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/
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CU CARACTERISTICILE CONSTRUCTIVE ALE CILINDRILOR DE MACINARE
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Abstract: In the paper are presented the theoretical and
experimental researches results regarding the particle size
characteristics variation of grist coming from breakage
phase of wheat seeds on the milling plant technological
flow of 100 t / 24h capacity, along with constructive
parameters of grinding rolls. For determining the workflow
parameters of grinding rolls the mathematical model is
presented.

Keywords: particle size characteristics, wheat milling,
roller mill, parameters of flute, breakage

INTRODUCTION

In milling plant, the grinding process of wheat seeds
includes three main operations: crushing, screening and
grinding. Wheat seeds crushing are done in mills with pairs
of fluted rolls which rotate in opposite directions and have
different angular speeds, in order to detach the endosperm
from the bran and grinding it in flour and semolina
particles.

In breakage phase, the wheat seeds grinding is
influenced by physical and mechanical characteristics of
seeds and grist (particle shape and size, particle size
distribution, moisture content, hardness) and grinding rolls
construction and operation (rolls speed, differential speed,
roll disposition, flutes profile, specific number of flutes, roll
gap) [2,3].

Construction and working parameters of grinding rolls
must be adjusted according to wheat seed size and grist
particles [7].

Study of influence of grinding rolls constructive and
functional parameters on the milling process can be done
by evaluating the particle size characteristics of material to
be ground and grist (medium patrticle size, specific surface,
grinding degree, surface increase), flour quality and
energy consumption.

In the breakage phase, different roll disposition has
resulted in different distribution of stress and, thus, in
different wheat seed breakage and different size
distribution obtained, [5]. Chaoying F. and Grant Cambell
(2002) [5], studying the roll disposition influence on the
grinding process, have shown that back to back (B/B) roll
disposition is recommended to the other positions. In this
case, grinding is performed, primarily, by compression
(crushing), leading to fragmentation and crushing of fragile
endosperm, while the bran remains relatively intact, [5,6].
This fact easies the separation of endosperm from the
bran.

The relationship between grinding roll gap and grist
particle size can be approximated by a linear function, [10].
Chaoying F. and Grant Cambell (2002) [6], changing the
roll gap from 0.3 mm to 0.7 mm were obtained greater
mass fraction of large particles.

The studies performed [1, 9] have shown that between
the degree of grist extraction and speed of fast grinding roll
is a direct linear dependence. The ratio of speed grinding

Rezumat: In lucrare sunt prezentate rezultatele unor cercetdri
teoretice si  experimentale referitoare la  variafia
caracteristicilor granulometrice ale macinisurilor rezultate din
faza de grotare a seminfelor de grau de pe fluxul tehnologic al
unei unitdfi de mordrit cu capacitatea de 100 t / 24h, cu
parametrii constructivi ai cilindrilor de mécinare. Este
prezentat modelul matematic pentru determinarea
parametrilor procesului de lucru al cilindrilor de macinare.

Cuvinte cheie: caracteristici granulometrice, macinare
grau, moard cu cilindri, parametrii riflului, grotare

INTRODUCERE

In unititle de morarit procesul de méacinare a
semintelor de grau cuprinde trei operatii principale:
sfardmarea, cernerea i maruntirea. Sfaramarea semintelor
de gréu se realizeaza in mori cu perechi de cilindri riflati ce
se rotesc Tn sensuri contrare si au viteze unghiulare
diferite, urmarind detasarea endospermului de Tnvelis si
maruntirea lui Tn particule de faina si gris.

In faza de srotare, maruntirea semintelor de grau este
influentata de caracteristicile fizice si mecanice ale semintelor si
produselor de macinig (forma gi marimea particulelor, distributie
dupa dimensiuni, continut de umiditate, duritate) si de
constructia si functionarea cilindrilor de moara (turatia cilindrilor,
viteza diferentiald, dispunerea cilindrilor, profilul riflurilor,
numarul specific de rifluri, distanta dintre cilindri) [2,3].

Constructia si parametrii de lucru ai cilindrilor de
macinare trebuie sa fie ajustate Tn functie de dimensiunile
semintelor de gru si ale particulelor de macinis [7].

Studiul influentei parametrilor constructivi si functionali ai
cilindrilor de macinare asupra procesului de macinare se
poate realiza prin evaluarea caracteristicilor granulometrice
ale materialului de maruntit si ale macinigului (dimensiuni
medii ale particulelor, suprafata specifica, grad de maruntire,
crestere de suprafata), calitatea fainii si consumul de energie.

Dispunerea reciproca diferita a riflurilor cilindrilor de
mécinare, in faza de srotare, are rezultate in distributia diferita
a tensiunilor si, deci, in spargerea diferitd a semintelor de grau
si obtinerea de distributii dupa dimensiuni diferite, [S]. Chaoying
F. si Grant Cambell (2002) [5], studiind influenta pe care o are
dispunerea riflurilor cilindrilor asupra procesului de maruntire,
au demonstrat ca, dispunerea riflurilor spate/spate (S/S) este
de recomandat fatd de celelate pozitii. In acest caz, maruntirea
se executd, n primul rand, prin compresiune (strivire),
determinand fragmentarea si sfaramarea endospermului fragil,
in timp ce invelisul raméane relativ intact, [5,6]. Acest lucru
faciliteaza procesul de separare a endospermului de invelis.

Relatia dintre distanta intre cilindrii de macinare si dimensiunea
particulelor de material méruntit poate fi aproximata printr-o functie
lineara, [10]. Chaoying F. si Grant Cambell (2002) [6], modificAnd
distanta intre cilindrii de macinare de la 0,3 mm la 0,7 mm au obtinut
fractii de macinis cu dimensiuni si mase din ce Tn ce mai mari.

n urma studiilor efectuate, [1, 9] au aratat faptul c& intre
gradul de extractie a produselor de macinis si viteza periferica
a cilindrului de macinare rapid exista o dependenta liniara,
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rolls with fluted surface, k, has a significant influence on
the quantity of semolina, flour and bran and their particle
size chracateristics, [8]. Hareland (1998) in the paper [8],
changing the ratio k from 1.5:1 to 2.5:1 and 3.5:1, for the
pairs of fluted rolls, obtained an increase in extraction
degree of semolina from 55% to 67% and 72%,
respectively, and a decrease of bran from 24% to 15% and
11%, respectively.

Flour extraction degree decreased from 8% to 5%, when
the ratio k increased from 1.5:1 to 2.5:1 and remained at the
5% when the ratio k increased from 2.5:1 to 3.5:1.

In paper [11], for three ratio of grinding rolls speeds, k
= 2.0; k = 2.5; k = 3.0, was shown that for the grinding of
Mallaca wheat seeds variety (10.23% moisture content),
the best results were obtained for k = 2.5, in terms of the
optimum distribution of ground wheat products, ash
content and fine particles mass.

The objective of this paper is to present the variation of
particle size parameters of the material to be ground and
grist in breakage phase in a mill with 100 t / 24 h capacity,
in compliance with the constructive characteristics of
grinding rolls.

MATERIAL AND METHOD

The constructive characteristics of grinding rolls and
physical characteristics of grist were experimentally
determined on the technological flow of S.C. Spicul S.A.
Rosiori de Vede milling plant with capacity of 100t/ 24 h
and analyzing samples of material and data processing
were done in laboratories of Biotechnical Systems
Department of U.P.B.

In this phase the flour milling flow sheet has five
mills with fluted rolls, followed each by one
compartment of plane sieve. In addition, the flow sheet
includes two semolina machines and three bran
finishers and a sixth plane sieve compartment for
sorting by size. The flour milling flow sheet is presented
in the papers [14,15].

Experimental determinations were made on particle
size characteristics of the material which enters and exits
from the grinding process of five roller mills of breakage
phase: particle mean diameter, specific surface of
material, particles number, surface increase. These were
analyzed in relation with geometrical parameters of rolls:
differential speed, rolls gap; geometrical parameters of
flutes: total number of flutes acting on the particles in the
work area between two grinding rolls, shear number of
points in the grinding area, flutes depth, flutes pitch. To
determine particle size characteristics were used
samples of 100 g of material at the entry and exit of each
grinding rolls pair, which were been sifted with VAPO
classifier equipped with 5 overlapped sieves with meshes
of different sizes, trained in a circular plain movement at
an adjusted speed of 120 rpm for 3 minutes, [13,15]. The
complete work methodology is presented in detail in
paper [4].

Grinding rolls of mills from breakage phase have
length of 1000 mm, diameter of 250 mm and fluted
surface. Ratio of tangential speeds of grinding rolls is k
= 2.5 and back-to-back roll disposition. Flute angles (a
— flute sharpe angle and B — flute dull angle) have the
values: for Break 1 (Gr.1) and Break 2 (Gr.2) a/f =
30/60, Break 3 (Gr.3) and Break 4 (Gr.4) - a/f = 35/65,
Break 5 (Gr.5) - a/f§ = 40/70. Specific number of flutes
(number of flutes on one centimeter from grinding rolls
circumference (R/cm)) and flutes inclination (1(%)): R =
3.8 flute/lcm, | = 6 (%), for Gr. 1, R = 6 flute/cm, | = 6
(%), for Gr. 2, R = 7 flute/cm, | = 8 (%), for Gr. 3, R
8.9 flute/cm, | = 10 (%), for Gr. 4 si R = 10 flute/cm, |
10 (%), for Gr. 5.
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directd. Raportul k, al turatiilor cilindrilor de macinare cu
suprafata riflata, are o influenta semnificativa asupra cantitatii
de griguri, faina si tardte si asupra caracteristicilor
granulometrice ale acestora, [8]. Modificand raportul k de la
1,51, la 2,5:1 i 3,5:1, pentru perechile de cilindri riflati, Hareland
(1998) in lucarea [8], a obtinut o crestere a extractiei de
grisuri de la 55% la 67% si respectiv 72% si 0 scadere a
cantitatii de tarate de la 24% la 15% si respectiv 11%.

Gradul de extractie al fainii a scazut de la 8% la 5%, cand
raportul k a crescut de la 1,5:1 la 2,5:1 si a ramas la valoarea
de 5% cand raportul turatiilor a crescut de la 2,5:1 la 3,5:1.

In lucrarea [11], pentru trei rapoarte ale turatjilor cilindrilor de
mécinare, k = 2,0k = 2,5; k = 3,0, s-a aratat ca la maruntirea
semintelor de grau din soiul Mallaca (continut de umiditate de
10,23%) cele mai bune rezultate au fost obtinute pentru k = 2,5,
n ceea ce priveste distributia dupa dimensiuni a particulelor de
macinig, continutul de cenusa si masa de particule fine.

