare pentru probele 9+13

CONCLUSIONS
Following the laboratory tests it has been found that:
- For agricultural and forestry biomass samples: 1+8:

absorbing humidity content (superficial) is very low
(for samples 3+8 is zero);

total moisture of the analyzed samples is mainly
due to hygroscopic humidity;

ash content is reduced ranging from 1 + 7%;

sulfur content is very low (< 0.1%);

carbon is situated at values of about. 40+44%;
inferior calorific power is between: 3,600+4,000
kcallkg and is inversely proportional with total
humidity content (W,) for the analyzed samples; as
the total humidity is lower, the inferior calorific
power is bigger ;

determinations on infierior calorific power revealed
values of about 4,000 kcal/kg for samples 3, 4 and
5 consisting of basis mixture (forestry remnants
and wood chips) at which were added various
types of vegetable biomass (straw, stalks and
miscanthus);

from the point of view of superior carorific power it
has shown that the values obtained for the
analyzed agricultural ground biomass variants
(4,004+4,395 kcal/lkg) are bigger than those given
in the literature data (ex.: vegetable waste - Table
3: Qs = 3,009.5 kcal/kg).

»  For agricultural and forestry biomass samples: 9+13:

It has noted that the carbon content is maintained
at a value of about 45%;

inferior calorific power is situated at a value of
about 3.900 kcal/kg, respectively 16.33 MJ/kg;
from the point of view of superior carorific power it
has found that the values obtained for the variants
of analyzed pellets (4.163+4.354 kcal/kg) are
comparable to those presented in the literature
data (example: sawdust pellets - Tabel 3: Qs =
4.084.3 kcal/kg).
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Fig. 11 - Graphical representation of total humidity value for
samples 9+13 / Reprezentarea graficd a valorilor umiditafii totale

pentru probele 9+13

CONCLUzII

Din

rezultatele analizelor de laborator se observa ca:

«  Pentru probele de biomasa agricola si forestiera: 1+8:

continutul de umiditate de Tmbibatie (superficiald)
este foarte redus (pentru probele 3+8 este zero);
umiditatea totala a probelor analizate se datoreaza
n principal umiditatii higroscopice;

continutul de cenusa este redus fiind cuprins intre 1+7%;
continutul de sulf este foarte mic (< 0,1%);
carbonul se situeaza la valori de cca. 40+44%;
puterea calorifica inferioara este cuprinsa intre:
3.600+4.000 kcal/kg si variaza invers proportional
cu continutul de umiditate totald (W) din proba
analizatd; cu cat umiditatea totala este mai mica,
puterea calorifca inferioara este mai mare;
determinarile privind puterea calorifica inferioara au
relevat valori de cca. 4.000 kcal/kg pentru probele
3, 4 si 5 constituite din amestec de baza (resturi
forestiere si talas) la care s-au adaugat diverse
sortimente de biomasa vegetala (paie, coceni si
miscanthus);

din punct de vedere al puterii calorifice superioare
se constata ca valorile obtinute pentru variantele
biomasa agricola maruntitd analizate (4.004+4.395
kcal/lkg) sunt mai mari decat cele prezentate in
datele de literatura (ex.: deseuri vegetale - Tabelul
3: Qs=3.009,5 kcal/kg).

«  Pentru probele de biomasa agricola si forestiera: 9+13:

se remarca un continut de carbon care se mentine
la o valoare de cca 45%;

puterile calorifice inferioare se situeaza la o valoare
de cca. 3.900 kcal/kg, respectiv 16,33 MJ/Kkg;

din punct de vedere al puterii calorifice superioare
se constata ca valorile obtinute pentru variantele
de peleti analizate (4.163+4.354 Kkcallkg) sunt
comparabile cu cele prezentate in datele de
literatura (exemplu: peletii de rumegus - Tabelul 3:
Qs = 4.084.3 kcal/kg).
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CONSIDERATIONS ABOUT DESIGNING OF AN AIR COOLED CYL INDER HEAD FOR A
DIRECT INJECTION SMALL DIESEL ENGINE
/
CONSIDERATII DESPRE PROIECTAREA UNEI CHIULASE R ACITE CU AER PENTRU UN MIC
MOTOR DIESEL CU INJECTIE DIRECTA
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~Transilvania” University of Brasov, Automotive and Transportation Department / Romania
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Abstract: When designing a cylinder head for two
families of stationary Diesel air cooled, engines, with
direct injection, we have to consider the BMEP, which
is limited to these engines to values of 3.8-5.2 bar. To
optimize gases exchange process and obtain a
desired swirl number, different solutions are studied:
geometry galleries, speed location of valves and gas
fields concentrations developed in the combustion
process for each proposed solution. The paper
presents the optimal solution found in the functional
analysis made for a program FLUENT single cylinder
engine and one engine family bi-cylinder, looking at for
each case of cooling air flow. Another aspect to be
taken into account when designing the cylinder heads
is to determine the thermal regimes of the cylinder
head, piston, cylinder, valves and nozzle, in order to
define the development of heat per work engine cycle.
From our experience in designing and testing
stationary air cooled engines and developing of
injectors and new combustion chambers, a combustion
code, written in C++, simulates the heat release rate
per cycle, also serving to define data used to
determine required heat transfer. The objectives of this
paper are to define optimum construction solutions for
a cylinder head for air-cooled Diesel engine with direct
injection, having the stroke of 65 and 82 mm bore.

Keywords: cylinder head, analysis, heat release, direct
injection, nozzle

INTRODUCTION

The cylinder head is designed for direct injection Diesel
engines, which include mono and poly-cylinder engines, we
proposed the solution with inlet and outlet channels
placed on the same side of the cylinder head. For this
reason, the injector should be placed between the rocker
arms, which brings the advantage of shortening the injection
pipe. Also, this solution provides a large surface design of the
cooling air reception, and the thermal regime of the injector
is much better controlled than in other types of air-cooled
cylinder heads [1, 2, 3, 5, 6],, because the injector is not
in contact with a wall of the hot channel. In Table 1 are
presented the main features of the engine cylinder head
designed.

For the 5.5 bar BMEP value, we got in our
combustion code simulations the evolution of pressure,
temperature and apparent heat release, as shown in
figure 1. In the figure 2 we showed, in the same
conditions, the evolution of apparent heat release and
cumulative heat release.

Engine specification /

Rezumat: Céand se proiecteazd o chiulasd pentru doud
familii de motoare Diesel, récite cu aer, cu injecfie directa,
trebuie luatd Tn considerare problema presiunii medii
efective, care este limitatd la aceste motoare la valori de 3,8
— 5,2 bar. Pentru optimizarea proceselor de schimb de gaze
si obfinerea numérului de vartej dorit au fost studiate solufii
diferite pentru: geometria galeriilor, vitezele de ridicare ale
supapelor si campurile concentrafiilor de gaze dezvoltate in
procesul de ardere pentru fiecare solufie propusa. Lucrarea
prezintd solufia optimd gasitd prin analize funcfionale,
realizate in FLUENT, pentru motorul monocilindric si pentru
o familie de motoare cu doi cilindrii, verificand in fiecare caz
curgerea aerului pentru rdcire. Un alt aspect de care trebuie
sd se find cont cand se proiecteaza chiulasele este legat de
determinarea regimurilor termice ale chiulaselor, pistonului,
cilindrului, supapelor si pulverizatorului, pentru a defini
dezvoltarea caldurii pe ciclul de lucru al motorului.O rutin
pentru modelarea procesului de ardere, scrisd in C++, a fost
folositd pentru a simula viteza de degajare a cdldurii pe
ciclu, servind de asemenea pentru a defini datele necesare
evaludrii transferului termic, pornind de la experienfa noastra
n proiectarea si incercarile motoarelor rcite cu aer si in
dezvoltarea de injectoare si noi camere de ardere.
Obiectivele acestei lucrari sunt definirea solufiilor constructive
optime pentru chiulasa unui motor ré&cit cu aer, cu injecfie
directd, avand cursa de 65 mm si alezajul de 82 mm.

Cuvinte cheie: chiulasa, analizd, degajarea de caldurd,
njectie directd, pulverizator

INTRODUCERE

Chiulasa este proiectata pentru motoare Diesel cu
injectie directa, care include motoare mono si
policilindrice, noi propunem o solutie cu canalele de
admisie si evacuare plasate pe acceasi fata a chiulasei.
Din acest motiv, injectorul trebuie plasat intre culbutori,
ceea ce aduce avantajul scurtarii conductei de injectie.
De asemenea, aceasta solutie asigura o suprafatd mare
pentru racirea cu aer si regimul termic al injectorului este
mult mai bine controlat decét la alte tipuri de chiulase
racite cu aer [1, 2, 3, 5, 6], pentru ca injectorul nu este in
contact cu peretele canalului fierbinte. Tn Tabelul 1 sunt
prezentate caracteristicile principale ale chiulasei
proiectate.

Pentru o valoare dorita de 5.5 bar a presiunii medii
efective, In figura 1 sunt prezentate, folosind rutina
proprie de ardere, evolutiile presiunii, temperaturii si
degajarii aparente de caldura. In figura 2 sunt aratate, in
aceleasi conditii, evolutiile degajarii aparente de caldura
si degajarii de caldura cumulate.

Tablel / Tabelul 1

Caracteristicile motorului

Bore / Alezaj [mm] 82
Stroke / Cursa [mm] 65
Compression ratio / Raport de comprimare 19,2
Displacement volume / Cilindree [cm?] 343
Engine speed / Turafie [min™] 3000
BMEP / Presiune medie efectiva [bar] 55
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CYLINDER PRESSURE, TEMPERATURE OF CYCLE AND

APPARENT HEAT RELEASE
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Fig. 1 — Cylinder evolutions of pressure, temperature and

aparent heat relase simulated for a BMEP of 5.5 bar /

Evolutiile presiunii, temperaturii si degajdrii aparente de caldurd simulate pentru o valoare a presiunii medii efective de 5.5 bar
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Fig. 2 —Evolutions of aparent heat relase and cumulative heat release /
Evolufiile degajérii aparente de céaldura si degajéarii de caldura cumulate

MATHERIAL AND METHOD

MATERIALE S| METODA

S(a) = r[1+|j—cos@') -J(i:¥ —sinz(a)} )

The momentary above piston cylinder volume is given
by equation (2) where B is bore and V. is combustion
chamber volume:

To characterize the evolution of volume in cylinder
available we established the movement of the piston from
top dead center (TDC), as can be seen in equation (1):
Where.

S(a) — distance crossed of piston TDC;
r — cranck radius;
1l
Iy p
I, - conecting rod length;
a—cranck angle.

V(@) =

In figure 3 is showed the momentary above piston
cylinder volume evolution.

138

Volumul instantaneu de deasupra pistonului este dat
de ecuatia (2) In care B este alezajul iar V. este volumul
camerei de ardere:

Pentru a caracteriza evolutia volumului din cilindru disponibil
am stabilit ecuatia de migcare a pistonului pornind din punctul
mort superior (PMS), asa cum se poate vedea in ecuatia (1):
Unde.

S(a) — distanta parcursa de piston pornind din PMS;
r — raza manivelei;
1l
l, p
Ip - lungimea bielei;
a— unghiul de rotatie al arborelui cotit.

2

4

In figura 3 este prezentatd evolutia volumului
instantaneu de deasupra capului pistonului.

S(a) +V, @
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Fig. 3 — Evolution of the cylinder momentary volume above piston / Evolufia volumului instantaneu de deasupra pistonului

In order to determine the gases temperature in the
compression stage we used equation (3), where:

U, - residual gas fraction;

c
y - adiabatic exponent of real gas=—";
C

v

p. - exhaust absolute pressure;
p. - intake absolute pressure;
T. - intake absolute tamperature.

T(a)

Instantaneous gas temperature in combustion phase is
estimated by formulae (4):

T(a) =

To validate the heat transfer coefficient of the
combustion chamber we applied Woschni correlation
(4)[4], where:

B —cylinder bore;

P — average gases pressure;

T — gases temperature;

W- average of gases velocity.

The average heat coefficient is shown in figure 4.

To analyze the gas flow channels and the determination of
temperature and thermal stress we used the cylinder head
designing in CATIA V5, as shown in figure 5.