Obiectivul acestei lucrari este de a prezenta variatia
parametrilor granulometrici ai materialului supus maruntirii si ai
materialului maruntit in faza tehnologica de srotare la 0 moara
de 100 t/ 24 h, cu caracteristicile constructive ale cilindrilor de
macinare.

MATERIAL S| METODA

Caracteristicle constructive ale cilindrilor de macinare,
precum si caracteristicile fizice ale macinisurilor au fost
determinate experimental, pe fluxul tehnologic al unitatii de
morarit S.C. Spicul S.A. Rosiori de Vede, cu capacitatea de
100 t/ 24 h, iar analiza probelor de material si prelucrarea
datelor s-a facut in cadrul laboratoarelor Departamentului
de Sisteme Biotehnice din UPB.

in cadrul acestei faze, diagrama tehnologicad a morii
cuprinde cinci mori cu cilindri riflati, completate fiecare cu cate
un compartiment de sita plana. Pe langa acestea, diagrama
mai cuprinde doua masini de gris si trei finisoare de tarate,
precum si un al saselea compartiment de sita plana pentru
sortarea dupa dimensiuni. Diagrama tehnologica a fazei de
srotare a morii este prezentata in lucrarile [14,15].

Au fost efectuate determinari experimentale privind
caracteristicile granulometrice ale materialului care intra si care iese
din procesul de maruntire la cele cinci mori cu cilindri ale fazei de
srotare: diametrul mediu al particulelor, suprafata specifica a
materialului, numarul de particule, cresterea de suprafata. Acestea
au fost analizate in corelatie cu parametrii geometrici ai cilindrilor:
viteza diferentiald, distanta dintre cilindri; parametrii geometrici
ai riflurlor: numarul total de rifluri care actioneaza asupra
particulelor de material in zona de lucru dintre cei doi cilindri de
macinare, numarul punctelor de forfecare din zona de maruntjre,
adancimea riflurilor, pasul riflurilor. Pentru  determinarea
caracteristicilor granulometrice au fost folosite esantioane de 100
grame de material de la intrarea respectiv iesirea de la fiecare
pereche de cilindri de macinare, care au fost cemute cu
clasificatorul VAPO prevazut cu 5 site suprapuse cu orifici de
marimi diferite, antrenate Tntr-o migcare plana circulara la o turatie
reglata de 120 rot/min timp de 3 minute, [13,15]. Metodologia de
lucru completa este prezentata Th detaliu in lucrarea [4].

Cilindrii de macinare ai morilor din faza de srotare au
lungimea de 1000 mm, diametrul de 250 mm i suprafata
riflatd. Raportul vitezelor tangentiale ale cilindrilor de
macinare este k = 2,5, iar pozitia reciproca a riflurilor este
spate/spate (S/S). Unghiurile riflurilor (a — unghiul taisului
riflului si B — unghiul spatelui riflului) au urmatoarele valori:
pentru Srotul 1 ($r.1) si Srotul 2 (Sr.2) — o/ = 30/60, Srotul 3
($r.3) si Srotul 4 ($r.4) - o/ = 35/65, iar pentru Srotul 5 (Sr.5)
- a/B = 40/70. Numarul specific de rifluri (numarul de rifluri de
pe un centimetru din circumferinta cilindrilor de macinare
(R/cm)) si inclinarea riflurilor (1 (%)) sunt: R = 3,8 rifllcm, | = 6
(%), pentru Sr. 1, R = 6 rifllcm, 1 = 6 (%), pentru $r. 2, R =7
rificm, | = 8 (%), pentru Sr. 3, R = 8,9 rifl/cm, 1 = 10 (%),
pentru Sr. 4 si R = 10 rifl/cm, | = 10 (%), pentru Sr. 5.
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Knowing geometrical
rolls the geometrical
calculated.

For the calculation, consider a spherical particle of
material with d equivalent diameter, caught between two
grinding rolls with smooth surface, diameter D and roll gap
e (fig.1), [12].

Route length (grinding zone) covered by a particle
between two grinding rolls during breaking process is the
circular zone on the roll surface from the point in which
particle catching occurs (¢ < @) and the highest point of
rapprochement between the rolls (e distance), [12]:

characteristics of grinding
parameters of flutes were

INMATEH — Agricubtusal Engineering

Cunoscéand caracteristicile geometrice ale cilindrilor de
macinare au fost calculati parametrii geometrici ai riflurilor
cilindrilor.

Pentru efectuarea calculelor, se considera o particula
de material de forma sferica cu diametrul echivalent d,
prinsa intre doi cilindri de macinare cu suprafata neteda,
cu diametrul D si distanta dintre ei e (fig.1), [12].

Lungimea traseului (zona de maruntire) parcurs de o
particula intre cei doi cilindri de macinare in timpul procesului de
sfarAmare este reprezentata de zona circulara de pe suprafata
cilindrului din punctul in care are loc prinderea particulei (g < @) si
punctul de cea mai mare apropiere dintre cilindri (distanta e), [12].

Fig. 1 — Route length covered by a particle between two grinding rolls /
Lungimea traseului parcurs de particular de material intre cei doi cilindri de mé&cinare

D D
L,z =¢ —| arccos
AB Y 2( D+d

where: g is catching angle of particle between rolls;
D — grinding rolls diameter;
d — equivalent size of particle;
e — grinding rolls gap;
@ — friction angle between particle and roll.

Processing route, in grinding zone, depends on the
grinding rolls diameter D, gap rolls e and average patrticle
size of material to feeding d.

Number of flutes acting on the particle in grinding
zone can be appreciated by number of futes on the fast
roll. It is considered that the slow roll acts as a bulwark
of particle, during grinding, and, so, its flutes serve it
as supports. It depends on the length of grinding zone
Lac, specific number of flutes R and the differential k,
[12]:

¥ EJB (1)
2
unde: y este unghiul de prindere al particulei intre cilindri;
D — diametrul cilindrilor de macinare;
d — dimensiunea echivalenta a particulei de material;
e — distanta dintre cilindri de macinare;
@ — unghiul de frecare dintre particula si cilindru.
Traseul de prelucrare, In zona de maruntire, depinde de
diametrul cilindrilor de mécinare D, distanta dintre cilindri e gi
dimensiunea medie a particulelor de material la alimentare d.
Numérul de rifluri care actioneaza asupra particulei de
material in zona de maruntire se poate aprecia prin numarul de
rifluri de pe cilindrul rapid, in timpul maruntirii considerand ca
cilindrul lent are rol de reazem al particulei si, deci, riflurile
acestuia au rol de a o sustine. Acesta depinde de lungimea zonei
de maruntire Lac, numarul specific de rifluri R si de raportul
vitezelor periferice ale celor doi cilindri de macinare k, [12]:

n, :LABER[JE, @

Flutes depth of two grinding rolls is expressed as a
function of flutes pitch t and flutes angles, a and g, [12]:

k+1

Adancimea riflurilor de pe cei doi cilindri de macinare se exprima
n functie de pasul riflurilor t i de unghiurile riflurilor, o si B, [12]:

—t gsa lcosf , 3)
sin(a + B)

For an intense and progressive flutes action on the
material to be ground, flutes have some inclination towards
their generator. Flutes inclined position of two grinding
rolls, leading to their intersection and the intersection
points are points in which the particles are compressed up
to the grinding. The grinding process is even more intense
as the frequency of intersection points is higher, [12].
Grinding degree increases as the number of flutes
intersection point’s increases.

The number of intersection points nps,is equal to the
square of the number of flutes of one roll on the grinding
zone Lac.

Pentru o actiune intensa si progresiva a riflurilor cilindrilor
de macinare asupra materialului supus maruntirii, riflurile au o
anumitd inclinare fati de generatoarea acestora. Pozitia inclinaté a
riflurilor celor doi cilindri de macinare, conduce la intersectarea lor,
iar punctele de intersectie sunt puncte in care are loc
comprimarea particulelor pana la maruntire. Procesul de
méruntire este cu atat mai intens cu cét frecventa punctelor de
intersectie este mai mare, [12]. Gradul de maruntire creste pe
masura ce numarul punctelor de intersectie a riflurilor cilindrilor creste.

Numérul punctelor de intersectie nps, a cilindrilor de
macinare este egal cu patratul numarului de rifluri de pe un
cilindru pe zona de maruntire Lac.
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RESULTS

Performing the parameters calculation on presented
relations, were obtained the values shown in table 1 (n,
Npi, Vo, H, 1). Also, in table 1 the values of particle size
characteristics obtained by classifier analyzing were
presented. Thus, the values for ground particles mean
dimension dm, grinding index A, specific surface S and
surface increase AS are presented.

These characteristics are graphically presented in figure
1 — 3 for the entire breakage technological phase.
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(4)

REZULTATE

Efectudnd calculul parametrilor pe baza relatiilor
prezentate s-au obtinut valorile prezentate in tabelul 1 (ny, Ny,
Vo, H, t). De asemena, in tabelul 1 sunt prezentate valorile
caracteristicilor granulometrice obtinute prin analiza cu
clasificatorul. Astfel, sunt prezentate valorile pentru dimensiunea
medie a particulelor maruntite dm, indicele de maruntire A,
suprafata specifica S si cresterea de suprafata AS.

Aceste caracteristici sunt prezentate grafic in figurilel -
3 pentru intreaga faza tehnologica de srotare.

Table 1/ Tabelul 1

Geometrical characteristics of breaking rolls / Particle size characteristics of grist ~ /
Caracteristici geometrice ale cilindrilor de srotare Caracteristici granulometrice ale m  &cini gurilor
Flutes Shear Flutes depth / - Mean Grinding | Specific surface / Surface
points . . A Flutes pitch | diameter / . increase /
Break / number / number / I_lefe_renUal / Adancimea / Pasul Dimetrul mdex / Suprgfa,tgl Cresterea de
Numarul de Vit.dif. [m/s] riflurilor o : Indicele de specific d 5
Srot Jard Nr. pct. de [mm] riflurilor mediu oo EXe suprafa ta
rifluri forfecare Vo H [mm] t [mm] marun fire [x10° m“/kg] [x10° m?kg]
n Np.t. m S AS
Sr.1l 3.763 /3,763 1.286 /1,286
SriE 5.46 /5,46 |29.76/29,76| 7.50/7,50 | 1.133/1,133 | 2.61/2,61 2.133/2.133 1.764 /1,764 2.249 ] 2.249 0.965 /0,965
Sr.2| 2.222 12,222 2.216 /2,216
SroE 7.13/7,13 |50.76 /50,76 7.50/7,50 | 0.502/0,502 | 1.67 /1,67 1.223/1223 1.816 /1,816 4.025/4.025 1.809 /1,809
Sr.3l 1.514/1,514 3.604 /3,604
Sr3E 6.56 / 6,56 |43.03/43,03| 7.65/7,65 | 0.501/0,501 |1.427 /1,427 0.898/0 898 1.682 /1,685 6.285/ 6285 2.681/2,681
Sr.4l 1.065 /1,065 5.546 / 5,546
SrAE 6.73/6,73 |45.36 /45,36 7.61/7,61 | 0.393/0,393 |1.121/1,121 1.031/1.031 1.032/1,032 5.652 /5652 0.106 / 0,106
Sr.5l 0.652 /0,652 8.365/ 8,365
Sr5E 5.50/5,50 |30.25/30,25| 7.50/7,50 | 0.279/0,279 |1.001/1,001 0.635/0.635 1.026 /1,026 8.698/8.698 0.333/0,333

The analysis of table 1 and graphs of figures 2 - 4 show
that the mean dimensions of material particles entering in
grinding process for the five roller mills decrease with the
griound material. Also, in terms of material resulting of five
passages ground, it is found that the mean dimensions of
ground particles decreases along the technological route,
from Gr.1 to Gr.5. But while the particles subject to grinding
process, where the decrease is continuous, for the
particles ground the decrease of mean dimensions
chopped takes account of a polynomial law, at Gr.4 and 5,
the decrease being insignificant. The explanation could be
that herein particle content of bran is greater than for the
first three passages and that they are ground less
compared with the endosperm particles adhering to the
layers of coating.

4,000
3,500

3,000

Sr.11 — pasaj tehnologic Srot 1, | —intrare; E — iegire

Din analiza tabelului 1 si a graficelor din figurile 2 - 4 se
constata ca dimensiunile medii ale particulelor de material
care intra Tn procesul de maruntire la cele cinci mori cu
cilindri scad pe masura ce materialul se marunteste. De
asemenea, in ceea ce priveste materialul rezultat in urma
maruntirii la cele cinci pasaje, se constata ca dimensiunile
medii ale particulelor maruntite scad si ele de-a lungul
traseului tehnologic, de la Sr.1 la Sr. 5, dar spre deosebire
de particulele supuse maruntirii unde scaderea este continua,
la particulele maruntite scaderea dimensiunilor medii urmeaza
0 lege polinomiala, la Sroturile 4 si 5, scaderea fiind
nesemnificativa. Explicatia ar fi aceea ca aici continutul de
particule de Tnvelis este mai mare decét la primele 3 pasaje
si ca acestea se maruntesc mai putin Th comparatie cu
particulele de endosperm aderent pe foitele de invelig.

/ Digmetrul mediu,

Mean diameter

Sr.l
3,763
2,133

Sr.2
2,222
1,223

H intrare

M lesire

sr.3 sr4 | srs
1,514 1,065 0,652
0,898 1,031 | 0635

Fig. 2 — Variation of mean diameter / Variafia diametrului mediu

Regarding the specific surface of material particles,
has been found that for the material subject to grinding
process, it increases from the passage of Gr.1 to the

n ceea ce priveste suprafata specificd a particulelor de
material, se constata ca pentru materialul care este supus
maruntirii, acesta creste de la pasajul $r.1 la pasajul $r.5,
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passage of Gr.5 continuously and visibly, but the specific
surface of particles resulted after grinding shows a similar
increase only at the first three passages, remaining at the
same value for the material processed at Gr.4 and Gr.5
respectively.

It should be noted that at the first three passages the
material subjected to grinding and the material resulted
from grinding consists of large particles of endosperm
(grist and semolina), which makes it to be properly
assessed by particle size analyzing with classifier. But to
the Gr.4 and Gr.5 passages, the material particles being
mainly layers of coating, they have only two of the three
dimensions in correlation with mesh sizes of sieves (they
are flattened) and, therefore, the calculated mean
dimension have significant errors.

If the decrease of particles mean dimensions is still
visible and continuous in the first three breakage
passages, the index grinding A shows insignificant
variation in these passages (around A = 1.7) and keeps
around A = 1 at the 4 and 5 passages, where the mean
dimensions of particles remain in close range (layers of
coating are very little ground).

This happens, on the one hand, because the roll gap
decreases from the Gr.1 to Gr.5 passage and, also, for
flute depth decreases significantly from the Gr.1 to Gr.2
and Gr. 3 passages.

10,000

8,000

6,000

4,000

2,000

0,000

Specific surface / Suprafata specificd, S
[x10°m?/kg]

Sr.l Sr.2 Sr.3 Srd Sr.5
W ntrare 1,286 2,216 3,604 5,546 8,365
M esire 2,249 4,025 6,285 5,652 8,698
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in mod continuu si vizibil, dar suprafata specifica a
particulelor rezultate dupa maruntire prezinta o crestere
dupa aceeasi alura numai la primele trei pasaje, ramanand
la aceeasi valoare pentru materialul prelucrat la Sr.4,
respectiv la $r.5

Este de retinut faptul ca la primele trei pasaje
materialul supus maruntirii, respectiv materialul rezultat la
maruntire este constituit din particule mari de endosperm
(sroturi si grisuri), ceea ce face ca el sa poata fi apreciat
corespunzator prin analiza granulometrica cu clasificatorul,
dar la pasajele Sr. 4 si Sr. 5, particulele de material fiind cu
preponderenta foite de Tnvelig, acestea au numai doua din
cele trei dimensiuni in corelatie cu dimensiunile ochiurilor
sitelor (sunt aplatizate) si, deci, dimensiunea medie
calculata prezinta erori insemnate.

Daca scaderea dimensiunilor medii ale particulelor
este vizibila si continua la primele trei pasaje de srotare,
valoarea indicelui de maruntire A prezinta variafii
nesemnificative la aceste pasaje (in jurul valorii A = 1,7) si
se pastreaza in jurul valorii A = 1, la pasajele 4 si 5, acolo
unde dimensiunile medii ale particulelor raman n limite
apropiate (foitele de invelis se maruntesc foarte putin).

Acest lucru se ntdmpla, pe de o parte, pentru ca
distanta dintre cilindri se micgoreaza de la pasajul Sr.1 la
Sr. 5 si, de asemena, pentru ca adancimea riflului scade
semnificativ de la Sr.1 la pasajele $r.2 si Sr.3.

2

£ 18
16
] 14 :
=] 12 — —
E<
- @ 0,8
» = 0.6
] E 0,4
E5 o2
oE 0 T T
,_g sr.l Sr.2 Sr.3 Sr.4 Sr.5
£ e [mm] 2 11 08 0,6 04
O W mm)| 1,133 0,502 0,501 0,393 0,279
v, [m/s] 75 7.5 7,65 7,61 7.5
| mi 1,764 1,816 1,685 1,032 1,026

Fig. 3 — Variation of specific surface / Variafia suprafefei specifice  Fig. 4 — Variation of grinding index () with roll gap (e), flutes depth (H) differential (vo) /

CONCLUSIONS

The breakage technological phase is the most
important stage of the transformation of wheat in flour.

The rolls of this phase have fluted surface and flutes
characteristics and rolls gap significantly influence the
characteristics of ground material.

It is important to know the particle size characteristics
of grist and particle size distribution of it, so that can be
properly established the constructive characteristics of
grinding rolls flutes for all roller mills of the technological
diagram of phase.

From the analysis of this paper, it was found that the
material is ground at each five passages of breakage
phase of 100 t / 24 h, the material flow is controlled such
that fragments of endosperm (meal and dunst) are
ground to the grinding rolls pairs with roll gap
increasingly less and flutes on their surface are
increasingly finer.

Thus, if for Gr.1, which have the roll gap of 2 mm and
number of flutes of 3.8 flutes/cm, surface increase is 0.965
m? for a grinding index of A =1.764, for Gr.3 (number of
flutes of 7 flutes/cm and roll gap e = 0.8 mm) surface
increase is 2.681 m? for a grinding index of A =1.685.

It has also found that seeds fragments and large
fragments of endosperm are processed, predominantly, in
the first three passages, while the last two breakage
passages the processed fractions have a high content of

Variatia numarului de particule (A) cu distanta intre cilindri de méacinare (e),

adancime riflurilor (H), viteza diferentiala (vo)

CONcCLuzIl

Faza tehnologica de srotare este cea mai importanta
etapa a procesului de transformare a gréaului in faina.

Cilindrii morilor din aceasta faza au suprafata rifluita,
iar caracteristicile riflurilor si distanta dintre cilindri influenteaza
semnificativ caracteristicile materialului maruntit.

Este important de cunoscut caracteristicile granulometrice
ale macinigului si distanta dupa dimensiuni a acestuia, astfel
incat sa poata fi stabilite corespunzator caracteristicile
constructive ale riflurilor cilindrilor de macinare la toate
utilajele de maruntire din diagrama tehnologica a fazei.

Din analiza efectuata Tn cadrul acestei lucrari, s-a constatat
ca pe masura ce materialul este maruntit la fiecare din cele 5
pasaje ale fazei de srotare 100 t / 24 h, circuitul materialului
este astfel dirijat Tncat fragmentele de endosperm (grisuri
si dunsturi) sunt maruntite la perechile de cilindri macinatori
cu distanta din ce in ce mai mica ntre cilindri, iar riflurile
de pe suprafata acestora sunt din ce in ce mai fine.

Astfel, daca la $r.1, care are distanta intre cilindri de 2
mm si cu un numar de rifluri de 3,8 rifllcm, cresterea de
suprafata este 0,965 m? pentru un indice A =1,764, la pasajul
Sr.3 (cu 7 rifl/cm 2§i distanta e = 0,8 mm) cresterea de suprafata
este de 2,681 m“, pentru un indice de maruntire A = 1,685.

S-a constatat, de asemenea, ca fragmentele de seminte
si fragmentele mari de endosperm sunt prelucrate, preponderant,
la primele trei pasaje, in timp ce la ultimele doua pasaje de
srotare fractiile prelucrate au un continut ridicat de nvelis si
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bran and minimally adherent endosperm.
In line with the above affirmed in Gr.4 and Gr.5 the
grinding index has values very close to 1.
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numai foarte putin endosperm adherent pe acestea.
In corelatie cu cele afirmate, la $r.4 si $r.5 indicele de
maruntire are valori foarte apropiate de 1.
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Abstract: The dynamical study of oscillatory motion in the
horizontal plane of a conical sieve with vertical axis,
suspended in three points, is presented in this paper. The
sieve is suspended with three elastic cables, in three
points, at the top and at the bottom. The differential
equations of the sieve motion in polar coordinates have
been determined with Lagrange’s equations. The
trajectory of the sieve joint point to the acting mechanism
was graphically drawn. Analyzing the trajectory of a point
on the sieve, some qualitative assessments on material
motion on the sieve, in separation process, can be done.