RESULTS
Analysis of flow through inlet

To analyze the flow we generated in CATIA V5 the inlet
channel, located trough cylinder head, with a length equal
of 1.75 out of its diameter, just like at the test bench used
to determinate the average swirl number. Flow simulation
program was done in FLUENT and initial flow conditions
are: for input P = 101325 [Pa], T= 293 K, for output P =
98873.3375 Pa, T = 293 K. The results after generating
tetrahedral mesh of 1mm side and 563008 elements, can
be seen in fig.6. Air intake occurs at the bottom of the
cylinder to the depression of 0.025 MPa.
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in scopul determinarii temperaturii gazelor in timpul
comprimari am utilizat ecuatia (3) unde:
U, - coeficientul gazelor reziduale;

c
y - exponentul adiabatic al gazului real =—=;
C

v
p. - presiunea absoluta n evacuare;
p. - presiunea absoluta in canalul de admisie;
T, - temperatura absoluta in canalul de admisie.

14, 0T 3)

Temperatura instantanee in timpul fazei de ardere
este estimata cu relatia (4):

p(a) V(a) 4

8315
V (rnaw My + rnles)

Pentru a valida coeficientul de traansfer termic al
camerei de ardere aplicam corelatia Woschni (4)[4], unde:

B —alezajul cilindrului;

P — presiunea medie a gazelor;

T — temperature gazelor;

W- viteza medie a gazelor.

Variatia valorii medii a coeficientului de transfer termic
este aratata in figura 4.

Pentru a analiza curgerea prin canale si a determina
temperatura si solicitarea termica am utilizat chiulasa
proiectata Tn CATIA V5, aasa cum este aratata in figura 5.

REZULTATE
Analiza curgerii prin canalul de admisie

Pentru analiza curgerii am generat in CATIA V5 canalul
de admisie, plasat in interiorul chiulasei, cu o lungime
egala cu 1,75 din diametrul sau, chiar la fel ca la standul
de incercare folosit pentru determinarea valorii medii a
cifrei de vartej. Simularea curgerii a fost facuta in FLUENT
si conditiile initiale au fost: pentru intrare P = 101325 [Pa],
T= 293 K, pentru iesire P = 98873.3375 Pa, T = 293 K.
Rezultatele, dupa generarea retelei tetraedrice cu latura
de 1 mm si 563008 elemente, se pot vedea in figura 6.
Admisia aerului la partea de jos a cilindrului are loc la o
depresiune de 0,025 MPa.
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Fig. 4 - The average heat coefficient / Coeficientul mediu de transfer termic

Fig. 5 - Cylinder head designing in CATIA V5 / Chiulasa proiectata in CATIA V5

The duct was placed above the cylinder just like in the Canalul a fost plasat deasupra cilindrului chiar in geometria
cylinder head geometry. Inlet valve could be moved like in definitd a chiulasei. Migcarea supapei de admisie este
table 2, where: Hv — lift of valve, Dv — diameter of the corespunzatoare marimilor din tabelul 2, unde: Hv — ridicarea
intake channel. Dv=28 mm. supapei, Dv — diametrul canalului de admisie, Dv=28 mm.
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Fig. 6 — Finite element mesh for inlet geometry generated for FLUENT analysis /
Refeaua de elementele finite a geometriei canalului pentru analiza in FLUENT

Table 2 / Tabelul 2
Inlet valve characteristics / Caracteristici ale supapei de admisie
H./D, Hy mm)
0 0
0.04 1.12
0.08 2.24
0.12 3.36
0.16 4.48
0.2 5.6
0.24 6.72
0.28 7.84
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Fig. 7 — Flow simulation for Hv=1,12 mm / Simularea curgerii pentru Hv=1,12 mm

In the figure 7 is shown the flow for Hv=1.12 mm and in Tn figura 7 este aratata curgerea pentru Hv=1,12 mm si
the figure 8 is shown the flow for Hv=4.48 mm. In figure 9 n figura 8 pentru Hv=4.48 mm. In figura se poate vedea
we can see the pressure field for described flow conditions. campul de presiuni in coditiile de curgere descrise.
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Fig. 9 — Pressure field in the descriebed flow condition / Campul de presiune in conditiile de curgere descrise

Stress analysis generated by thermo-mechanical fiel — ds

The stress type is used by means of thermal analysis
DC3D10 coding. This is a typical thermal analysis. They
are tetrahedral elements with 2 up to 10 nodes. Thermal
analysis was run with the idea of obtaining the
temperature field defined by structure analysis. The
thermal field was loaded over static analysis. For static
analysis we used two-order tetrahedral elements with
10 nodes. Coding element in ABAQUS is C3D10. The
analysis of static stress field was obtained on the
structure analyzed.

Number of elements in the analysis: 262 509

Number of nodes in the analysis: 451 281.

Based on heat transfer coefficient we obtained the plot
temperature and stress distribution, which can be seen in
figure 10.

Plot stress and temperature distribution for inlet can be
seen in figure 11, and for exhaust duct is presented in
figurel2.
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Analiza solicit arilor generate de cAmpurile termo-mecanice

Tipurile respective de solicitari sunt folosite utilizand
rutine de tipul DC3D10. Este a analiza termica specifica.
Sunt elemente tetraedrale cu 2 péna la 10 noduri.
Analiza termica a fost rulata in ideea de a obtine campul
de temperatura definit din conditii structurale. Campul de
temperatura a fost incarcat in conditile unei analize
statice. Pentru analiza staticd am utilizat tetraedre de
ordinul 2 cu 10 noduri. Codare elementelor Tn ABAQUS
este DC3D10. Analiza solicitarii statice a fost obtinuta pe
structura analizata.

Numarul de elemente din analiza a fost de 262509

Numarul de noduri a fost 451281

Pe baza coeficientului de transfer termic am obtinut
distributia de temperatura si a solicitarilor care se poate
vedea 1n figura 10.

Distributia de temeratura pentru canalul de admisie
poate fi oservata in figura 10 iar pentru canalul de
evacuare este prezentata in figura 12.
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Fig. 10 The plot temperature and stress distribution / Reprezentarea distribufiei de temperature si a solicit&rilor
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Fig. 12 Exhaust temperature and stress distribution / Distribufia temperaturilor si a solicitdrilor in canalul de evacuare

CONCLUSIONS

1.

Results presented in this work could be used as a
preliminary step in a development of two families of
Diesel engines, just in terms of the main parameters
of the cylinder head and engine performances.

Our goal was to create a team to develop this
project, about which specific issues such as fuel
injection, combustion chamber, types of stress.have
not been published up to now.

Designated cylinder head can be an alternative for the

CONCLUZII

1.
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Rezultatele prezentate in aceasta lucrare vor putea fi
utilizate ca un pas preliminar in dezvoltarea a doua familii
de motoare Diesel, iIn ceea ce priveste parametrii
principali ai chilasei gi performantele motorului.
Obiectivul nostru a fost acela de a crea o echipa pentru
dezvoltarea acestui proiect despre care nu au fost
publicate pana acum informatii specifice despre injectia de
combustibil, camera de ardere, solicitari particulare.
Chiulasa proiectata poate fi o alternativa pentru
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development of two families of direct injection Diesel
stationary engines air cooled.
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dezvoltarea a doua famili de motoare Diesel cu
injectie direct, stationare, racite cu aer.
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BIO-BUTANOL — ALTERNATIVE FUEL FOR DIESEL ENGINE
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Abstract: The main goals of bio-alcohols use in Diesel
engine are the reduction of pollution, greenhouse gas
emissions and the replacement of the fossil fuels. The
production of the bio-alcohols from plants based on
sugar (cane and beet) and starch (cereals, sorghum
and maize) will increase their prices, which will affect
the living standard of the population, because these are
the most commonly used. If bio-alcohol were obtained
from waste cellulosic or synthetic waste, its use would
represent an alternative solution of fuel for Diesel
engine. From the primary alcohols used (bio-methanol,
bio-butanol, bio-ethanol) the bio-butanol has the main
advantage that it is most appropriate from the point of
view of the properties of the Diesel fuel. This paper
presents the results of experimental research carried on
a Diesel engine with direct injection fuelled with Diesel-
bio-butanol mixtures.
Keywords: alternative fuel, bio-alcohols, bio-butanol,
Diesel engine, emissions.

INTRODUCTION

Given that the standard of living of the population
increases continuously more and more rapidly due to
advancement of technology an increase in global energy
consumption has been produced. Basically, if the
standard of living of the population increases also the
consumption of natural resources such as fossil fuels will
increase. To meet the growing needs of the population ,
oil and gas resources will be exhausted.

More rational use of such fossil fuels and alternative
fuels are viable solutions for reducing the oil
consumption. From alternative fuels, bio-alcohols
represent viable solutions, because those can be
obtained from biomass. Unlike Diesel fuel, bio-alcohol
has a greater support, being a form of renewable
energy, that can be produced from biomass; the energy
being generated by a natural resource (sunlight), which
is unlimited.

Research centres from universities and big companies
are involved in serious theoretical and experimental
research on bio-alcohol use as fuel for compression
ignition engine, being investigated different methods of
fuelling. From primary alcohols, bio-butanol has the
advantage that shows properties close to those of Diesel
fuel compared to others alcohols.

Bio-butanol proprieties comparative to Diesel fuel
Bio-butanol (tert-butyl alcohol) is made up of three
methyl groups and one group of oxidril (C4HsOH).
Because of its higher self-ignition resistance, the
biobutanol (low cetane number, table 1) can’t be used in
Diesel engine as single fuel without supplementary
measures (the additive use or engine design changes).
In order to use bio-butanol in compression ignition
engine, this must be enriched with accelerators of
organic nitrates type for reducing of the auto-ignition
delay, or it can be use in addition with Diesel fuel,
solutions that do not involve significant design changes to
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Rezumat: Utilizarea bio-alcoolilor drept combustibil
pentru motoarele Diesel are ca scop reducerea poludrii,
reducerea emisiilor de gaze cu efect de sera si inlocuirea
combustibililor fosili. Producerea bio-alcoolilor din plante
pe baza de zahdr (trestia si sfecla) si pe baza de amidon
(cerealele, sorgul si porumbul) va conduce la cresterea
prefului acestora, care va afecta nivelul de trai al
populafiei, deoarece acestea sunt cele mai des utilizate.
Dacd bio-alcoolul s-ar obfine din degeuri celulozice sau
sintetic, utilizarea lui ar reprezenta o solufie alternativa
de combustibil pentru motorul Diesel. Dintre alcoolii
utilizafi (bio-metanolul, bio-butanolul, bio-etanolul) bio-
butanolul are principalul avantaj cd se aproprie cel mai
bine din punct de vedere al proprietafilor de motorina.
ucrarea prezintd rezultate ale cercetdrii experimentale
efectuate pe un motor Diesel cu injecfie directd de
alimentat cu amestecuri motorina-bio-butanol.

Cuvinte cheie: combustibil alternativ, bio-alcooli, bio-
butanol, motor Diesel, emisii.

INTRODUCERE

Dat fiind faptul ca standardul de viata al populatiei
creste Tn mod continuu din cauza avansarii tot mai rapide
a tehnicii s-a produs o intensificare a consumului
energetic la nivel global. Practic, daca standardul de
viata al populatiei cregte si consumul resurselor naturale
va creste alaturi de combustibilii de natura fosila. Pentru
a satisface nevoile tot mai accentuate ale populatiei,
resursele de petrol si gaze naturale se vor epuiza.

Utilizarea mai rationalda a combustibililor fosili si
utilizarea combustibililor alternativi reprezinta solutii
viabile pentru a reduce consumul de petrol. Dintre
combustibilii alternativi, bio-alcoolii sunt o solutie viabila,
deoarece acestia se pot obtine din biomasa. Spre
deosebire de motorina, bio-alcoolul are o sustinere mai
mare, el find o forma de energie regenerabila, care
poate fi produsa din biomasa; energia fiind generata de o
resursa naturala (lumina soarelui), care este inepuizabila.

Centre de cercetare din universitati si mari companii,
sunt implicate Tn serioase cercetari teoretice si experimentale
privind utilizarea bio-alcoolului drept combustibil pentru
motorul Diesel, fiind investigate diferite metode de
alimentare. Dintre alcoolii primari, bio-butanolul are
avantajul ca prezinta proprietati mai apropiate de cele ale
motorinei comparativ cu ceilalti alcooli.

Propriet atile bio-butanolului comparativ cu motorina
Bio-butanolul (tert-butil alcoolul) este format din trei
grupari de metil si o grupare oxidril (CsHgOH).
Bio-butanolul avand intarziere mare la autoaprindere
(cifra cetanica mica, tabelull) face ca acesta sa nu poata
fi utilizat drept combustibil unic pentru motorul Diesel fara
a se lua masuri suplimentare, aditivare sau modificari
constructive ale motorului. Pentru ca bio-butanolul sa
poata fi utilizat la motorul cu aprindere prin comprimare
trebuie fie aditivat cu acceleratori de tipul nitratilor
organici pentru a reduce intarzierea la autoaprindere, fie
utilizat in amestec cu motorina, solutii ce nu implica
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the engine.
The main properties of bio-butanol as compared to the
Diesel fuel are shown in table 1.

The properties of bio-butanol comparing to Diesel f
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modificari constructive semnificative ale motorului.
Principalele proprietati ale bio-butanolului comparativ
cu motorina sunt redate n tabelul 1.

Table 1/ Tabelul 1
uel, [3], [12] /

Propriet &file bio-butanolului in compara  fie cu cele ale motorinei, [3], [12]

Unit of measure / . ’
Nr. . Bio-butanol / Diesel fuel /
ort. Parameter / Parametrul Umta}tea ge Bio-butanol Motorin &
masur @
1 Chemical formula / Formula chimica [-] C4H,OH = Cy6Ha4a
Boiling temperature (1.013 bar) / o
2 Temperatura de fierbere (1,013 bar) [C] 828 180 .. 360
Auto-ignition temperature / o ~
s Temperatura de autoaprindere [C] 340 250
4 Flame temperature / Temperatura flacarii [°’cl 2220 2054
5 Evaporation heat / Caldura de vaporizare [kJ/ka] 595 251 314
6 Low calorific power / [kd/kg] 32560 41855
Puterea calorificd inferioara
7 Cetane number / Cifra cetanica [-] <18 45 55
Dynamic viscosity at 20 °C (1.013 bar) / .
8 Vascozitatea dinamic4 la 20 °C (1,013 bar) [mPas] 2.95 16..68
Gravi ) ition / C 64.86 =~ 86
N I o [
poziiag o 21.64 2
10 Fuel air ratio / Raportul aer combustibil [kg air/kg comb.] 11.1 14.5
Flash temperature / o
1 Temperatura de inflamabilitate [C] 34 50..140
12 Density at 20 °C / Densitatea la 20 °C [kg/m?] 810 820 860
Specific heat at 20 °C (1.013 bar) / ]
13 Caldura specificd la 20 °C (1,013 bar) (ki/kgK] 2.3 1.9

An addition of 25% accelerator in alcohol leads to an
auto-ignition delay similar to that of Diesel fuel, [3].
Difficult auto-ignition to use bio-butanol is accentuated by
decreasing temperature trend due to the heat of higher
vaporization higher of alcohols than Diesel fuel (heat of
vaporization of bio-butanol being about 2 times higher
than the vaporization of Diesel fuel produces an intense
cooling effect).

Higher bio-butanol auto-ignition temperature involves
measures to raise the temperature in the cylinder such as
increasing the compression ratio.

From primary alcohols, the bio-butanol has the most
similar viscosity to that of the Diesel fuel and the higher
miscibility, which recommends it as a good alternative
fuel. However, the bio-butanol’s viscosity is lower than
Diesel fuel (this can dilute the oil) producing some of its
adverse effects in the lubrication.

Adding bio-butanol in Diesel fuel decreases the
mixture viscosity, whith influences on angle of jet
dispersion in terms of increasing, reduction of droplet
diameter and decreasing of jet penetration. Another
aspect is the influence of fluidity to low temperature,
which can be improved by the addition of bio-butanol.

Also the use of bio-butanol as a fuel must be taken
into account that for the same amount of energy stored
in the fuel tank for bio-butanol will have a larger
volume and weight compared to Diesel fuel due to
lower calorific value of bio-butanol comparative to
Diesel fuel.

From the special technical literature some results on
the use of bio-butanol in Diesel engine using different
methods are known.

In the paper [9] are presented some results of the
experimental research on an engine with a single four-
stroke cylinder of type Lister 1-9, at differentloads using
the blends method (10% iso-butanol, 20% iso-butanol,

Un adaos de 25% accelerator in alcool conduce la o
intarziere la autoaprindere asemanatoare cu cea a
motorinei, [3]. Autoaprinderea dificila la utilizarea bio-
butanolului este accentuata si de tendinta micgorarii
temperaturii, datorita caldurii de vaporizare mai mari la
alcooli decéat la motorina (caldura de vaporizare a bio-
butanolului fiind de circa 2 ori mai mare decat a
motorinei, produce la vaporizare un efect intens de racire).

Temperatura de autoaprindere mai ridicata a bio-
butanolului implica masuri care sa ridice nivelul temperaturii in
cilindru cum ar fi cregterea raportului de comprimare.

Dintre alcoolii primari, bio-butanolul are vascozitatea
cea mai apropiata de cea a motorinei precum si
miscibilitatea cea mai ridicata, recomandandu-l drept
combustibil alternativ. Vascozitatea bio-butanolului este
mai mica decat a motorinei (ea poate dilua uleiul)
producand unele efecte defavorabile lubrifierii.

Adaugarea bio-butanolului Tn motorina are ca efect
reducerea vascozitatii influentand, in sensul cresterii,
unghiul de dispersie al jetului, reducerea diametrului
picaturii si scaderea penetratiei. Fluiditatea la
temperaturi scazute se va Tmbunatati prin adaugarea
bio-butanolului.

La utilizarea bio-butanolului drept combustibil trebuie
luat in calcul ca pentru aceeasi cantitate de energie
stocata, rezervorul de combustibil pentru bio-butanol va
avea un volum si 0 masa mai mare comparativ cu cel de
motorina datorita puterii calorifice inferioare mai scazute
a bio-butanolului Tn raport cu motorina.

Din literatura de specialitate sunt cunoscute unele
rezultate privind utilizarea bio-butanolului la motorul
Diesel prin diferite metode.

In lucrarea [9] sunt prezentate unele rezultate ale
cercetarilor experimentale efectuate pe un motor cu un
singur cilindru n patru timpi, tip Lister 1-9 la diferite
sarcini utilizAnd metoda amestecurilor (10%, 20%, 30% si
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30% iso-butanol, 40% iso-butanol). The experimental
results showed: reducing of the exhaust gas temperature,
of the effective power and of the thermal efficiency in the
use of biobutanol-oil blends in various proportions
comparative to only Diesel fuel engine operation. Also
the air-fuel ratio has declined and the specific fuel
consumption actually increased to the use of iso-butanol.
Due to the influence on the engine energetic parameter,
the author limits the rate of biobutanol in the blends to
30%, finding a deterioration of analysed parameters at
higher percentages, for example 40%.

Experimental researches on combustion behaviour of
biobutanol are presented in paper [15] using as fuelling
method the blends method (8% biobutanol and 16%
percentage by volume). Experimental tests were performed
on a six-cylinder turbocharged engine with direct injection.
The engine was subjected to the tests at three different
loads while maintaining constant speed (1200 rev/min to
1500 rev/min). The results showed that to the use of bio-
butanol in blends with Diesel fuel, the fuel injection
pressure diagrams are slightly delayed, and the auto-
ignition delay increased. Also, a decrease of the maximum
cycle pressure and of the in-cylinder gases temperature
during the rapid combustion phase was obtained.

The research presented in the paper [14] investigates
the mechanisms of formation of nitrogen monoxide, smoke
and combustion noise produced during the warm start method
using blends method. The results obtained at the use of
blends: 30% bio-Diesel and Diesel fuel with 25% n-butanol
are comparatively presented. The use of Diesel fuel in blends
with n-butanol leads to a significantly reduction of exhaust
gases opacity, but to a notably increase of NO emission.

In paper [17] the influence of bio-butanol mixed with
Diesel fuel and bio-Diesel is analysed. The results
showed that the addition of 20% n-butanol in a mixture of
Diesel fuel and 20% bio-Diesel resulted in a slight
increase in specific fuel consumption and thermal
efficiency compared to Diesel fuel. The CO and HC
emissions decreased, while NOy emissions remained
almost unchanged at low engine loads and for high
engine loads the NOy emission decreased. Also, the
smoke opacity was reduced.

MATERIAL AND METHODS
The experimental researches were performed on a Diesel
engine KK type - 1.5 dCi (maximum power 52 KW and maximum
power engine speed 3900 rot/min) mounted on a test bed.
The stand for testing is equipped with Schenck E90

dyno for torque measurement, flowmeters for
measurement of the air and fuel consumption,
thermometers, for measurement of the supply air

temperature, cooling liquid, exhaust gas, cooling system
oil, manometer for pressure boost measurement, oil
pressure lubrication system. For analyzing the exhaust
gas was used an analyzer type AVL Dicom and an
opacimeter type AVL Dicom 4000. In the engine’s
cylinder was mounted a piezoelectric pressure
transducer type AVL for monitoring the pressure. Also the
stand includes a data acquisition system type AVL.

Experimental investigations have been carried out
using a blend of 10% Diesel and 20% bio-butanol.
Experimental investigations have been carried out in the
load modes of 100% and 85% at the speed of 2000
rev/min. At the use of bio-butanol, the fuel cycle dose
increased (bio-butanol-Diesel blend) in order to restore
standard engine power. The injection timing was
optimized in terms of NOy emissions and to limit the
maximum in-cylinder pressure maintaining the standard
engine power.
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40% izo-butanol). Rezultatele experimentale au aratat:
reducerea temperaturii de evacuare a gazelor, scaderea
puterii efective si reducerea randamentului termic la
utilizarea amestecurilor bio-butanol-motorina in diferite
proportii faté de functionarea motorului doar cu motorina.
De asemenea si coeficientul de exces de aer s-a
diminuat [9], iar consumul specific de combustibil efectiv
a crescut la utilizarea izo-butanolului. Autorul limiteaza
procentul de bio-butanol la 30%, constatand Tnrautatirea
parametrilor energetici ai motorului analizati la procente
mai mari, ca de exemplu 40%.

Cercetari experimentale privind arderea bio-
butanolului sunt redate in lucrarea [15] utilizand metoda
amestecurilor (butanol 8% si  16% volumetric).
Incercarile experimentale au fost efectuate pe un motor
supraalimentat cu sase cilindri si injectie directa.
Motorul a fost supus testelor la trei sarcini diferite
mentindnd turatia constantd (1200 si 1500 rot/min).
Diagramele de presiune de injectie de combustibil sunt
usor intarziate, iar Intarzierea la autoaprindere a crescut
la utilizarea bio-butanolului Tn amestec cu motorina. De
asemenea s-a constatat reducerea presiunii maxime pe
ciclu si a temperaturii gazelor din cilindru in faza arderii
rapide.

Cercetarile prezentate si in lucrarea [14] investigheaza
mecanismele de formare a monoxidului de azot, fumului
si zgomotului de ardere produs in timpul pornirii la cald
utilizdnd metoda amestecurilor (motorina cu 30% bio-
Diesel si motorina cu 25% n-butanol). La utilizarea n-
butanolului in amestec cu motorina s-a redus semnificativ
opacitatea gazelor de evacuare, dar a crescut in mod
notabil, emisia de NO.

In lucrarea [17] este analizatd influenta bio-
butanolului in amestec cu motorina si bio-Diesel.
Adaugarea de 20% n-butanol in amestecul de
motorina si 20% bio-Diesel a determinat o usoara
crestere a consumului specific de combustibil si a
randamentului termic comparativ cu motorina. Emisiile
de CO si HC a scazut, iar emisia de NOx a ramas
aproape neschimbata la sarcini mici ale motorului, iar
la sarcini mari emisia de NOy a scazut. De asemenea
reducandu-se si opacitatea fumului.

MATERIAL S$I METODE

Cercetarile experimentale s-au efectuat pe motorul
Diesel tip K9K — 1.5 dci (puterea maxima 52 kW la turatia
de 3900 rot/min) montat pe un stand de Tncercari.

Standul de Tncercari este dotat cu frina Schenck E90
pentru masurarea momentului motor, debitmetre pentru
masurarea consumurilor de aer si combustibil,
termometre, pentru masurarea temperaturilor aerului de
alimentare, lichidului de racire, gazelor de evacuare,
uleiurilor din sistemul de racire, manometre pentru
masurarea presiunii de supraalimentare, presiunea
uleiului din sistemul de ungere. Pentru analiza gazelor de
evacuare s-a utilizat analizorul de gaze si opacimetrul
AVL Dicom 4000. in cilindrul motorului a fost montat un
traductor piezoelectric de presiune AVL pentru
monitorizarea presiunii. De asemenea standul contine si
un system de achizitie de date AVL.