Keywords: generalized  coordinates, Lagrange’s
equations, numerical integration, oscillatory motion,
conical sieve

INTRODUCTION

A sieve with outer conical separating surface was used
to clean rape seeds of large foreign bodies. The sieve is
suspended with flexible elastic wires, in three equidistant
points, at the top and at the bottom [8].

The steel cables diameter is ¢ 1.5 mm. The acting
mechanism provides mostly an alternating circular
motion of which amplitude can be measured to the
edge of the sieve on both sides of the equilibrium
position of oscillation. At this point an arm of length d is
connected to the acting mechanism (horizontal
oscillating circular saw).

The acting mechanism consists of an alternating
current electric engine with a power of 710W and a worm-
wheel drive with oscillating crank lever acting system. This
one has the control button eccentrically disposed on the
worm wheel of the transmission mechanism.

The oscillating crank lever stroke of the acting system
is of 16mm. The slider arm is joined by a spherical joint on
the arm stiffened with the sieve and it is laid on radial
direction to the base circle of the cone.

The experimental equipment is provided with the
possibility to set the oscillating motion parameters namely the
oscillation frequency F, and the oscillation amplitude A.

Oscillation frequency can be changed from the electric
motor by varying the electric current parameters. The
oscillation amplitude can be modified by changing the
position of acting mechanism in relation to the radial arm
of the sieve, joined one to the other by a spherical joint.

By the eccentric tangential positioning of the arm joint
of acting mechanism to the conical sieve, it develops
almost circular oscillations towards the vertical axis of the
cone. This motion is assumed to be oscillatory, because
the vertical axis of the sieve (its center) was not
constrained to move in the direction of the arm joined with
the sieve (placed radially at the base circle of the cone).

The equipment designed and experimentally
developed was used both to determine the vibratory
motions of the separation surface (as an agricultural
products processing element) and to estimate the material
movement on the sieve and the separation and seed
crops sorting process efficiency. The schematic
representation of the conical suspended sieve is
presented in fig.1 [7, 8].
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Rezumat: Tn lucrare se prezintd studiul dinamic al unei
site conice cu ax vertical, cu miscare oscilantd in plan
orizontal, suspendata in trei puncte, la partea de sus si
la partea de jos, prin trei cabluri elastice. Pe baza
ecuatiilor lui Lagrange au fost determinate ecuatfiile
diferentiale ale migcdrii sitei in coordonate polare. A
fost trasatd grafic traiectoria punctului de articulatie a
sitei la mecanismul de acfionare. Pe baza traiectoriei
punctului de pe sitd se pot face aprecieri calitative cu
privire la migcarea materialului pe sitd Tn procesul de
separare.

Cuvinte cheie: coordonate generalizate, ecuafiile lui
Lagrange, integrare numericd, miscare oscilantd, sitd
conicé

INTRODUCERE

O sitd cu suprafatd de separare conica exterioara,
suspendata in trei puncte echidistante, atat la partea de sus,
cat si la partea de jos, cu fire elastice flexibile, a fost utilizata
la curatirea semintelor de rapita de corpuri straine mari.

Diametrul cablurilor de otel este @L,5 mm.
Mecanismul de actionare al sitei a fost astfel conceput
Tncat sa asigure in principal o miscare circulara alternativa
cu o anumita amplitudine, masurata la marginea sitei
conice, de o parte gi de cealalta a pozitiei neutre de
oscilatie Tn care este fixat un brat de legatura de lungime
d, la mecanismul de actionare (de tip ferastrau pendular).

Mecanismul de actionare este compus dintr-un motor
electric de curent alternativ cu puterea de 710 W si un
sistem de actionare de tip melc roatd melcata cu culisa
oscilanta, cu butonul de actionare dispus excentric pe
roata melcata a transmisiei mecanismului.

Cursa culisei oscilante a sistemului de actionare este
de 16 mm, bratul culisei fiind articulat printr-o articulatie
sferica la braftul rigidizat cu sita dispus pe directie radiala
la cercul de baza al conului.

Standul experimental este prevazut cu posibilitatea
reglarii parametrilor miscarii oscilante si anume a
frecventei de oscilatie, F si a amplitudinii oscilatiei, Ai.

Frecventa de oscilatie se poate modifica de la motorul
electric prin variatia parametrilor curentului electric, iar
amplitudinea oscilatiei se poate modifica prin schimbarea
pozitiei de dispunere a mecanismului de actionare in raport cu
bratul radial al sitei, articulate intre ele printr-o articulatie sferica.

Prin dispunerea excentrica, tangentiala a articulatiei
bratului mecanismului de actionare la sita conica, aceasta
realizeaza oscilati aproximativ circulare fatd de axa
verticala a conului, miscarea fiind Tnsa o miscare presupus
oscilanta deoarece axa verticala a sitei (centrul acesteia)
nu a fost constréansa sa se deplaseze pe directia bratului
solidar cu sita (dispus radial la cercul de baza al conului).

Utilajul conceput si realizat experimental a fost utilizat
atat In cadrul unor determinari ale miscarilor vibratorii ale
suprafetei de separare (ca organ de prelucrare a
produselor agricole), dar si pentru estimarea miscarii
materialului pe sita, precum si a eficientei procesului de
separare si sortare a semintelor unor culturi agricole.
Reprezentarea schematica a sitei conice suspendate este
prezentata in fig.1 [7, 8].
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Fig. 1 — System schematic representation of suspended conical sieve/ Reprezentarea schematica a sitei conice suspendate

MATERIAL AND METHOD

Considering the coordinate system presented in the
figure above, first the coordinates of the suspending
cables clamping-in points of the static position of the sieve
(D1 E1, D2 E2, D3 E3) and then the position vectors relative
to the fixed reference system Oixiy1z: (fig.1), as well as
their moduli, have been written.

Thereby, these vectors have the following expressions

@=(L—R)F;@=(L+g)i‘m

where L is the distance, in the O1x1y1 plane, between the
acting point and the mass center C; and R is the clamping
radius of suspension cables in relation to the sieve.

There are considered as known: the length of the
suspension cables at the top and bottom, |; respectively I,
the radius of the sieve generator R; the length, I; and the
mass, my, of the arm connected to the acting mechanism the
sieve cone height h and the sieve mass mj.

The moduli of the position vectors represented in fig.1
have the following expressions:

OB|=L-R:|0B,|=VR +1*+RL: [OB=VR* + "+ RL.

Knowing the masses and dimensions of the sieve
components one can determine the mass center
coordinates of the whole equipment, C (&, 7, {).

Any current position of the working system can be
graphically represented as in fig.2.

If one neglects the vertical displacement, the sieve
plane parallel movement in generalized coordinates is
defined by A and @ parameters, given by the relations (3):

A=0,0, 6=4(0x; Oxq ).

12

MATERIAL S| METODA

Pentru sistemul de coordonate prezentat in figura au
fost scrise mai Intai coordonatele punctelor de prindere a
cablurilor de suspendare ale sitei in pozitie statica (D: Eq,
D, Ez, D3 Es3), si apoi vectorii de pozitie in raport cu
sistemul de referinta fix O1x1y1z:1 (fig.1) precum si modulul
acestor vectori.
Astfel expresiile acestor vectori sunt:

V35 By = (L+ Ry -rY3
2 2 2
in care L este distanta de la punctul de actionare la centrul
de greutate al sitei C; In planul Oix1y1, iar R este raza de

prindere a cablurilor de suspendare 1n raport cu sita.

Se considera cunoscute; lungimea cablurilor de suspendare
la partea de sus si la partea de jos |1 respectiv l; raza cercului
generator al sitei R,; lungimea brafului de legatura cu mecanismul
de actionare [; inaltimea conului sitei h; masa sitei my si masa
bratului de legatura cu mecanismul de actionare ms.

Pentru schema reprezentatda, modulele vectorilor de
pozitie sunt:

i

@

Cunoscand masele si dimensiunile elementelor
componente ale sitei se pot determina coordonatele
centrului de masa ale intregii instalatii, C (&, 7, {).

O pozitie curenta, oarecare a sistemului de lucru
poate fi reprezentata grafic prin schemele din fig.2.

Neglijand deplasarea pe verticala, miscarea plan
paralela a sitei in coordonate generalizate este definita de
parametrii A si 6, dati de relatiile (3):

®
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Fig. 2 — System representation in current position / Reprezentarea schematicd a sitei conice suspendate n pozifie curentd
Applying the Lagrange's equations, the differential Determinarea ecuatiilor diferentiale ale miscarii sitei
equations of the motion of the conical suspended sieve conice suspendate a fost realizata aplicAnd ecuatiile lui
were determined (see rel. 4): Lagrange, relatiile (4):
d( oE oE
—| — ——:QkC+Q|? ,k=1,2,....,n (4)
dt\ 0dx ) 9ok
where: E is the kinetic energy of the system composed of n care: E — reprezinta energia cinetica a sistemului format
the conical sieve and the connecting arm, gk — the din sita conica si bratului de legatura; gk - coordonatele
generalized coordinates, Oy - the generalized velocities, generalizate; G - vitezele generalizate; QkC - fortele
ch are the conservative generalized forces and Q,' are generalizate conservative; Qp - fortele generalizate
the non conservative generalized forces. neconservative.
To apply the Lagrange’s equations one calculates the Pentru aplicarea ecuatiilor lui Lagrange au fost

current position of the mass center (5), the moments of  calculate: pozitia curenta a centrului de masa (5), tensorul
inertia tensor of the working body, the kinetic energy of the  momentelor de inertie ale organului de lucru, energia

system, the function of force. cinetica a sistemului, functia de forta.
C[écod;(A - ¢sind); {1 ®)
The inertia moments tensor of the working body is Tensorul momentelor de inertie ale organului de lucru se

obtained by summing the moments of inertia tensor of the obtine prin Thsumarea tensorului momentelor de inertie ale
conical sieve with the moments of inertia tensor of the sitei conice cu tensorul momentelor de inertie ale bratului de

connecting arm to the acting mechanism, respectively: legatura cu mecanismul de actionare, respective:
—rql 2
[9.]=1381+[381- ®)
The moments of inertia tensor of the conical sieve with Tensorul momentelor de inertie ale sitei conice in raport cu
respect to its mass center, written in matrix form, is: centrul sau de greutate, scris sub forma matriceala, este:

13
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The moments of inertia tensor of the connecting arm to
the acting mechanism with respect to its mass center, is
given by relation (8)

o

|92 |=

The kinetic energy of the working system (sieve-
connecting arm), considering that the sieve vertical
displacement is neglected, is given by relation (9)

E:1

in which, m is the mass of the system consisting of conical
sieve and connecting arm, vc — mass center velocity, Jc — the
moment of inertia, w — the angular velocity of the system.
Deriving the mass center current position coordinates,
the mass center velocity is determined. Then, the kinetic
energy of the system is determined with relation (10)

WZ

Following the mathematical model known for applying
Lagrange's equations, the kinetic energy derivatives with

respect to the coordinates A and 8, the velocities A, 8 and
the time t, were determined (11):

a—E- a—E—m/} mé@cosd ;
04 04
a—E—mE)lean
04
d (0E
Je +m
dt(aﬁj (C ‘r)g

For the acting mechanism that generates an harmonic

motion, the vibration generating force is defined by
function:

F =

The non-conservative generalized forces were

determined, as follows, with relations (13). Using the
expression (14) of the force function, the conservative
generalized forces were determined too, by noting:

2mv§+;;lca)2,

2(J +m5)6' -mélfcoss.