S-au efectuat masuratori, utilizdnd un amestec de
motorina cu 10% respectiv 20% bio-butanol. Investigatiile
experimentale s-au efectuat la regimurile de sarcina
100% si 85% la turatia de 2000 rot/min. La utilizarea bio-
butanolului, s-a marit doza de combustibil (amestec bio-
butanol-motorind) pentru refacerea puterii motorului
standard. Avansul la injectie a fost optimizat din punct de
vedere al emisiilor de NOx si al limitarii presiunii maxime
din cilindru mentinand puterea motorului standard.
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RESULTS
The figures 3..12 present the
experimental investigations carried out.

results of the

Energy aspects

Figure 3 shows the pressure variation versus the
crankshaft angle at the standard injection timing for
engine operation at Diesel fuelling and optimized for
Diesel fuel, 10% and 20% bio-butanol fuelling at full
load, and in the figure 4 the variation of cycle maximum
pressure versus the volume percentage of Diesel fuel
replacement (xc;) at 100% (x = 1) load and 85% (x =
0.85) are shown. We find that the maximum pressure
from the cycle decreased about 10% when is using 20%
bio-butanol than Diesel fuel at full load with the
optimized injection timing. This is due to bio-butanol,
which has a cooling effect more intensely than Diesel
fuel. Maximum pressure for 10% bio-butanol doesn’t
change compared to Diesel fuel, because the cooling
effect of the bio-butanol is compensated from the better
burning speed of the bio-butanol than Diesel fuel (fig. 3).
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REZULTATE
In figurile 3...12 sunt prezentate
investigatiilor experimentale efectuate.

rezultate ale

Aspecte energetice

in figura 3 se prezintd variatia presiunii in functie de
unghiul arborelui cotit pentru avansul la injectie standard
la functionarea motorului alimentat cu motorina si
optimizat la functionarea motorului alimentat cu motorina,
10% si 20% bio-butanol la sarcina totala, iar in figura 4
se prezinta variatia presiunii maxime pe ciclu in functie
de procentul de substitutie volumetric a motorinei (Xc) la
sarcinile 100% (x = 1) si 85% (x = 0,85). Gasim ca presiunea
maxima pe ciclu scade cu circa 10% fatd de motorina,
cand este utilizat 20% bio-butanol la sarcina totala cu
avans la injectie optimizat. Acest lucru se datoreaza bio-
butanolului, care are un efect de racire mai intens decat
motorina. Presiunea maxima pentru 10% bio-butanol nu
se modifica comparativ cu motorina, deoarece efectul de
racire al bio-butanolului este compensat de viteza de
ardere mai buna a acestuia comparativ cu motorina (fig. 3).
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Fig. 3 — The indicate diagram / Diagrama indicate

For the standard injection timing, the maximum
pressure has small variations with the percentage of bio-
butanol at 100% load because of the combustion
improvement (fig. 4). By optimizing of the injection timing
for the limitation of the emission of NOyx level, the
maximum pressure is reduced at the increase of the bio-
butanol percentage at 100% load and for 85% load the
maximum pressure is maintained constant.

Figure 5 shows the maximum rate pressure rice of
variation versus bio-butanol percentage in blends with
Diesel at different loads and speed of 2000 rev/min. The
maximum rate pressure rice increases at the use of bio-
butanol mixed with Diesel fuel than Diesel fuel, because
the auto-ignition delay increases both for the full load and
for the 85% load (fig. 5).

At the increase of the proportion of bio-butanol,
increases the duration of injection because of a much
lower calorific power value and lower density of bio-
butanol comparative to Diesel fuel and decreases the
combustion time duration due to the better bio-butanol’s
combustion properties (fig. 6). We notice that 20% bio-
butanol mixed with Diesel fuel significantly influences the
auto-ignition delay (increases compared with Diesel fuel),
due to biobutanol’s lower cetane number, which moves
the combustion toward the detente being necessary the
modification of the injection timing for optimizing the
performance. The variation of the apparent heat release
rate is kept approximately at the same level (fig. 6), but
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Fig. 4 — Maximum pressure variation versus volumetric diesel
fuel substitute ratio for different loads / Variafia presiunii maxime
n functie de procentul de substitufie volumetric a motorinei pentru

diferite sarcini

Pentru avansul la injectie standard, presiunea maxima
are variatii reduse cu procentul de bio-butanol la sarcina
de 100% datorita Tmbunatatirii arderii (fig. 4). Prin
optimizarea avansului la injectie pentru limitarea nivelului
emisiei de NOy, presiunea maxima se reduce cu
cresterea procentului de bio-butanol la sarcina totala, iar
la sarcina de 85% presiunea maxima se mentine
constanta.

Tn figura 5 este prezentata viteza maxima de crestere
a presiunii cu procentul de bio-butanol din amestec la
diferite sarcini si turatia de 2000 de rot/min. Viteza
maxima de crestere a presiunii la utilizarea bio-butanolului Tn
amestec cu motorina cregte fatd de motorina, deoarece
se mareste intarzierea la autoaprindere atat pentru
sarcina totala céat si pentru sarcina de 85% (fig. 5).

Totodata, la cresterea procentului de bio-butanol
creste durata injectiei datorita puterii calorifice inferioare
si a densitati mai mici a bio-butanolului comparativ cu
motorina si scade durata in timp a arderii datorita
proprietatilor de ardere mai bune ale acestuia (fig. 6).
Observam ca 20% biobutanol ih amestec cu motorina
influenteaza semnificativ intarzierea la autoaprindere
(creste comparativ cu motorina), datorita cifrei cetanice
mai scazute a biobutanolului, ceea ce deplaseaza
arderea 1n destindere fiind necesara modificarea
avansului la injectie pentru optimizarea performantelor.
Viteza maxima de degajare a caldurii se mentine
aproximativ la aceeasi valoare, (fig. 6), dar la utilizarea
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when using bio-butanol, the combustion time being more
reduced explains the increase of the maximum pressure
and the rate of increment of pressure .

n - 2000 rev/min

_ 44

%42 reveanen
£ 4 .n.---lu-”"

;E;R -H&“'—';’;’-“---|--------——.—
§ 1 o — — — —
,_'53() e — =t -

Ry

<2

= fislandard,y=1 e eeefjoplimized, g =1

— i standard, y = 0.85 ==+ fi optimized, ¥ = 0.85

INMATEH — Agricubtusal Engineering

bio-butanolului, durata arderii fiind mai redusa explica
cresterea presiunii maxime si viteza de cregtere a
presiunii.
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Fig. 5 - The Maximum pressure rate versus volumetric diesel fuel

substitute ratio for different loads / Viteza maxima de cregstere a
presiunii In functie de procentul de substitufie volumetric a
motorinei pentru diferite sarcini

Regarding the cyclic variability (formula 1), coefficient
of variation in maximum pressure at full load is 0.92% for
the Diesel fuel (standard injection timing) and 0.69%, for
20% bio-butanol (optimized injection timing), while for the
85% load is 0.56 for Diesel fuel (standard injection
timing) and 0.61% for 20% of bio-butanol (optimized
injection timing), indicating a high stability of the
combustion process.

Fig. 6 - The variation of the apparent heat release rate
versus the crankshaft angle / Variafia vitezei aparente de
degajare a caldurii in funcfie de pozifia arborelui cotit

In ceea ce priveste variabilitatea ciclica (formula 1),
coeficientul de variatie a presiunii maxime la sarcind
totala este 0,92% pentru motorind (avans la injectie
standard) si 0,69%, pentru 20% bio-butanol (avans la
injectie optimizat), in timp ce pentru 85% sarcina este
0,56 pentru motorina (avans la injectie standard) si 0,61%
pentru 20% bio-butanol (avans la injectie optimizat),
indicand o stabilitate mare a procesului arderii.

covV=2x00 (1)
X

where: COV represents the cyclic variability
coefficient of the maximum pressure;
J — mean square deviation for max. pressure;

X — average for maximum pressure.
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Fig. 7 - Maximum pressure in cylinder versus angle crankshaft /
Presiunea maximd din cilindru in functie de unghiul de rotafie al
arborelui cotit al motorului

In figure 7 is presented maximum pressure in cylinder
versus angle crankshaft for 150 cycles at the fuelling only
with Diesel fuel or with 20% bio-butanol in mixture.

For 20% bio-butanol in mixture, the cyclic dispersion is
lower than the functioning with Diesel fuel. The angle of
maximum pressure for 20% bio-butanol has a value
between 9+12 CA after TDC (Fig. 7).

Figure 8 presents the variation of the specific
energetic consumption compared with the volumetric
percentage of bio-butanol in the blend with Diesel fuel.
Generally, the brake specific energetic consumption is
reduced by the increasing of the bio-butanol percentage,
due to improvement of the combustion (bio-butanol
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Fig. 8 - Specific energetic consumption versus volumetric
diesel fuel substitute ratio for different loads / Consumul
specific energetic efectiv In funcfie de procentul de
substitufie volumetric a motorinei pentru diferite sarcini

in figura 7 este prezentatd presiunea maximéa din
cilindru Tn functie de unghiul de rotatie al arborelui cotit
pentru 150 de cicluri la alimentarea doar cu motorina sau
20% bio-butanol in amestec.

La amestecul cu 20% bio-butanol, dispersia ciclica
este mai redusa decat la functionarea cu motorina.
Unghiul de presiune maxima pentru 20% bio-butanol are
valoarea intre 9+12 °RAC dupa PMI (fig. 7).

in figura 8 este prezentata variatia consumului specific
energetic efectiv Tn raport cu procentul volumetric de bio-
butanol din amestec. Se constata, in general, reducerea
consumului specific energetic cu cresterea procentului de
bio-butanol datorita Tmbunatatirii arderii (viteza de ardere
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higher burning rate and a higher content of oxygen in bio-
butanol molecule). For the optimized injection timing,
reducing the specific energetic consumption is more
pronounced: at 20% bio-butanol, the reduction is about
5% at full load and about 6% at 85% load.

Pollution aspects

At 85% load to the optimized timing injection NOy
emission level doesn’'t change compared to the standard
one. Also, at the same load, the emission of NOy level
decreases against the full load regime, because of the
decrease of the temperature from cylinder (fig. 9).

Figure 9 shows the variation of NOx emissions level by
the percentage of bio-butanol for the investigated
regimes. It was found a reduction of NOy emissions level
assured by optimization of the injection timing, which was
reduced comparatively to the standard injection timing.

INMATEH — Agricubtusal Engineering

mai buna si un continut mai mare de oxigen in molecula
de bio-butanol). Pentru avansul la injectie optimizat,
reducerea consumului specific energetic este mai
pronuntata: 20% bio-butanol, reducerea este de circa 5%
la sarcina totala si de circa 6% la sarcina de 85%.

Aspecte de poluare

La sarcina de 85% la avansul optimizat emisia de NOx
nu se modifica fatd de cel standard. De asemenea, la
sarcina de 85% emisia de NOy scade fata de regimul de
sarcina totald, deoarece scade temperatura din cilindru
(fig. 9).

in figura 9 este prezentata variatia emisiei de NOx cu
procentul de bio-butanol la regimurile investigate. Se
constata o reducere a emisiei de NOx prin optimizarea
avansului la injectie care a fost redus fata de avansul la
injectie standard.
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Fig. 9 - The NOy emission versus volumetric diesel fuel substitute
ratio for different loads / Emisia de NOyn funcfie de procentul de

substitufie volumetric a motorinei la diferite sarcini ale motorului

Regarding the emission of HC, it increases with the
percentage of biobutanol possible because of the flame
extinction at wall and in air-bio-butanol homogeneous
mixture, which becomes relatively leaner (fig. 10).

The exhaust gas opacity variation with the bio-
butanol’'s percentage at the investigated regimes is
represented in fig. 11. Generally the exhaust gas opacity
decreases with the bio-butanol percentage increasing. At
85% load, the influence is reduced both for the standard
injection timing and for the optimized injection timing,
while for the 100% load at optimized injection timing
there is a slightly increase than the standard injection
timing at the bio-butanol’'s percentage increase, which
can be due to a reduction of air excess coefficient.

Fig. 10 - The HC emission versus volumetric diesel fuel substitute
ratio for different loads / Emisia de HC in funcfie de procentul
de substitufie volumetric a motorinei la diferite sarcini ale motorului

in ceea ce priveste emisia de HC, aceasta creste cu
procentul de bio-butanol, posibil din cauza stingerii
flacarii la perete si Tn amestecul omogen aer-bio-butanol,
care devine relativ sarac (fig. 10).

In figura 11 este reprezentatd variatia opacitatii
fumului din gazele de evacuare cu procentul de bio-
butanol la regimurile investigate. In general opacitatea
gazelor de evacuare scade cu cresterea procentului de
bio-butanol. La sarcina de 85% influenta este redusa atéat
pentru avansul standard cét si pentru cel optimizat, iar
pentru sarcina de 100% la avansul optimizat se constata
0 usoara crestere fata de avansul standard la cresterea
procentului de bio-butanol, fapt ce se poate datora
scaderii coeficientului de exces de aer.
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Fig. 11 - The fume emission represented by opacity versus
volumetric diesel fuel substitute ratio for different loads /
Opacitatea in functie de procentul de substitufie volumetric a
motorinei la diferite sarcini ale motorului

It is found that CO, emission level decreased at the
biobutanol use comparing to Diesel fuel for an injection
timing optimized at full load, possibly due to higher
oxygen content of bio-butanol molecule (the combustion
has improved due to the higher burning rate of the bio-
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Fig. 12 - The CO,emission versus volumetric diesel fuel
substitute ratio for different loads sarcini ale motorului /
Emisia de CO; in funcfie de procentul de substitutie
volumetric a motorinei la diferite sarcini ale motorului

Se constata ca emisia de CO, a scazut la utilizarea
bio-butanolului comparativ cu motorina pentru un avans
la injectie optimizat la sarcina totald, posibil datorita
continutului mai ridicat de oxigen din molecula de bio-
butanol (arderea s-a Tmbunatatit datoritd vitezei de
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butanol). At a load of 85% at an optimized timing
injection, CO, emission level doesn’t change from
standard injection timing (fig. 12).

CONCLUSIONS
Bio-butanol represents a viable alternative solution for

its use as fuel for Diesel engine in order to reduce

pollution and increase engine’s economicity.

Experimental tests performed on a Diesel engine with
direct injection revealed the influence of bio-butanol’s
percentage from the mixture with Diesel fuel on the
combustion, fuel consumption and pollution emissions.
Compared with the results of standard engine at the
operation of the engine with Diesel fuel mixture and 20%
bio-butanol, the following conclusions can be presented:

« specific energetic consumption of the engine was
reduced by about 5%;

« maximum pressure from the cylinder decreases with
the increase of the bio-butanol’s percentage from the
mixture, while the maximum rate pressure rise
registers a slightly increase;

» gas opacity easy increases with biobutanol content in
mixture with the Diesel fuel at the full load but slightly
decreases at 85% load;

» NOy emission was significantly reduced by about 25%
for example at full load at the operation with optimized
injection timing;

« CO;emission was reduced by about 10% for full load;

« CO emission was below measurable limit for both
Diesel and bio-butanol using.

The fuelling of the Diesel engine with Diesel fuel-bio-
butanol blends represents a relatively easy method to
apply without requiring major changes in the construction
of the engine. Researches are required to establish the
adjusting optimum parameters in order to obtain the best
energetic performance and reduced pollution with
maintaining or increasing power performance.
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ardere mai mare a bio-butanolului). La sarcina de 85% la
un avans optimizat emisia de CO. nu se modifica fata de
avansul standard (fig. 12).

CONCLUZII

Bio-butanolul reprezinta o solutie alternativa viabila
pentru utilizarea sa drept combustibil la motorul Diesel cu
scopul reducerii poludrii si cresterii economicitatii motorului.

Tncercarile experimentale efectuate pe un motor Diesel
cu injectie directa au pus n evidenta influenta procentului
de bio-butanol din amestec cu motorina asupra
economicitatii si emisiilor poluante. Comparativ cu
rezultatele motorului standard la functionarea motorului
cu amestec motorind si 20% bio-butanol s-au obtinut
urmatoarele:

- consumul specific energetic al motorului s-a redus cu
circa 5%;

« presiunea maxima din cilindru scade cu cresterea
procentului de bio-butanol din amestec, iar viteza
maxima de crestere a presiunii nregistreaza o
usoara cregtere;

- opacitatea gazelor creste cu continutul de bio-
butanol in amestec cu motorina la sarcina totala, dar
scade usor la sarcina de 85%;

» emisia de NOy s-a redus semnificativ, de exemplu cu
circa 25% la sarcina totala la functionarea cu avansul
la injectie optimizat din acest punct de vedere;

- emisia de CO; a scazut cu circa 10% la x = 1;

- emisia de CO s-a situat sub limita masurabila atat
pentru motorina cét si pentru bio-butanolul.

Alimentarea motorului Diesel cu amestec de motorina-
bio-butanol reprezinta o metoda relativ usor de aplicat
fara sa necesite modificari majore ale constructiei
motorului. Se impun cercetari pentru a stabili parametrii
optimi de reglare pentru a se obtine cele mai bune
performante de economicitate si poluare cu mentinerea
sau cregterea performantelor energetice.
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Abstract: The need of fresh air breading, especially in
congested places and fuel price increasing led to new
solutions for Diesel engine fuelling. The alternative
fuels are a very good choice regarding pollutant
emissions and price decreasing. This paper objective
is to highlight comparative aspects between results
obtained in the case of fuelling a Diesel engine with
Diesel fuel and, respectively Diesel fuel and LPG,in
order to be also used at agricultural tractors, either
experimentally on test bed, or by thermodynamic
processes modeling. The computer software used in
this work is AVL Boost, a friendly and powerful
environment, built by AVL Austria. The created model
simulates a dual mode fuelling of a Diesel engine with
Diesel fuel and LPG.
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Keywords: Diesel, combustion, heat

pollutants, injection rate

law,

INTRODUCTION

The reduced LPG price and its good behavior regarding
pollutant emission made this fuel to be very attractive for
study, either experimentally or by computer modeling.

The development of engines in the last period requires
interest for what is happening inside the cylinder and
especially for the phenomena with the greatest
complexity, the combustion. Many researchers applied
engine cycle computing models, this models being
calibrated with experimental methods. The engine
processes computing started in 1950 with simple
thermodynamic models [13], afterward appearing multi
zone models in 1970 [13]. By using computer modeling
precious time can be saved, test bed measurements
requiring long time for equipment calibration and
preparing and money, because the engine is turned off
and the fuel is saved. By modeling can be investigated
phenomena like: dual fuelling system influence, injection
timing influence, engine speed influence, fuel cycle dose
influence, supercharging pressure influence over
pollutant emission and engine energetic performance etc.
In the case of using LPG, as an alternative fuel which
replaces a part of Diesel fuel, like in this work, can be
showed its substitute ratio influence. A dual fuel system
was studied by J. Barata in the paper [4], the author
being interested about pollutant emissions in the case of
propane fuelling. Important results were obtained,
especially for the nitric oxides emissions level, which was
lesser than standard engine emission for all the studied
regimes and for unburned hydrocarbons reducing the
EGR quantity increasing was necessary. Due to EGR
increased quantity, the combustion become faster,
because of the presence of radicals [3]. Another very
important aspect for a Diesel engine is the combustion
noise. This noise was studied first by Ricardo in 1931
[12], and a very tight connection between the combustion
noise and the rate of pressure rise was discovered [12].
This fast rate of pressure rise creates a sound wave
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Rezumat: Nevoia de a respira un aer mai curat, mai
ales in zonele aglomerate, precum gi cresterea prefului
combustilului a condus la gédsirea de noi soluttii pentru
alimentarea motorului Diesel. Combustibilii alternativi
sunt o foarte bund alegere in ceea ce priveste emisiile

poluante i preful. Obiectivul acestei lucrdri este
evidenfierea unor aspecte comparative intre rezultatele
obfinute in cazul alimentdrii motorului Diesel cu

motorind, respectiv motorina si GPL, Tn vederea utilizarii
si la tractoarele agricole, atat experimental pe standul
de incercari, cat si prin modelare. Software-ul utilizat Tn
aceastd lucrare este AVL Boost, un mediu prietenos si
foarte performant, realizat de firma AVL Austria.
Modelul creat simuleazd un motor Diesel alimentat in
mod dual cu motorind si GPL.

Cuvinte cheie : motorind, ardere, lege de degajare a
céldurii, poluanfi, lege de injectie

INTRODUCERE

Pretul redus al GPL-ului si nivelul redus al emisilor
poluante fac acest combustibil foarte atractiv pentru
studiu, atat experimental, céat si prin simulare.

Dezvoltarea motoarelor din ultima perioada necesita
un interes deosebit asupra a ceea ce se intampla Tn
interiorul cilindrului si mai ales asupra a celui mai
complex fenomen, si anume arderea. Multi cercetatori au
aplicat modele de calcul ale ciclului motor, aceste modele
fiind calibrate prin metode experimentale. Modelarea
computerizatd a proceselor a inceput in anul 1950 cu
modele termodinamice simple [13], aparand dupa aceea
modele multizonale in 1970 [13]. UtilizAdnd simularea
computerizata se poate economisi atat timp pretios,
masuratorile pe stand necesitdnd un timp indelungat
pentru calibrarea si pregatirea echipamentelor, precum si
bani, nemaifind necesara functionarea motorului. Prin
modelare se pot investiga fenomene ca: influenta
sistemului dual de alimentare, a dozei de combustibil pe
ciclu, a presiunii de supraalimentare asupra emisiilor
poluante si performantelor energetice ale motorului etc.
In cazul utilizarii GPL-ului ca si combustibil alternativ care
Tnlocuieste o parte din motorind, asa cum se analizeaza
in aceasta lucrare, se poate evidentia efectul gradului de
substitutie al motorinei cu GPL. Un sistem dual de
alimentare a fost studiat de J. Barata in lucrarea [4],
autorul fiind interesat de nivelul emisiilor poluante n
cazul alimentarii cu propan. Au fost obtinute rezultate
importante, in special pentru emisia de oxizi de azot, care
a fost mai redusa decat cea a motorului standard pentru
toate regimurile studiate, iar pentru reducerea emisiei de
hidrocarburi nearse a fost necesara marirea gradului de
recirculare a gazelor arse. Odata cu cresterea cantitatii
de EGR, arderea a devenit mai rapida datorita prezentei
radicalilor [10]. Un alt important aspect in functionarea
motorului Diesel 1l reprezinta zgomotul de ardere. Acesta
a fost studiat prima data de Ricardo in 1931 [12], el
descoperind o stransa legatura intre zgomotul de ardere
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which propagates in the engine mass and produces
vibrations. The combustion noise can be increased or
decreased by many facts: the use of a Diesel fuel — water
emulsion [6, 15]; steam injected in intake plenum in the
case of dual fuel system operation [16, 17]; fuelling with
gaseous fuels like: LPG, methane or other gases [18,
17]. In the work [14], the author realized a quasi
dimensional model, combined with a kinetic mechanism,
to study the combustion process for an engine fuelled in
dual system, at part load, with EGR quantity and Diesel
fuel pilot increasing. The work achieved result like
proper combustion positioning near TDC, EGR quantity
optimization for unburned hydrocarbons reducing at the
same level with the standard engine. The injection rate
modifying was studied by A. Voicu in [20], using a quasi
dimensional model written by AVL from AVL Boost
software. Was investigated the influences of modifying
the injection rate from a standard one to a fractioned
one, with Diesel fuel pilot, over energetic and pollutant
performances, for a tractor Diesel engine fuelled in
dual system. The study led to the brake thermal
efficiency increasing and polutant emission optimization
according with the engine manufacturer limits [19]. In
[5], the authors studied the influence of injection timing
for a tractor engine fuelled with Diesel fuel and
hydrogen enriched gas. The software used was AVL
Boost 2009. After injection timing optimization, the
following results were obtained: a slight increase of the
brake thermal efficiency, a slight increase of the
cylinder maximum pressure, a significant reducing for
the carbon monoxide emission but an increase of the
nitric oxides emission [5]. Abd Alla et al. [1, 2]
developed a model used for combustion computing in a
Diesel engine with indirect injection and fuelled with a
dual system. The model predicted the engine energetic
performance and studies the effect of the gaseous fuel
mixing kinetic mechanisms and the role of the Diesel
fuel pilot injection. Also, the EGR influences were
investigated. For the combustion study in this case of
dual fuel system, a double Vibe function was used.
Karim et al [8, 9], investigated the EGR influence
analytic, by modeling self ignition in air-propane, air-
methane mixtures. The results led to the fact that the
EGR benefits could be deteriorated by the dilution
effect.

The paper shows the effects of using LPG at a Diesel
engine either experimental or by modeling.