% - (JC +m52)6?—m£)l sing;

Tensorul momentelor de inertie ale bratului de legatura
cu mecanismul de actionare Tn raport cu centrul sau de
greutate, este dat de relatia (8)

0 0 ©
2
m2€ 2 0
12 ,
0 m2€ 2
12 |

Energia cinetica a sistemului de lucru (sita — brat de
legaturd) in conditiile n care se neglijeaza deplasarea sitei
pe verticala este data n relatia (9)

©

n care m este masa sistemului format din sita conica si
bratul de actionare; vc — viteza centrului de masa; Jc —
moment de inertie; w - viteza unghiulara a sistemului.

Dupé derivarea coordonatelor centrului de masé in pozitia
curentd se determina viteza centrului de masa al sistemului,
dupa care se determina energia cinetica a sistemului.

(10)
Urmarind modelul matematic cunoscut pentru aplicarea

ecuatiilor lui Lagrange, au fost determinate derivatele
energiei cinetice in raport cu coordonatele A si 6, vitezele

A, @ sicu timpul t, care sunt date de relatiile (11).

E(GEJ mi - mf@cos@+mf6?25|n6?
dt\ 04

(11)

méA sind — méi @ coss.

Pentru mecanismul de actionare care imprima o
migcare oscilatorie armonica, forta generatoare de vibratii
este definita de functia:

F,sinQt . (12)
Au fost determinate 1Tn continuare fortele
generalizate neconservative date de relatiile (13)

precum si cele conservative utilizand expresia functiei
de forta (14)

Qr=Q= i_j = FOS";IH D _ FosinQt; Q¢ =Q, =0 (13)
U= —%kl[(M 8oy e, 2+ o Bgos)z} _%kZ[(MBlEl)Z'*(MBZEZ)Z"‘(MB3E3)2]v (14)

14
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AY/ BD, is the suspending cables elongation on the top
|
of the sieve, A/ B E; is the suspending cables elongation

on the bottom of the sieve and ki and k, are the
suspending cables stiffness on the top and on the bottom
of the sieve. Using the expressions of the vectors
corresponding to the length of the undistorted wires, the
expressions of vectors corresponding to a distorted
position, at the top and at the bottom of the sieve, resulted,
so that the suspending cables elongations were calculated.
It resulted the following expression of the force function:

INMATEH — Agricubtusal Engineering

unde: Ay BD, este alungirea cablurilor de suspendare a sitei
I
la partea supericara, A¢ BE, este alungirea cablurilor de

suspendare a sitei la partea inferioara iar ki $i kz sunt rigiditatile
cablurilor de suspendare ale sitei la partea supericara si
respective la partea inferioara. In continuare au fost calculate
alungirile cablurilor de suspendare folosind expresiile vectorilor
atagati lungimii firelor din pozitia nedeformatd din care au
rezultat vectorii corespunzatori firelor In pozitia deformata, atét
la partea de sus cét si la partea de jos a sitei. Expresia functiei
de forta a sistemului de lucru este urmatoarea:

U= —%kl[all +A% - ajp Cosd —ajzAsing + '12 - 2f1\/a11 + A2 —aqpc0sf — ajzA sin 9} -

—%kl[ﬁz +02 + ay, — ay, coda — 6) - ayzsin(a - 8) - Aay, — Aagssin(a - 6) -

—20,Jag; —agycoda - 6) - apzsin(a — ) - Aazy — axsA sin(a - 6)] -

—%kl[)l2 + E% +agq — agy cos(@ + a )+ aggsin(a + 8) - dagg - Aagg sin(a +6)-

- 2¢\Jag] —agp coda + 6) - agzsin(a + ) - Aagg —agsAsin(a + 6)] -

—% kolbyg + A2 ~bypc0s8 +bygAsing + (5 — 2/ 2ybry + A2 =by 080+ bygAsing] (1)

‘%kzlﬂz + 05 +byy ~byp coda ~6) ~bpssin(a ~6) ~ Aoy, ~ Abyssin(a - 6) -

=2/ 5\/by1 ~bypcoda - 8) - byzsin(a - 6) - Abyy ~bpsAsin(a - 8)] -

‘%kz[/‘z +05 +b31 ~ b3y co{6+a) + bgsin(ar +6) ~ Aoz ~ Abgssin(a +6) -

~20[bg1 g coda +6) + bygsin(a + 6) ~ Aoz ~bgsA sin(a +6)]
in care s-au facut notatiile:

ap=2(L-R)? a3=2(L-R)

where one noted:

aj1=2(L-R)? +/2
R)? 2 V3 ? 2 R J3 V3
321=(L+EJ +20B5 +(R7J +/01; asp= 2(L+Ej082; ar3 =2[R23]OBZ§ Aoy = ZR?;

2 2 R
3.25:2082:2 L2+R2+LR;a31:(L+F22) +OB§+[—R\/2§] +(%;a32=2(L+2jOBg;

3
ags = z(_ R\f]ogg; 834 = 2R~ 835 = 20B;; by, =2(L - R)* +¢2;

b, =2(L-R)*; b, =2(L - R); (16)
2 2
b,, = L+R +20B? + Rﬁ +£§:b22:2[L+Rjosz:b23:z R@ OBz;b24:2R@;
2 2 2 2 2
bys =20B, =2VL* +R® + LR b, :(L+R)2+OB§+[—R‘@J2+@
2 2

V3

by, :2(L+§)053; [ :2[— R\/éjOB3; Q4:2R7; By = 20B;-

2

15
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RESULTS REZULTATE
Using the force function given by relation (17), the Cu ajutorul functiei de forta data de relatia (17) au fost
conservative generalized forces [3,4] were calculated, calculate fortele generalizate conservative [3,4],
szaiu,Qg:aiu. 17
04 00
By replacing in Lagrange's equations, a system of two Tnlocuind n ecuatiile lui Lagrange s-au obtinut

differential equations of second order in A and 6 was sistemul de ecuatii diferentiale de ordinul al doilea Tn A
obtained. These equations represent the motion equations si O care exprima miscarea sistemului oscilant cu sita
system of the oscillating system with conical sieve. conica.

2(1(2/1 - ay3sin 6)

]_

mA — méd cosd + méG? sin6 = F,sinQt - 1 ki[24 - a;3sind -
2 2\/a11 + A2 —-a12c0sf —aj3Asind
1 : 2041|—agg —asgsinla - 6
2 k{24 = a4 = ags sinfa = 6) - 2\/ap1 +agy coda - 61’5 - a22‘; sin(zj - 6() - /lai]4 — ags sin(a - 0)} )
201[~ag4 ~ ags sin(a + )] _
2\/agy +agp coda + 0) - agzsin(a + 8) - Aagg - agsAsin(a + 6) (18)
205(21 +by3sind)
2\/by1 + A2 ~by 056 + by3A sind
_ 20 5[4 — bps sin(a - )]
2,/bo1 + by coda - 8) - bpzsin(a - 8) - Abog —bosA sin(a - 6)
_ 20 5[-134 — bzs sin(a + )]
2,/ba1 + b3 coda + 8) - baasin(a + 6) - Abgy - basAsin(a +6)

- % ki{2/ - ag3 — aggsin(a + 6) -

—%kz[z/l +by3sing - 1= L k{24 ~ by ~bys sina - 6) -

} - % ko{21 —bgg — bggsin(a + ) -

(JC + m{z)é —méA sind - mélfcosd - méAdsing =

2/21(a125in6? -3l cosH)
21+ 2 —a19c0sd - 3Asind

—%kl a12sind - 34 cosd -

1 . 201]aposin(a - 6) + apzcoda — 6) + ass) coda - 6)]
~Liy - )+ )+ -9)- -
2] 228in(ar =)+ 230040 = 6]+ 25/ codr ) 2\/ap1 +appcoda - 8) - apzsin(a — 8) - Aapy — apsAsin(a - 6)
201[azpsin(a + 6) - agzcoda + 6) - agsA coda + 6)]

- Zkq| agpsin(6 +a)+ agzcoda +6) - agsA coda +6) - PN e e v gt Sin(a+€)}_

Ko| by 2Siné + by 31 cosd - 205[b1 258 + by 3/ cosd]
L 2 b11+/12 —by 9c0sd + oy 34 sing

1 __ bposin(a - 8) + bpgcoda - 6)+ Abpscoda - 6) - 2/22[b225in(a - 6)+bpyzcoda - 6) + by Asin(a —6?)] }_

2\/b21+ b22cos(a - 9) - b235in(a - 6?)—Ab24 —bpsA sin(a' - 9)

1 I . : : 2(2[—b325in(a+9)—b33005(a+6)—m5/15in(a+9)]
2k2 b32$|n(6+a)+b33cos(a+6) /l%5cos(a+9) 2\/b3,1+bg,zcos(a+9)—b3,3$in(a+9)—/1b3,4—b35/lsin(a+9)

For an experimental equipment with conical sieve with Pentru o instalatie experimentald cu sitd conica cu
circular holes, with known constructive parameters, orificii circulare, cu parametrii constructivi cunoscuti,
respectively, respectiv,

I =0,24 m; 1, =0,18; d = 0,0015 m; R, = 0,215 m; | = 0,205 m;
L=0,420m; R=0,2 m; h=0,015m; m; = 0,8 kg; m, = 0,4 kg

the stiffness coefficients, ki and k> [1], of the suspending au fost calculate mai Tntai constantele de rigiditate ale
cables on the top and on the bottom of the sieve, were first cablurilor de legatura la partea de sus, respectiv la partea

16
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calculated as follows:

In relations (19), E represents the elastic modulus and
A is the area of cables section.

Using numerical integration of differential equations
Runge Kutta fourth order, with Turbo Pascal programming
language [5,6], the numerical integration of the system (18)
has been done.

With the obtained values, the trajectory of the sieve
joint point to the acting mechanism arm was graphically
drawn (fig.3).

bty
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de jos ki si ko [1]:

(19)

Tn care: E reprezinta modulul de elasticitate, iar A este
aria sectiunii transversale a cablurilor.

Utilizdnd metoda de integrare numerica a ecuatiilor
diferentiale Runge Kutta de ordinul IV, cu ajutorul limbajului
de programare Turbo Pascal [5,6], s-a facut integrarea
numerica a sistemului (18).

Cu valorile obtinute a fost trasata grafic traiectoria
punctului de legatura a sitei cu bratul mecanismului de
actionare, (fig.3).
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Fig. 3 - The trajectory of the sieve joint point to the acting mechanism arm /
Traiectoria punctului de legéturd a sitei cu braful mecanismului de acfionare

CONCLUSIONS

Suspended oscillating conical sieves are used to separate
foreign bodies in mixed grain.

The dynamic analysis of the oscillating system with
conical sieve is quite difficult, and the motion differential
equations system of a point on the sieve is very
complex.

This system can not be solved mathematically. Therefore,
if the constructive parameters of the mechanical system are
known, the numerical integration is necessary.

However, our numerical calculations and our
observations have shown that the system has a harmonic
motion that was graphically drawn in fig.3.

The mathematical model presented can be the basis for
the design and construction of grain cleaning systems that
have integrated such a sieve.
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CONcCLuzIl

Sitele conice oscilante suspendate sunt utilizate pentru
separarea corpurilor straine din amestecurile de cereale.

Analiza dinamica a sistemului oscilant cu sita conica
este destul de dificila, iar sistemul de ecuatii diferentiale
ale miscarii unui punct de pe sita este deosebit de
complex.

El nu poate fi rezolvat matematic si de aceea este
necesara integrarea numerica cunoscand parametrii
constructivi ai sistemului mecanic.

Din calculele si observatiile noastre rezultd totusi o
migcare oscilatorie armonica a sistemului reprezentata
grafic prin figura 3.

Modelul matematic prezentat poate sta la baza
proiectarii si constructiei sistemelor de curatire a cerealelor
care au integrate o astfel de sita.
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RESEARCH OF FACTORS AFFECTING THE AGRO PRODUCTS LOGISTICS BASED ON THE
AHP- GREY CORRELATION ANALYSIS
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Abstract: The long-standing problem of agricultural product
logistics process heavy loss and high cost has seriously
constrained the development of rural economy and the
improvement of the living standard of farmers. In order to
identify the main factors which influence the development of
agricultural products logistics, six aspects, i.e. the rural
logistics support level, the level of economic development,
social attention, logistics supply and demand level, the level
of modernization and logistics technical levels with 20 factors
were selected to establish evaluation index system. The
combination of analytic hierarchy process and Grey
correlation analysis method is applied to calculate the
indicators at all levels. And the results were analyzed
meticulously with a view to China's modern agricultural
product logistics development planning and provide scientific
basis.

Keywords: agro products logistics, index system, AHP,
Grey correlation analysis.

INTRODUCTION

After years of development, the supply and output
capacity of agricultural products in China has made great
improvement. But compared to the United States and
other developed countries, there is still a large gap. A
prominent problem is the process of agricultural logistics
losses and the high cost of circulation. According to the data,
the loss rate of fruits, vegetables and other agricultural
products in developed countries in the harvesting, transport
and storage process is less than 5%, while China's loss rate
is about 35%, even in the developed areas in China, the loss
rate can also reach 20% to 30%[1]. At the same time, as a
large agricultural country, the liquidity of China's agricultural
products, food, oil, vegetables, fruit, meat, eggs and other
products ranked first for many years, in the world. The high
loss rate as well as a huge base led to a serious waste of
China's agricultural intermediate links. In view of this, the
domestic scholars have carried out extensive research
around the impact of China's agricultural products logistics
problem. Yang Jun, et.al™ measured the logistics efficiency of
agricultural products of China's major provinces over the
years with distance function and non-parametric linear
programming method, proving that rural urbanization in China
has a significant role to enhance the efficiency of agricultural
logistics. Li Qingfang[3] identified the six key factors like the
total power of agricultural machinery, the state of financial
expenditure for agriculture that affect the demand for
agricultural products logistics with multiple linear regression
and principal component analysis method, and established a
linear regression model. Taking vegetables liquidity for
instance, Tang Bulong[‘” analyzed the effect of roads, the level
of information, brokers, facilities, and education level on
logistics development, and came to the level of significance of
each factor. It is not difficult to find that the studies above are
more in-depth studies selecting only one aspect of China's
agricultural products logistics. A comprehensive analysis of the
influencing factors of China's agricultural products logistics is
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still in short. Therefore, a comprehensive analysis to identify
the key and targeted factors to improve them is with
practical significance.

The main factors affecting the agricultural product
logistics

There are many factors affecting agricultural products
logistics. Yang, Tang as well as Li gave a detailed study
from the agricultural logistics point of view. In addition,
Feng Dan[5] carried out a detailed analysis by selecting
the four aspects of a total of 17 factors from the
perspective of the logistics industry as a whole. After
earnestly drawing, six aspects including rural logistics
support level, the level of economic development, social
attention, supply and demand level of logistics, the level of
modernization and logistics technology of a total of 20
factors affecting the agricultural product logistics are
filtered on this basis, combined with expert advice.

INMATEH'-'&?@q:M&«mT: c;gnqmﬁnq

BB EERZEHTON  REEPHXBRE |, Hut
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ENR=DURNEERS  BE. BESRUREFRFSE
BMMR=RWRAESE THANHE , 158 75%AE
MRl ik R B AE %I T IS EI R 17 MEE#
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RNYMRZFKE, FKBKE, £2XZFE. YRHt
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Table 1/ &1
Agri-product logistics development level evaluation index system / RF*= @YK X BIFNIERER
The first grade The second grade . . . General
indexes(A) / indexes (B) / Weg:s / The thlrd_g;;:;%ndexes(C) / ranking /
— G A —Sh B =RuRm C B
The length of rural postal line / RAT#RI® L& B KE 0.0318
The number of employees of the transportation and 0.0319
warehousing industry / 3Bzl Ml A 5 3k '
The total power of agricultural machinery /
_ 0.0379
- R HBES D
The rural logistics - - - -
support level / 0.1373 National fiscal expenditure for agriculture / 0.0305
RFYR X FAF ERMBATRILHZH '
The original value of fixed assets for production of rural
households(transportation, post and telecommunications) 0.0422
| RNREEFHEER"™RE (KEBEHERELD )
Fixed asset investment in rural areas /
e e 0.0337
RNEERFRE
Per capita net income in rural areas /
0.0818
. RN ABLERA
The level of economic - -
development / 0.2452 Retail sales in rural areas / 0.0646
Agricultural Product ZFRBKE BREESHRREELM
Logistics / Per capita gross domestic product / A3 GDP 0.0761
=] =
=R Urbanization rate / #4810 % 0.0595
Social attention / The number of articles of the rural logistics phase in CNKI
AR 0.0314 v 0.0071
= | CNKI B R*=mYRMEXNERE
o The number of import and export of agricultural products /
Logistics supply and . o= 0.0553
demand levels / 0.2345 it i AR R R
MR EKF Agriculture, forestry, animal husbandry and fishery 0.0801
RABUE A B 7= E '
Overall netizens / BA&MEME 0.0232
The level of —
modernization / 0.1130 Internet penetration in rural areas / 0.0188
RRALKF RNEBRMERE
The extent of resident education / ERZHERE 0.0347
The level of storage technology / & Rk F 0.0712
The level of logistics The technical level of the fresh frozen technology / 0.0649
technology / 0.2385 AHREEARKT '
WRBEARKF The level of packaging technology / ‘@% ARk F 0.0661
The level of picking technology / R Rk F 0.0655
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MATERIAL AND METHOD
Calculation of qualitative indicators

As the level of development of the agricultural product
logistics evaluation is a complex multi-factor integrated
decision with incomplete information, which contains both
qualitative indicators and quantitative indicators. Among
the index factor is essentially a gray relationship. So it is to
be calculated with the combined method of AHP and gray
relational analysis. Analytic Hierarchy Process is a method
that decomposes decision-making related elements and
combines each attribute on a qualitative judgment and
quantitative analysis by constructing a hierarchy and ratio
analysis. It can be divided into six steps, such as define the
problem, establish hierarchy, build judgments matrix,
hierarchy single ranking and its uniformity inspection,
hierarchy general ranking, uniformity inspection. According
to the judgment matrix, A B layer level single-sort results
are calculated as follows. In Table

2, A, =6.1269, CI =0.0254, Rl =1.24, the mean
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L ¥-p: 3
EMIEER i1 K
ATR"®IRRBRKFINR - MERTTLNER
ZRRFSRENA , WNEFTREERER  088E
BiER , SERERCHARELR-—MREXR , #RA
AHP EIKER TS RN T ERITITE. HP , BIRSH
ERFERRAXN RSB, BIWERREWANL RS
WREBEE ENELHISERDTERRRE], AEDH
ANSR, DAWEE ; BYRREN ; WEHHER ; B
REHFRE-HMRY ; BREHF | BEMEHERRE
o MELTREBNHMER , HHH AN BENEREHF
GRAR 2 FiR. BF ), =6.1269 , Cl =0.0254 ,

Calculation of quantitative indicators

RI=124 |, ¥ 5 B # — H® # #&
random consistency index CR =0.0205< 0.10. CR = 0.0205 < 0.10 .
Table 2/£&2
Secondary indicators of single-level sequencing /| =R/t ELLHSF
The second grade indexes /| —£##5B Weights (b)) /| EEE b,
The rural logistics support level | KA/ 57 % #FK-F 0.1373
The level of economic development | &5 % /@ kF 0.2452
Social attention / #£XZE 0.0314
Logistics supply and demand levels / #7 ZEX-F 0.2345
The level of modernization / FA1EKF 0.1130
The level of logistics technology / #7757k % -F 0.2385
ERELH i .