MATERIAL AND METHOS
Theoretical and experimental investigations

Both theoretical and experimental analysis were made
on a K9K 792 dCi Diesel engine, at the 85% load
regimen and 2000 rpm, fuelled with LPG using Diesel-
Gas method with different substitute ratios of the Diesel
fuel. In the engine cylinder is burnt an air-LPG
homogeneous mixture ignited by Diesel fuel pilot prior
injected. The engine parameters are presented in table 1
and LPG properties in Table 2.
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si viteza de crestere a presiunii [12]. Cresterea rapida a
presiunii creaza o unda de soc care se propaga in
intreaga masa a motorului si produce vibratii. Zgomotul
de ardere poate fi modificat Tn sensul cresterii sau
descresterii prin mai multe procedee: utilizarea unei
emulsii apa-motorina [6, 15], injectia de abur Tn colectorul
de admisie Tn cazul utilizarii unui sistem dual de
alimentare [16, 17], alimentarea cu combustibili gazosi
cum ar fi: GPL, metan sau alte gaze [18, 17]. In lucrarea
[14], autorul a realizat un model cvasidimensional,
combinat cu un mecanism cinetic, in scopul studierii
procesului de ardere pentru un motor Diesel alimentat Tn
mod dual, la sarcini partiale gi cu cresterea cantitatii
EGR. Lucrarea a avut rezultate ca: pozitionarea arderii
langad PMI, optimizarea cantitati EGR pentru reducerea
emisiei de hidrocarburi nearse pana la nivelul motorului
standard alimentat cu motorina. Modificarea legii de
injectie a fost studiata de A. Voicu in [19], folosind un
model cvasidimensional al firmei AVL. Au fost investigate
influentele modificarii legii de injectie de la cea standard
la una cu pilot de motorina, asupra performantelor
energetice si de poluare ale unui motor de tractor
alimentat Tn sistem dual. Studiul a dus la cresterea
randamentului efectiv si optimizarea emisiilor poluante Tn
limitele impuse de fabricant [20]. Tn [5], autorii au studiat
influenta avansului la injectie pentru un motor de tractor
alimentat cu motorind si gaz bogat in hidrogen.
Programul utilizat a fost AVL Boost 2009. Dupa
optimizarea avansului au fost obtinute urmatoarele
rezultate: o usoara crestere a randamentului efectiv, o
crestere usoara a presiunii din cilindru, o reducere
semnificativa a emisiei de monoxid de carbon, dar o
crestere a emisiei de oxizi de azot [5]. Abd Alla et al. [1,
2], au dezvoltat un model de calcul al arderii pentru un
motor Diesel cu injectie indirecta si alimentat cu un sistem
dual. Modelul a prezis performantele energetice si studiaza
efectele mecanismelor cinetice de amestecare ale
combustibilului gazos si rolul injectiei pilot de motorina.
De asemenea, influentele EGR au fost investigate.
Pentru studiul arderii Th acest caz al sistemului dual de
alimentare a fost utilizata o lege dubla Vibe. Karim si altii
[8, 9] au investigat influenta EGR prin modelarea analitica
a autoaprinderii unor amestecuri de aer-propan, aer-
metan. Rezultatele au condus la faptul ca efectele
benefice ale EGR pot fi diminuate de efectul de dilutie.

Lucrarea prezinta unele efecte ale utilizarii GPL la
motorul Diesel atat experimental cat si teoretic.

MATERIAL S| METODA
Investiga tii teoretice gi experimentale

Atéat analiza teoretica, cat si cea experimentala a fost
efectuata pe un motor Diesel K9K 792 dCi, la regimul de
85% sarcina si 2000 rpm, alimentat cu GPL prin
procedeul Diesel-Gas si cu diferite grade de substitutie
ale motorinei. Tn cilindru este ars un amestec omogen de
aer-GPL aprins de pilotul de motorina. Parametrii
motorului sunt prezentati in tabelul 1, iar proprietatile GPL
n tabelul 2.

Table 1/ Tabelul 1

Bore / Alezaj 76 mm
Stroke / Cursa 80.5 mm
Compression ratio / Raport de comprimare 18.3

Total displacement / Cilindree totald 151
Connecting rod length / Lungimea bielei 134 mm
Maximum power @ speed / Putere maxima @ turafie 52 kW @ 3900 rpm
Maxim torque @ speed / Moment maxim @ turafie 156Nm @ 2000rpm
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Table 2 / Tabelul 2

LPG properties, comparing to Diesel fuel [7]

Properties / Propriet afi D:\(Zz(te(;rfilrj\e;/ P;?gzgﬁ/ B;Latgﬁ/
Density / Densitate [kg/m?3] 800-840 503
\églp:joﬂéaégr\]/:;?;éare [kJ/kg] 465 420
iﬁﬁﬁggﬁ?ﬁr’éﬁfﬁiﬁ.@efe [°C] 225 481 544
Limit e miamabiltate 4] 0655 2195
éloFrr:gltjgti/bﬁ?[lEg/ﬁg?eﬂ 15 15.71 15.49
Temperatira iacar '] 2054 1990
I(:’:ﬁlg:i: :jitii?igévi?:?e?igaré [MJ/m3] 3,6x10° 2,3x10*
Sﬁlﬁ?ﬁ ::Ig:ii?igévﬁ]l?e?’igaré [MJ/kg] 425 46.34 45.55
gﬁ:gnczpaun?lge[rclq 40-55 -2
Eﬁirllicr}gdzofiigtrllaere [°C] 71-193 -42.1 -11.7

IN CYLINDER PROCESSES MODELING

All the engine cylinders are identical; therefore the
mathematical model was made only for one cylinder. The
software used was AVL Boost, the model being
presented in figure 1. The injector presented in figure is
used for LPG gaseous injection.

MODELAREA PROCESELOR DIN CILINDRUL MOTORULUI

Toti cilindrii motorului sunt identici, asadar modelul
matematic a fost realizat doar pentru un cilindru.
Software-ul utilizat a fost AVL Boost, modelul fiind
prezentat in figura 1. Injectorul prezentat in figura este
utilizat pentru injectia de GPL in stare gazoasa.

BOOST - model_logan_amestec - Case 1 of Case Set 1
Programs  File Edit Elerienl
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Elements | model |

K pa Q= i
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Fig. 1 - The model created in AVL Boost / Modelul creat in AVL Boost

General parameters of the engine are presented in
figure 2 and those belonging to the equivalent element of
the cylinder are presented in figure 3.
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Parametrii generali ai motorului sunt prezentati in
figura 2, iar cei ai elementului echivalent al cilindrului Tn
figura 3.
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Fig. 3 - The cylinder equivalent element parameters / Parametrii elementului echivalent al cilindrului

The combustion model chosen is one developed by
AVL, named AVL MCC (Mixture Controlled
Combustion) [3]. One of the model hypotheses: due to
developments in recent years, the ignition delay is
shorter than it was in old period, and the time between
injection and auto-ignition became very close [3]. So
the heat release is considered to be controlled by the
fuel quantity available and the turbulent kinetic energy
density [3]:

aQ_¢
dg

f,(M;,Q =M, -

f,(k,V) =expC, e

Where:
Cmod - model constant [kJ/kg/deg CRAY;
Crate - CONnstant of mixing rate [s];
k - local density of turbulent kinetic energy [m?/s?];
Mt - injected fuel mass [kg];
LCV - the lower heating value [kJ/kg];
Q - cumulative heat release [kJ];
V - instantaneous cylinder volume [m?;
¢ - crank angle [deg CRA].

modf1 (M¢,Q)* f, (K,V) [3]
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Modelul de ardere ales este unul dezvoltat de AVL,
numit AVL MCC (ardere controlatd prin fenomenul de
amestecare) [3]. Una din ipotezele modelului: datorita
dezvoltarii motoarelor, intarzierea la autoaprindere are o
durata mai mica decat avea in trecut, si deci durata de
timp dintre injectie si autoaprindere a devenit foarte mica
[3]. Deci degajarea de caldura se considera a fi controlata
de cantitatea de combustibil disponibila si de densitatea
de energie cinetica turbulenta [3].

(1)
Q
—= I3 2
LCV (3] 2
Kk
Jk (3)

o 3
Unde:

Cmod — constanta modelului [kJ/kg/deg RAC];

Crate - CONStanta ratei de amestecare [s];

k - densitatea locala a energiei cinetice turbulente [m?/s?;
Mt - masa de combultibil injectata [kg];

LCV - puterea calorifica inferioara [kJ/kg];

Q - caldura degajata [kJ];

V - volumul instantaneu al cilindrului [m3];

¢ - unghi rotatie arbore cotit [deg RAC].
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Since the effects of squish and swirl over the kinetic
energy are relative small, only the kinetic energy from the
fuel spray is taken into account [3]. The amount of kinetic
energy introduced into the cylinder charge is determined
by the injection rate using the following relation:

dEkin,f
d¢
Where:
A - effective nozzle hole area [m2];
pr - fuel density [kg/m®;

L":p - injection rate [m*/s];

n - engine speed [rpm].

For the calculation of the instantaneous level of kinetic
energy the dissipation should be taken into account also
[3]. The dissipation is considered proportional to the
kinetic energy.

dEkin,F,dis

n .3
=18p._* (—)?*V [3]
Or (,uA)

_ dEkin,F
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Cum efectele fenomenelor de squish si swirl asupra
energiei cinetice sunt relativ mici, doar energia cinetica a
jetului de combustibil este luata n considerare [3].
Cantitatea de energie cinetica este determinata din legea
de injectie, utilizand urmatoarea relatie de calcul:

(4)

Unde:
A - aria efectiva a orificiului pulverizatorului [m2];

Pr - densitatea combustibilului [kg/m3];

L":p - debitul volumic de combustibil [m3/s];

n - turatia motorului [rpm].

Pentru calculul nivelului instantaneu al energiei cinetice,
disipatia trebuie deasemenea luata in considerare [3].
Disipatia se considera a fi proportionala cu energia
cinetica.

_ CDiss E (5)

dg

With oxidation, the kinetic energy of the jet is
transferred to the combustion gas [3]. So only the kinetic
energy of the unburned fuel can be utilized for mixture
preparation [3]. The local turbulent kinetic energy density,
k, is given by:

k

kin, F,dis [3]

d 6n

¢
Odata cu oxidarea jetului, energia sa cinetica este
transferata gazelor de ardere [3]. Deci doar energia
cinetica a combustibilului nears poate fi utilizatda pentru
pregatirea amestecului [3]. Densitatea locala de energie
cinetica turbulenta, k, este data de:

Ekin,F ,Diss

(3] ©)

=C
turb M

The constant C,,,,; considers the efficiency of the

Eur
transformation from kinetic energy to turbulent energy [3].

Crurh - constant for turbulence generation [-];

EyinF - Ietkinetic energy [J];

Ek:‘n,F,DEss - jet kinetic energy considering dissipation
JI;

1 : ;01 - Stoichiometric mass of fresh charge [kg/kg]

.lmff - air excess ratio for diffusion burning [-]

The combustion model is defined in figure 4, and
injection model in figure 5. The rate of injection was
modified according to the studied regime.

F (1 + /] Diff mstoich)

Constanta C,,,; considera eficienta transformarii

Eur
energiei cinetice Th energie turbulenta [3].

c - constanta pentru generarea turbulentei [-];

Ek:'nf - energia cinetica a jetului [J]

turk

energia cinetica a jetului considerand

E kingF.Diss
disipatia [J];
M s ;o - Masa incarcaturii proaspete la dozaj stoichiometric kg/kgl;

A Diff " coeficientul de exces de aer pentru arderea difuziva [-];

Legea de ardere este definita in figura 4, iar legea de
injectie in figura 5. Legea de injectie a fost modificata in
functie de fiecare regim.
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The mathematical model takes also into account
the wall heat transfer. The heat transfer for high
pressure cycle is evaluated by Woschni equation
[3].

_ _ V. T
a, =130D 02 pcOBTc 053[Clcm +02M(pc - pc,o)] % 3]

=2.28+0.308*cy/Cm

=0.00324 for direct injected engines;
=0.00622 for indirect injected engines;
-cylinder bore;

Cm -mean piston speed,;

Cu -circumferential velocity;

Vp - displacement per cylinder;

Pco- cylinder pressure of the motored engine [bar];
Te1 - temperature in the cylinder at intake valve

clésing (IVC);
Pc1- pressure in the cylinder at intake valve closing IVC
[bar];

For the gas exchange processes, the heat transfer is
evaluated by the following relation:

a,, =130D7% p°T *CyC, 1™ 13

Modelul matematic ia de asemenea in considerare si
transferul de caldura la pereti. Transferul de caldura la
pereti pentru ciclul de inaltd presiune este evaluat de
relatia lui Woschni [3]:

™

ci'c1

=2.28+0.308*Cy/Cm

=0.00324 pentru motoare cu injectie directa;
=0.00622 pentru motoare cu injectie indirecta;
-diametrul cilindrului;

Cm -viteza medie a pistonului;

Cu -viteza tangentiala;

Vp - cilindreea unitara;

Pco- presiunea din cilindru Tn ciclu antrenat [bar];

Teq - temperatura din cilindru la inchiderea supapei

de admisie;
Pc1- presiunea din cilindru la inchiderea supapei de
admisie ISA [bar].