Professor Deng Julong’s system theory is a mathematical
method used to solve the system of uncertain information.
The basic idea of the theory is analyzing the degree of
association or similarity between various elements in the
system and upon which the system is sorted. The advantage
of this method is a comparison of the geometric relationship of
the system within the time sequence statistics can be
conducted for multiple indicators by a quantitative analysis of
the development trend of the dynamic process. And thus the
gray relational degree between the reference series and
comparing columns can be obtained. It avoids accidental
impact of a given year data, and the data requirements are
not demanding. During the Grey correlation calculations,
expert opinion method is used to rate the qualitative
indicators. Then associate the B layer index with the C layer
index calculated by multiplying the weights and its correlation.
The impact of the second indicators can also be taken into
account in the calculation of gray relational analysis with the
combination of AHP and Grey Relational Analysis, so that the
computing is closer to reality. The specific calculation steps
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are as follows:
- Determine the analysis of the number of columns. Setting the

reference sequence is Yy = {y(/(} k =12 A, n} ; the

comparative sequence is ){:{,y(/(] /(:12/\,}’,' =12An-

The amount of agricultural product logistics from the year
2005 to 2010 is selected as the reference sequence,
which is regarded as a substitute for the overall level of
development of the agricultural products logistics.

- Standardized processing of the index value. In this
paper, the mean law is used to regulate the treatment,
and eliminate the dimensionless impact of different
indicators to get a matrix X:);(/&,k: AR =12N\n;

- The calculation of the correlation coefficient. For the
reference sequence and comparative sequence, the
points to the interval distance method are used to
obtain the correlation coefficient of the ¥{x) and x, (k)i

INMATEH'-'&?@q:Mf&!«mﬂ c\gnqmﬂnq

- BEINHS, WSEF Y = k) k = 12 A, )
EBFF x = (XK k=12A1i =12Ane XFIEFRE
MBEFFIN 2005-2010 FHR®BUMFAE , MR
BREBWREBRN AT,

. ERENABLLE, AXKAYELRTAL
B, OEBRTRERZANEATN , BHER
x=xk k=12Ani =12An;

- WEXBERE. ATFSEFAMLRFS , RARD
xEEE 5 ERE vK)5 X, (k) wxmzs

?g-

o minmin[Y,(k)- x (k) + o max max]y (k) - x (k)

i - \Y(k)—x(k)ﬁpm}ax m?X\Y(k)—Xi(k)\

In the formula, p is the distinguishing coefficient. The
smaller the p whose argument is in the interval (0, 1), the
greater the resolution is. Usually p=0.5. As the degree of
correlation between the comparative sequence and the
reference sequence, the associated formula of the k factor
is:

c (k)=

The general ranking W= Zslb'c' (kl/' = 123456)" The
), C; 2,345,
j =1

calculation results are shown in Table 4 for the

quantitative indicators.

D

K (1)F,p AOHWR, p B/, DPHEX, —
BMERERXANR (0,1) , BEE p=0.5, N{EHNLEEHT
E2Z2BIAXBEENKERTE , £ K IMEEXRKEAR
R

¢

1 @)

HWEEHEFER. ZHF The general ranking

w= Esjbc, (k)i = 1,23,4,5,6)-Nﬂ:tiﬁﬁiiﬁﬁa’gﬁgg;

/i

Table 3/#3

The Grey relational sort results /| ZXBHFLER

_ correlation degree(c;)) /
The third grade indexes | =&#&# KB
The length of rural postal line | ZKATHFZE 5K E 0.0913
The number of employees of the transportation and warehousing
industry / 0.0915
KEE GO REWMMA T
The total power of agricultural machinery / Kk #4550 0.1087
National fiscal expenditure for agriculture / F 5 B /H F R M A Z H 0.0874
The original value of fixed assets for production of rural

households(transportation, post and telecommunications) / 0.1211

K FELFMEEZ=RE ( KBS HHEL )

Fixed asset investment in rural areas | K77 [EE &~ & 0.0967
Per capita net income in rural areas | K#7A 2525 A 0.2348
Retail sales in rural areas | KA/ 2B EEELZT 0.1853

Per capita gross domestic product / A 2 GDP 0.2184
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Urbanization rate / $#¢8/LE 0.1706

The number of articles of the rural logistics phase in CNKI /
CNKI R EHTHAIR X & 0:0205

The number of import and export of agricultural products /
HH 0K 01587

Agriculture, forestry, animal husbandry and fishery /

RAHEA 02299
Overall netizens /| & # M RHE 0.0665
Internet penetration in rural areas | K47 ZBMZER FE 0.0540
The extent of resident education /| FEZFHEEE 0.0995
The level of storage technology / 2 ##& KKk F 0.2044
The technical level of the fresh frozen /| 8% REFE A K-F 0.1863
The level of packaging technology / &Z##&A kF 0.1897
The level of picking technology / SR#A# Ak F 0.1878

In the difference sequence Min=0.0007, Max=0.6062.

RESULTS

After calculation, the final result for each index is
shown in Table 1, from which we can see the macro-
economic indicators such as per capita net income in
rural areas, per capita GDP, has a greater impact on the
agricultural products logistics of the year 2005 to 2010.
Then , the retail sales in rural areas, The level of
logistics technology, urbanization rate, the number of
import and export of agricultural products etc, which can
be regarded as factors affecting the consumption.
Followed again , the technical level of the fresh froze,
the original value of fixed assets for production of rural
households, the total power of agricultural machinery,
fixed asset investment in rural areas etc, which can be
viewed as agricultural impact factors and key technical
factors. Finally, other factors are considered, the effect
of which in the years 2005-2010 on China's total
agricultural product logistics is very small.

CONCLUSIONS

It can be seen that with the national increase of
agricultural inputs and financial support to the agriculture,
forestry, animal husbandry and fishery output value
constraints to the amount of agricultural products logistics
has been gradually reduced, based on the analysis above,
combined with the current situation of China's agricultural
products logistics. In order to improve the overall level of
development of the agricultural product logistics, the
government should focus on improving the level of
infrastructure and agricultural mechanization, level of
modernization of rural logistics information, as well as
agricultural products logistics technology and other related
aspects.

Continuous increasing of rural logistics infrastructure

For a long time, China's road mfrastructure means of
transport  were relatively undevelopped which
demonstrates mainly in the small scale of road network,
low homeland coverage and road grade, as well as poor
capacity. The volume of rural transport is small. Part of the
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backward areas still maintain the traditional rough mode of
transport as the main means of transport, such as
agricultural vehicles or small and medium-sized trucks,
even with the help of human or animal power, which
contributes to transportation inefficiencies, high energy
consumption and heavy pollution. Therefore, to promote
the development of agricultural product logistics, we must
continue to increase the logistics infrastructure in rural
areas, improve the level and coverage of rural roads, and
increase the investment in fixed assets of the
transportation of Posts and Telecommunications industry
for production of rural households.

Gradually increase the rate of agricultural mechanization

It is an important indicator of agricultural mechanization
to measure a country's level of agricultural development. In
the early 1940s, the United States took the lead in realizing
the mechanization of food production. Since the 1990s,
food, crops and some vegetables of developed countries
led by the United States have achieved a high degree of
mechanization from planting to harvest. The substantial
decline in the proportion of the agricultural labor force,
accounts for only 2% to 8% of the country's total labor
force. Although many developing countries, including
China, have accelerated the pace of agricultural
mechanization, overall it is still only equivalent to the level
of economically developed countries in the early 1950s to
1960s. It is also very important for the promotion of
agricultural development and agricultural logistics to
increase the level of agricultural mechanization, and
vigorously raise cropland efficiency as well as labor
transfer.

Promote the construction of agricultural information

At present, information of agricultural products is
mainly released through radio, television and other
traditional media in China. With the rapid development of
information technology, the information center of rural
economy and agricultural professional websites have been
built?. There are some rural agricultural leading enterprises
which establish a specialized agricultural products page
website publishing market information and gaining agricultural
publicity. But overall, the level of information construction in
rural areas is stil rather backward with low Internet
penetration and poor information flow. The level of agricultural
e-commerce has yet to be enhanced.

Increasing the degree of social wide concern

In recent years, with the concern of three rural issues,
agricultural products logistics began to attract attention of
the community. More and more in-depth studies are
carried out by experts and scholars in this field. However,
these are still far unable to meet the needs of the
development of rural logistics. First, it is the lack of
professional logistics of company stationed in the logistics
market of agricultural products. Second, the lack of
government attention and great support for agricultural
products logistics enterprises. As a result, it needs not only
the government, the media, the attention of the relevant
agencies, but also the 3PL enterprises and strong
preferential policies to increase social concern ai a wide
range.

Developing modern logistics technology

Because of the fresh and perishable nature of some
agricultural products, their preservation time is short with
demanding storage environment and conditions, which
makes such agricultural products logistics cost, low
efficiency, and lack of profitability point™*Y. Therefore, in
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the entire chain of agricultural production, transportation and
sales, technological innovation has become an important
support and motivation of the development of agricultural
products logistics mdustry The United States with
developed agricultural logistics has formed a modern
logistics technology system with IT having as core, storage
and transportation technology , packagln% technology and other
professional technology as the support”™. While in China's
agricultural technology research and development emphasis is
generally placed on the technology of the production processes
in the fields, such as seed and plant protection, then
gradually starting to focus on the aspects of technical
research of the processing of agricultural products. Also,
technology research of agricultural products logistics chain
has not been taken serlously[ Backward logistics
technology seriously hindered the development of China's
agricultural products logistics, causing waste and loss of
agricultural custody and transit. Therefore, to develop
modern agricultural products logistics technology, including
picking, warehousing and packaging, to guide agricultural
products logistics standardization have an important
significance to promote the progress of agricultural
products logistics, develop rural economic and increase
farmers' income.
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Abstract: Demand prediction is a hot research field in
markets management, especially for fresh agricultural
products prediction based on supply chain management.
Based on BP neural network, a new demand prediction
algorithm for fresh agricultural products is presented in the
paper. First, the structure and data indicators of BP neural
network algorithm are redesigned and the training function
is selected for the fresh agricultural products prediction
algorithm. Second, the improvement of excitation function,
(including trigonometric function and sigmoid function) and
orthogonalizable design, are presented and analyzed to
speed up the calculation and improve the prediction
accuracy of ordinary BP algorithm. Finally, data from
certain fresh agricultural product corporations are taken
for example and the simulation results show that not only
the problem of convergence speed has been solved, but
also the prediction accuracy is ensured when the
improved algorithm is used in demand prediction for fresh
agricultural products .

Keywords: supply chain management, demand
prediction, BP neural network algorithm, fresh agricultural
products.