Pentru procesele de schimb de gaze transferul de
caldura este evaluat de urmatoarea relatie:

®

C3:6.18+0.417* Cu/Cm

Figure 6 presents the heat transfer input parameters.

Figura 6 prezinta parametrii de intrare ai transferului de caldura.
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Experimental investigations

Experimental investigations were made on the
engine mentioned above, equipped with a LPG fuelling
system, at load 85% and 2000 rpm. The test bed
equipment usetoSchenck E90 eddy current engine
dynamometer, load actuator, AVL acquisition system,
AVL piezoelectric pressure transducer, AVL DiCom
4000 gas analyzer and opacimeter, Optimass fuel mass
flow meters, Khrone volumetric air flow meter,
thermocouples and thermoresistences for temperature
measuring, gas leak detector. Prior to measurements,
equipments were calibrated.

The engine parameters are presented in the table 1 and
the test bed diagram in figure 7.

— temperature measuring point
— pressure measuring point

B intake circuit

INMATEH — ngicultuml é_nM eeting

REZULTATE
Investiga tii experimentale

Investigatiile experimentale au fost facute pe motorul
mentionat mai sus, echipat cu un sistem de alimentare cu
GPL, la regimul de sarcina 85% si 2000 rpm. Echipamentele
standului de incercari sunt: frana cu curenti turbionari
Schenck E90, actuator de sarcina, sistem de achizitie de
date AVL, traductor piezoelectric de presiune AVL, analizor
de gaze si opacimetru AVL Dicom 4000, debitmetre
masice de combustibil Optimass, Debitmetru volumic de
aer Khrone, termocupluri si termorezistente pentru

masurarea temperaturii, detector de scurgeri de gaz.
Tnainte de masurétori toate aparatele au fost calibrate.

Parametrii motorului sunt prezentati in tabelul 1, iar
schema standului in figura 7.

B exhaust civcuit
Il LFPG fueling system

M  diesel fuelling system

--— electric connections

Fig. 7 - Test bed diagram / Schema standului

1 — 1.5 dci Diesel engine; 2 — engine cooling system; 3 — engine
water cooler; 4 — intercooler fan; 5 — engine angular encoder; 6 —
AVL piezoelectric pressure transducer; 7 — Diesel fuel injector; 8 —
LPG injector; 9 — Turbocharger; 10 — intake air drum; 11 — intake
air flow meter; 12 — exhaust gas recirculation; 13 —Schenck E90
dyno; 14 — dyno-engine coupling; 15 —Schenck E 90 dyno cooling
water pump; 16 —dyno cooling system; 17 —AVL Dicom 4000 gas
analyzer; 18 —AVL Dicom 4000 Opacimeter; 19 —AVL charge
amplifier; 20 — PC + AVL data acquisition system; 21 —Schenck E
90 dyno controller; 22 — temperatures displays: a) — exhaust gas;
b) — intake air; ¢) — engine oil; d) — engine cooling liquid; e) —
engine oil pressure; 23 — Diesel fuel and LPG injection control
Laptop; 24 — Diesel fuel tank; 25 — Diesel fuel mass flow meter; 26
— fuel filters; 27 — high pressure pump for common Rail; 28 —
Common Rail; 29 — LPG tank; 30 — LPG mass flow meter; 31 —
LPG vaporizer; 32 -LPG ECU; 33 -Diesel engine ECU; 34 —
intercooler; 35- supercharge pressure measuring system; 36-
throttle actuator.

Working procedure

For each energetic substitute ratio of the Diesel fuel
with LPG investigated, the Diesel fuel cycle dose is
reduced and LPG cycle dose is increased to keep the
standard engine power, either for test bed or computer

modeling. Energetic substitute ratio X_ is evaluated by
relation 9:

mpcH iLpG

1 — motor Diesel 1.5 dci; 2 —sistem de racire motor; 3 —radiator
motor; 4 —ventilatorul racitorului intermediar; 5 — traductor de
unghi; 6 — traductor piezoelectric de presiune AVL; 7 —injector de
motorina ; 8 —injector de GPL ; 9 —Turbocompresor ; 10 —vas de
linistire ; 11 — debitmetru de aer; 12 — EGR; 13 —frana Schenck
E90; 14 —cuplajul frénei ; 15 —pompa de racire frana Schenck E
90; 16 —sistem de racire frana; 17 —AVL Dicom 4000 analizor de
gaze; 18 —AVL Dicom 4000 Opacimetru; 19 —amplificator de
sarcina AVL; 20 — PC + AVL- sistem de achizitie de date; 21 —
controler Schenck E 90; 22 —afisaje de temperatura: a) — gaze de
evacuare; b) aer admisie; c) — ulei motor; d) — lichid de racire; e)
—presiune ulei; 23 — Laptop control injectie motorina si GPL ; 24 —
rezervor motorind; 25 — debitmetru masic motorina;-26 filtre de
combustibil; 27 — pompa inalta presiune common rail; 28 —rampa
comuna; 29 — rezervor GPL; 30 —debitmeru masic GPL; 31 —
Vaporizator GPL; 32 -LPG ECU; 33 -ECU motor; 34 -
intercooler; 35- sistem masurare presiune supraalimentare; 36-
actuator sarcina.

Procedura de lucru

Pentru fiecare grad de substitutie al motorinei cu GPL
investigat, doza de motorina este redusa, iar doza de GPL
marita pentru a mentine puterea motorului la nivelul celei
standard, atat in cazul masuratorilor pe standul de incercari,
cat si in cazul modelarii matematice. Gradul de substitutie

energetic a motorinei cu GPL x_ este evaluat de relatia 9:

X =

C

rnLPG H iLpG + mdieselfueIH

[11] 9

Idieselfuel
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Where:
M} pi- LPG cyclic dose measured with fuel mass flow meter;

M iesel Fusl -Diesel fuel cyclic dose measured with fuel

mass flow meter.
Hi- the caloric heating value.

RESULTS

First was determined the reference fuelling the
engine only with Diesel fuel, than Diesel fuel was
partially substituted with LPG. The engine power was
conserved. Figures below presents LPG influences
over cylinder pressure, temperature and pollutant
emissions.

In figure 8 is presented measured and calculated
cylinder pressure, for the reference case.

120
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Unde:
M pp- doza de GPL masurata cu debitmetrul masic;

mdiasa:fua:'doza de motorind masurata cu debitmetrul

masic;
Hi- puterea calorifica inferioara.

REZULTATE

Mai intdi a fost determinata referinta alimentand
motorul numai cu motoring, apoi motorina a fost substituita
partial cu GPL. Puterea motorului a fost conservata.
Figurile de mai jos prezintd influenta GPL-ului asupra
presiunii din interiorul cilindrului, temperaturii, emisiilor
poluante si consumului de combustibil.

Tn figura 8 este prezentata evolutia presiunii din cilindru,
atat masurat, cat si prin calcul, pentru cazul de referinta.

1/
ar|
|l e
I -
=sS&s&sssSsSsSes
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cylinder pressure [bar
=

presiunea din cilindru |

[
=

10¢

=== measured / masurat
m— calculated / calculat

-?00

-100

0 100

alfa [degCRA]

Fig. 8 - Measured and calculated cylinder pressure for the reference case /
Presiunea masurata si calculata pentru cazul de referinta.

According to the working procedure, LPG was
introduced in intake collector using Diesel-Gas method.
Three energetic substitute ratios were studied: xc.=2.46,
6.76 and 28.39. For a proper combustion positioning near
TDC, the injection timing was modified. Figure 9 presents
the cylinder pressure trace either for measurement or
modeling for the first substitute ratio studied x.=2.46. The
maximum pressure is maintaining almost the same like in
the case of Diesel fuel.

In concordantd cu procedura de lucru, GPL-ul a fost
introdus n colectorul de admisie folosind metoda Diesel-
Gas. Trei grade de substitutie au fost studiate: x.=2.46,
6.76 si 28.39. Pentru o pozitionare corectd a arderii fata
de PMI, avansul la injectia pilotului a fost modificat. Figura
9 prezintd evolutia presiunii pentru gradul de substitutie
Xc=2.46, atat In cazul masuratorilor, cat si al modelarii.
Presiunea maxima se mentine aproape la acelasi nivel ca
in cazul alimentarii cu motorina.
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Fig. 9 - Measured and calculated cylinder pressure for x.=2.46 /
Presiunea din cilindru masurata gsi calculatd pentru x.=2.46.
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The increase of the LPG quantity led to a higher
maximum pressure because of increases of the
heat released. This can be observed in figures 10
and 11.
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Cresterea cantitatii de GPL a dus la cregterea presiunii
maxime datorita cresterii catitatii de caldura degajate in
timpul fazei arderii rapide. Acest aspect poate fi evidentiat
n figurile 10 si 11.

===measured / masurat
=calculated / calculat

SSnsemmean, |

cylinder pressure [bar] /
presiunea din cilindru [b

0 100

alfa [degCRA]
Fig. 10 - Measured and calculated cylinder pressure for x.=6.76 /
Presiunea din cilindru masurata gsi calculatd pentru x.=6.76.

Even if the maximum pressure increases, it doesn'’t
affect the engine durability.

p—
o
=

Cresterea moderata a presiunii nu afecteaza

durabilitatea motorului.

===measured / masurat
= calculated / calculat
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Fig. 11 - Measured and calculated cylinder pressure for x.=28.39 /
Presiunea din cilindru masuraté si calculatd pentru x.=28.39.

Regarding the maximum computed cylinder
temperature, it increases from T=1985 K (obtained for
Diesel fuel) to T=2057 K (obtained for the maximum
substitute ratio investigated). The cylinder temperature
trace for all the studied cases is presented in figure 12.

2100

In ceea ce priveste temperatura calculatd maxima,
aceasta creste de la T=1985 K (obtinuta pentru motorina)
la T=2057 K (obtinuta pentru gradul maxim de substitutie
investigat). Evolutia temperaturii din cilindru este
prezentata in figura 12.
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Fig. 12 - The computed cylinder temperature for all the studied cases /
Temperatura calculatd pentru toate cazurile studiate
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Regarding pollutants, two emissions were investigated:
nitric oxides emission and smoke emission, represented
by soot. For computed model, the emissions are modeled
in the following way: for the nitric oxides emission
calculation, the extended Zeldovich mechanism is
employed [3] and for the soot emission is taken into
account the hypothesis that the concentration of soot in
the exhaust gases is determined by formation and

INMATEH — Agricubtusal Engineering

Din punct de vedere al emisiilor poluante, doua emisii
au fost studiate: oxizii de azot si fumul, reprezentat de
funingine. Pentru modelul calculat, formarea emisiilor este
modelata astfel: pentru emisia de oxizi de azot este folosit
mecanismul Zeldovich extins [3], iar pentru emisia de
funingine se ia in calcul ipoteza conform careia
concentratia de funingine din gazele de evacuare este
determinatd de legile de formare si oxidare [3]. Ecuatiile

oxidation laws [3]. The folowing ecuations describe soot urmatoare descriu legile de formare si oxidare ale
formation and oxidation laws: funinginii:
dn‘Ef _ 05 - Esf
=AMy, P~ expt—=) 3] ©)
d ’ RT
t
drnsc — pOZ 18 ex ~ Esc) 3 10
— =AM —=prexp(==*) @l (10)
dt p RT
Where: Unde:
Mms- SO0t mass ms- masa funinginii
Mig- gaseous fuel mass Mtg- masa combustibilului gazos
mst- SO0t mass formed ms- masa de funingine formata
Msc- SO0t mass oxidized Msc- masa de funingine oxidata
Est- activation energy formation Es- energia de activare pentru formare
Esc- activation energy oxidation Esc- energia de activare pentru oxidare
Sc1 -pata BEE
= Identical Cylinders = [ e
Cancel
:j iy‘g;ﬁ;ral i Pollutants = Help
B Piston Motion
= B Chamber
B User Defined Scavenge |
— B Initialization
| B SHP Ccondition Setting [— MNOx Praduction Model
i E %DCE“:“D” NOX Kinetic Multiplier [Frex | 1
£ Double YVibe MOx Postprocessing Multiplier  |=nox_m -1
g ¥\T;’2‘EZDHE Table O Production kMod
% ‘lfw’rnegscg?zf\mg‘tg rco Kinetic Multiplier | &
5 S ESDE—r m;ﬁi‘-mﬁfﬂ,ue Cycle [ AT A AR
B Constant Volume Soot Production Constant [Fsoat I
o is:i\f“géﬁ:zzzfrf Soot Consumption Constant =soot_cons [-]
= @ Vibe 2 Zone
B Target Pressure Curve
5L S ;f;?teatlpreﬁsure Curve = '—,
B HCCl 6 Zone
B In Cylinder B apai e R vy
Fogfini;!i;:;mber Sas Eng '— ¥
Bl knock - [E=rees | o
T g?ﬂt\;;ing:nrbratmn Factor 1=l =
B8 Head Calibration Factor 1 = :_‘

B8 Liner Calibration Factor
s e =1

J = = |

Apply |

Help |

Fig. 13 - The AVL Boost pollutants model /
Modelul de calcul al poluantilor in AVL Boost

The NOy emission is lower than in the case of Diesel
fuel for all the substitute ratios used, either for
measuring of modeling. This is possible because in the
case of using LPG, the excess air ratio become lower.
In table 3 are presented the nitric oxides emissions
levels for all cases, measured and computed with AVL
Boost.

Emisia de NOyeste mai mica decéat in cazul alimentarii
cu motorina pentru toate gradele de substitutie investigate.
Acest lucru este posibil deoarece in cazul utilizarii GPL
coeficientul de exces de aer scade. In tabelul 3 este
prezentat nivelul emisiei de oxizi de azot pentru toate
cazurile investigate, atat pentru masuratori, cat si pentru
modelare in AVL Boost.

Table 3 / Tabelul 3

The nitric oxides emission / Emisia de oxizi de azo t

measured / Computed / Relative error /
Case / Caz masurat Calculat Eroare relativ a
NOx [ppm] NOx [ppm] [%]
Diesel fuel / Motorina 758 782 -3.07
X=2.46 562 581 -3.27
X:=6.76 443 431 2.78
X:=28.39 491 486 1.03
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The smoke emission, in the case of LPG fuelling is
maintaining at the same level like in the case of Diesel fuel
for substitute ratios until 6.76. For substitute ratio x.=28.39
the smoke emission increases suddenly because the
mixture become rich, LPG being injected in intake
manifold and replacing partially the intake air. The smoke
emission is presented in table 4, relative to the case of
standard engine fuelling.

INMATEH — Agricubtusal Engineering

Emisia de fum, Tn cazul alimentarii cu GPL se mentine
la acelasi nivel cu emisia motorului alimentat cu motorina
pana la grade de substitutie mai mici decat 6.76. Pentru
gradul de substitutie x.=28.39 emisia de fum creste brusc
deoarece amestecul devine foarte bogat, GPL- ul fiind
injectat Tn colectorul de admisie si inlocuind partial aerul
de admisie. Emisia de fum este prezentata in figura 4,
relativ fata de cazul motorului standard.

Table 4/ Tabelul 4

The smoke emission / Emisia de fum

Relative measu
smoke

Case / Caz

relativ @ masur

[

red

Emisia de fum

ata

Relative computed
smoke

Emisia relativ @

calculat @ de fum

[

Relative error
Eroarea relativ a
[%0]

Diesel fuel / Motoring 1 1

X=2.46 1.043 1.12 -7.33
X:=6.76 0.863 0.963 -11.58
X:=28.39 8.93 6.75 24.45

Regarding the combustion noise, evaluated by the
maximum rate of pressure rise, the results are presented
in figure 14.

Tn ceea ce priveste zgomotul de ardere, evaluat de
viteza maxima de crestere a presiunii, rezultatele sunt
prezentate in figura 14.
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Fig. 14 - The measured maximum rate of pressure rise versus the substitute ratio /
Viteza maximd masurata de cregtere a presiunii versus gradul de substitufie.

The rate of pressure rise increases its value for all
the investigated substitute ratios. This is explained
by higher flame speed in air-LPG homogeneous
mixture, flame which appears in pilot Diesel fuel jet
envelope.

For the computed model the results are little different.
The computed maximum rate of pressure rise is presented
in figure 15.
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Viteza de cresere a presiunii creste pentru toate
gradele de substitutie investigate. Acest lucru este explicat
de o viteza mai mare a flacarii In amestecul omogen de
aer-GPL, flacara ce apare in anvelopa jetului pilotului de
motorina.

Pentru modelul calculat rezultatele sunt putin diferite
fatd de cele experimentale. Evolutia vitezei maxime de
crestere a presiunii calculate este prezentata in figura 15.
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Fig. 15 - The computed maximum rate of pressure rise versus the substitute ratio /
Viteza maximéa de crestere a presiunii calculata.

The brake specific energetic consumption, in the case of
LPG fuelling was maintained approximately constant for all
the investigated substitute ratios. The measured energetic
break fuel consumption is presented in figure 16.

Consumul specific energetic in cazul alimentarii cu GPL
s-a mentinut aproximativ constant pentru toate gradele de
substitutie analizate. Consumul specific energetic masurat
este prezentat n figura 16.
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Fig. 16 - The measured brake energetic consumption versus the substitute ratio /
Consumul specific energetic masurat versus gradul de substitutie

CONCLUSIONS

1. Nitrous oxides emissions level decreases for all the
investigated substitute ratios.

2. The smoke emission is maintained approximately at the
same level like in the case of using pure Diesel fuel for
substitute ratios up to 6.76% and increases for greater
substitute ratios, because of cylinder air filling worsening.

3. The software can predict very well engine performance
and emissions after calibration.

4. Fuelling with LPG will not affect the engine reliability.

5. The maximum rate of pressure rise increases for all the
investigated substitute ratios, because of higher flame
speeds in air-LPG homogeneous mixtures.

6. The break specific fuel consumption maintained
approximately constant for all the investigated substitute
ratios.
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CONCLuUzIl

1. Nivelul emisiei de oxizi de azot scade pentru toate
gradele de substitutie investigate.

2. Emisia de fum se mentine aproximativ la acelasi nivel ca in
cazul alimentarii cu motorina, pentru grade de substitutie
pana la 6.76% si creste pentru grade de substitutie mai mari
deoarece umplerea cilindrului se inrautateste.

3. Programul de calcul poate prezice foarte bine
performantele motorului dupa calibrare.

4. Alimentarea cu GPL nu afecteaza fiabilitatea motorului.
5. Viteza maxima de crestere a presiunii creste pentru
toate gradele de substitutie investigate, din cauza vitezei
mai mari a flacarii Tn amestecul omogen de aer-GPL.

6. Consumul specific energetic se mentine aproximativ la
acelasi nivel pentru toate gradele de substitutie
investigate.
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data should not be included in the Results but should be
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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 materna, despartite de un slash (/).

Figurile trebuie scrise in ordine numerica. Grafica trebuie
realizata utilizand aplicatii capabile sa genereze JPEG de
fnaltd rezolutie, Tnainte de a introduce in dosarul
manuscris Microsoft Word (Insert - From File - ... JPEG).
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...jpeg). Use Arabic numerals to designate figures and
upper case letters for their parts (Figure 1). Begin each
legend with a title and include sufficient description so that
the figure is understandable without reading the text of the
manuscript. Information given in legends should not be
repeated in the text. Each figure must be inserted on the
entire width of the page, into the text where reference is
made, single columns (see attached sample). Leave a
space between the figure and the text of figure, size: 3 pt.,
figure number is written in Arial bold , size: 8 pt., followed
by what represent the figure or graph, written with Arial,
regular, 8 pt. Left to write in English (regular), followed by a
separating slash (/) and text in native language (Arial italic).
Eg:
Fig 1 - Test stand / Stand de testare (size: 8 pt.)

The figures should be "In line with text" - Center, not
"Square"; "Tight"; "Behind text" or "In front of text" (from
"Format picture" - right mouse button on picture and then
"Layout".

Mathematics

Authors must provide instructions on how symbols and
equations should be set. Equations should be numbered
sequentially in the right-hand side and in parenthesis. They
should be referred to in the text as Equation (4) or Eg. (4).
Each equation must be written on the entire width of the
page, into the text where reference is made, the columns
are broken (see attached sample).

REFERENCES: are made in the text; a reference
identified by [1], [2], ... [n] is written in the order that was
placed at the end of the work - alphabetically.

Example:

(1], (2], [3], ..., [n]

References should be listed at the end of the paper in
alphabetical order. Articles in preparation or articles
submitted for publication, unpublished observations,
personal communications, etc. should not be included in
the reference list but should only be mentioned in the
article text (e.g., A. Danciu, University of Bucharest,
Romania, personal communication). Authors are fully
responsible for the accuracy of the references.

Examples:
Journal / Magazine:

[1]. Nicolescu M.A. (2007) - Relevant characteristics of
alternative liquid fuels aimed at Diesel engines exploitation
in polycarburation duty. INMATEH - Agricultural Engineering,
vol. 27, no. 1/2009, ISSN 1583-1019, pg. 50-55.

[2]. Pirna I, Nicolescu M., Marin M., Voicea | (2009) -
Alternative supply of agricultural tractors with raw oils.
INMATEH - Agricultural Engineering, vol. 29, no. 3/2009,
ISSN 1583-1019, pg. 89-92.

Conference or Symposium:

[1]. Bungescu S, Stahli W, Biris S, Vladut V, Imbrea F,
Petroman C (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on
Agricultural Engineering "Actual Tasks on Agricultural
Engineering”, Opatija - Croatia, ISSN 1333-2651, pg.
177+184.

Book:

[1]. VI&dut 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
procesului de treier Tn aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.

INMATEH — Agricubtusal Engineering

Folositi cifre arabe, pentru a desemna cifre si litere
majuscule pentru partile lor (Figura 1). Tncepeti fiecare
legenda cu un titlu care sa includa o descriere suficienta,
astfel incéat figura sa poata fi inteleasa, fara citirea textului
din manuscris. Informatiile furnizate in legende, nu trebuie
repetate n text. Fiecare figura trebuie introdusa pe
intreaga latime a paginii, in text, acolo unde se face
referire, 0 singura coloana (vezi atasat esantion), centrat.
Lasati un spatiu intre figura si textul figurii, marimea: 3 pt.;
numarul figurii va fi scris cu bold, 8 pct., centrat, urmat de
ceea ce reprezinta figura sau graficul, scris cu 8 pt.,
normal. Prima datd se scrie textul in limba engleza
(normal), urmat de un slash (/) apoi textul in limba materna
(italic). Exemplu:

Fig. 1 - Test stand / Stand de testare (marimea: 8 pt.)
Figurile introduse trebuie sa fie "In line with text" - Center,
nu "Square”; "Tight"; "Behind text" or "In front of text" (din
"Format picture" - butonul dreapta mouse pe figura si apoi
"Layout").

Formulele matematice, ecua tile: 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 Tn 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 atagat
model).

REFERINTELE: se fac in text; o referinta identificata prin
intermediul [1], [2], ...[n], se scrie Tn ordinea Tn care a fost
trecuta la sfarsitul lucrarii - ordine alfabetica.

Exemplu:

(1], (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 n textul lucrarii (exemplu,
A. Danciu, Universitatea din Bucuresti, Romania,
comunicare personald). Autorii sunt pe deplin responsabil
pentru exactitatea referintelor.

Exemple:
Jurnal / Revist a

[1]. Nicolescu M.A. (2007) - Proprietéfile relevante ale
combustibililor lichizi alternativi vizafi pentru exploatarea
motoarelor Diesel Tn regim policarburat, INMATEH -
Inginerie Agricola, vol. 27, nr. 1 / 2009, ISSN 1583-1019,
pg. 50-55;

[2]. Pirna I, Nicolescu M., Marin M., Voicea | (2009) -
Alimentarea alternativd a tractoarelor agricole cu uleiuri
vegetale crude, INMATEH - Inginerie Agricola, vol. 29, nr.
3 /2009, ISSN 1583-1019, pg. 89-92.

Conferin ta / Simpozion

[1]. Bungescu S, Stahli W, Biris S, Vladut V, Imbrea F,
Petroman C (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on Agricultural
Engineering "Actual Tasks on Agricultural Engineering",
Opatija - Croatia, ISSN 1333-2651, pag. 177+184.

Carte

[1]. VI&dut V (2009) - Studiul procesului de treier in
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lagi - Romania.

Capitol din carte

[1]. Viadut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. In: Studiul
procesului de treier Tn aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
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Dissertation / Thesis:

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu masini agricole
pentru pregétirea terenului in vederea insdmanfarii. 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 — Agricubtusal Engineering

Diserta tii / Teze de doctorat

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu magini agricole
pentru pregatirea terenului Tn vederea Tnsdmantarii. Teza
de doctorat, Universitatea Transilvania Brasov, Brasov,
Romania.

Unitati, Abrevieri, Acronime
= unitatile metrice trebuie sa fie, in general, Sl, si
exprimate Tn 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,
ncorporédnd 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 Tncurajate 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 (obignuite), enumerate mai sus.
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