INTRODUCTION

Supply chain management plays an important role in
today’s society. The study and application of supply chain of
fresh agricultural products have also obtained remarkable
achievement in recent years. Application study on “organizing
supply of goods according to customers’ orders” is growing
vigorously, and the most basic job to achieve this is to
establish prediction system of market demand on fresh
agricultural products, which is the important factor driving the
entire supply chain. Reasonable and effective prediction
method can lower the inventory cost, provide basis for
making production plan and improve the overall efficiency of
supply chain. However, as the demand prediction of fresh
agricultural products has not only common characteristics of
general demand prediction, i.e. derivation, complexity,
timeliness, spatiality, but also some unique ones, for

example: @ prediction demand of fresh agricultural products

is wide in range, great in scale, mainly reflected in the
demand prediction of fresh agricultural products involving in
lots of departments, including agricultural sector, industrial

department, circulation department, consumers, and etc.; @

demand prediction of fresh agricultural products is high in
complexity, mainly because fresh agricultural products has
numerous kinds, which leads to various and variable specific
applications; ® fresh agricultural products, due to high
perishability, random life cycle and continuous physical
deterioration, are affected not only by human factors, but also
by natural factors. It is due to the above specific features of
prediction of fresh agricultural products as well as the
bullwhip effect in supply chain management that the effects of
traditional prediction methods are not that satisfactory.
Therefore, it is urgent to explore the demand prediction
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method of fresh agricultural products based on supply chain,
so as to improve prediction accuracy, reduce storage and
production cost, enhance the overall efficiency of supply
chain of fresh agricultural products market [1,2].

As for demand prediction of agricultural products at
home and abroad, this paper will mainly carry out the

analysis from the following two aspects. @ traditional

methods are moving average, exponential smoothing, linear
regression, time series decomposition, time series
forecasting, grey prediction and other methods[3.4,5], all of
which adopt historical demand data to carry out prediction,
not considering the change factors influencing specific
demand. While in fact, factors influencing logistics demand
are very complex, not only closely related to society,
economic consumption and price, but also to natural
resources and geographical conditions; relations among
these factors are very complicated and all of them are non-
linear relations, thus the prediction results of these models

are not that ideal [3-5]; @ demand prediction method based

on artificial intelligence; in recent years, with the continuous
maturity of artificial intelligence technology, neural network
with non-linear predictive ability is applied to logistics demand
prediction, having broadened the space for logistics demand
prediction, and obtained decent achievement. Neural network
is a prediction method based on empirical risk minimization
principle, the prediction performance of which is greatly
related to the size of logistics sample set. If the quantity is too
small, it is easy to be over-fitting; meanwhile, there are lots of
neural network parameters and complex network structure,
such defects exist as low rate of convergence and local
optimization, causing not high prediction accuracy of small
sample logistics [6-7].

Neural network has the capacities like non-linear, curve
fitting, learning and anti-interference, which is a generally-
used non-linear function approximation tool. Through the
training of BP neural network algorithm, especially applicable
to construct non-linear forecasting function and the accuracy
can reach preconcerted requirements. The features of
logistics demand of fresh agricultural products just adapt to
the performance of neural network. Therefore, theoretically, if
such defects of neural network as local optimization and low
rate of convergence can be conquered, the method is a
relatively superior analysis method of demand prediction of
fresh agricultural products. So the trigonometric function ,
sigmoid function and orthogonalizable design of BP neural
network algorithm is improved in the paper to speed up its
calculation and convergence of original BP algorithm, and
then presents a new demand prediction algorithm of supply
chain for fresh agricultural products based on BP neural
network algorithm.

MATERIAL AND METHOD
Structure design for BP neural network

According to the characteristics of logistics demand
of fresh agricultural products, while applying neural
network to predict logistics demand of fresh agricultural
products, it needs to establish three-layer (input layer,
hidden layer, output layer) BP neural network algorithm
prediction model based on logistics quantity prediction
of agricultural products (sees Fig. 1) [8].

Input Layer: the input layer neurons take gross retail
sales of fresh agricultural products, output value, yield,
resident income and fresh agricultural products
expenditure of enterprise as reference inputs, 5 in total.
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Fig. 1 - Basic structure of BP neural network / BP #2549 2254

Hidden Layer: the determination of hidden layer in this
paper is to make use of the empirical equation of the three-
layer neural network of trained linear basic function, in
which S means the number of nodes of hidden layer;
M, N indicate the number of input nodes and output

nodes, the conversion relation among which is as shown in
equation 1 [9].

S=

Through the equation 1, it can be temporarily
determined that the number of hidden layers is 16,
increasing or decreasing several nodes of hidden layer in
this interval to finally determine that the unit interval of
hidden layer is 10~19, adjusting according to error analysis
after adjustment and training. Output Layer: the output
layer neurons are only to predict single variable, and the
obtained node of output layer of neural network prediction
model shall be 1. Hence, as for the prediction result of this
paper, as prediction is only carried out on logistics demand
of fresh agricultural products, there is only one output

layer. Propagate the input vectors (X{, X, X0,
X, x0y forward to the hidden layer through transfer

function of input layer tan- sigmoid. Upon the effect of
transfer function tan- sigmoid through hidden layer,
transfer the output vector of node of hidden layer to output
node to obtain the results. BP neural network algorithm, in
the process of learning, has the characteristics of forward
propagation of working signal and back propagation of
error signal. If there is error between actual output and
expected output (i.e. set output vector) of network and the
error is beyond permitted range, it turns to back
propagation, returning the error signal layer by layer along
with the original propagation route, and network weights
shall be adjusted by error feedback. Make the actual
output of network more approximate to expected output
through continuous amendment of weights [10].

Determination of data indicators of BP neural network
algorithm

As it is very difficult to collect logistics demand data of
fresh agricultural products in actual work, indirect indicator
method is adopted in the model, i.e. adopting relevant
economic indicators besides logistics demand of fresh
agricultural products to establish economic indicator
system of logistics demand of fresh agricultural products,
carrying out induction and derivation through mathematical
methods so as to determine logistics demand type of
agricultural products.

As logistics demand of fresh agricultural products is a
derivative demand, the size of logistics demand of fresh
agricultural products is closely related to its self demand.
In a macro perspective, it mainly includes internal and external

m(n+1) +1
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factors: production capacity of agricultural products, external
economic environment and regulating influence. Basically, the
production capacity of fresh agricultural products is the key
factor of logistics demand of agricultural products. The higher
the output value and yield of fresh agricultural products are, the
faster the logistics demand increases; if the output value and
yield of fresh agricultural products reduce, the logistics demand
of fresh agricultural products will be insufficient and reduce.
Therefore, this paper adopts certain output value and yield of
fresh agricultural products as the indicators for predicting
logistics demand of fresh agricultural products. Secondly,
another key factor influencing logistics demand of fresh
agricultural  products comes from external economic
environment and national policy orientation. Gross retail sales
of products consumption, per-capita income of rural residents
and expenditures governments using for agriculture influence
the demand function of logistics of agricultural products and
the scale of logistics demand; better economic environment
and more support from the nation on agriculture have, to a
large extent, exerted an impact on the size of logistics
demand scale of agricultural products. Therefore, these
relevant economic indicators can be served as the influencing
factors of demand logistics scale of fresh agricultural products
in the model, i.e. 5 indicators of input layer neurons. Suppose

that xl(”, Xé‘), X9, XY, x{ indicate relevant economic

indicator systems in different period respectively, Y®
indicates logistics demand scale of agricultural products
determined under the influence of relevant economic
indicators, it can be expressed as Equation 1 with an
equation. In equation 2, y(t) is the output vector of BP

neural network algorithm; f () is the decision function for
connection weight and threshold of neural network [9].

Y0 = £(XO, X0, X0, X0, X)

Training function selection for BP algorithm

There are various kinds of training functions of BP
neural network algorithm; the training function used in
prediction model of logistics demand of agricultural
products based on neural network is BFGS Quasi-Newton
BP algorithm function which is able to train neural network
in any form, as long as its transfer function is derivable
towards weights and input. In this regard, available transfer
functions are tansig and logsig, meeting the premise for
the training of train bfg [10].

Take the determined macroeconomic indicators as the
input sample of logistics demand model of agricultural
products, train function train bfg with input sample, make
use of different input vectors to obtain corresponding
output vectors, so as to establish prediction model.
Through continuous test, after reaching relatively small
error, the network can be used for logistics demand
prediction of agricultural products, thus obtaining final
prediction results.

Excitation function improvement of BP algorithm
Theoretically, functions differentiable in any order and non-
constant can be served as the excitation function of H.
Generally, BP neural network adopts sigmoid function as
excitation function; however, it is found in research that S type
function often causes low rate of convergence of network, low
learning efficiency, and network easy to fall into local minimum
instead of global minimum, and other shortcomings. Thus, to
improve excitation function becomes one of the concepts to
improve BP neural network model [6].
-Improvement of trigonometric function: This paper
proposes to adopt trigonometric function to substitute
sigmoid function, as shown in equation 3.
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f (X) = 05sin(Ax) + 0.5 3

In which, according to the experience, the value of A
is among [1.2, 1.8]; and the simulation result in this thesis
shows that adopting the trigonometric function to be the
excitation function of BP neural network achieves
remarkable results on the global optimization, but not that
obvious in the improvement of learning rate of network.
Through further analysis and test, it is found that the
reason why learning rate is not obviously enhanced is that
there is no connection between two parameters in the

above equation: 0.5 and A ; thus if change equation 3 into
equation 4 [10].

EAR 3, RELR K A WEUEEEE [1.2, 1.9]
BREXE, FELERURA  U=ZAEBEN BP REHH
BEH , 2ESERELRSUILENHEBREE B
ENEREERERRAMKIRRER, 2RAFES
BUUKIEREERETIRAT LR 3 #3805 M
AFREBRR , BEHAFARK 330K 410

f (X) =( 05/ A)sin(1x) + 05/ (4)

In this way, while the period of function f(X) is

changed, the amplitude can be changed with the change of
function period, thus changing the excitement degree of
two connected neurons in layers, i.e. changing

corresponding link weight values, in which the value of A
is still among [1.2, 1.8]; as a result, it can both guarantee
global optimization of network and obviously enhance
learning rate.

- Improvement of sigmoid function for BP algorithm:
Traditional BP neural network adopts sigmoid function as
shown in equation 5. As action function is fixed in shape,
influencing the rate of convergence of network, the rate of
convergence of network shall be accelerated through
increasing its steepness, i.e. adding steepness factor (also

called shape factor) A . The improved excitation functions

in this paper are as shown in equation 6, equation 7 and
equation 8.

BIEAR 4, T(X) WEHABRTREEY , BE
BHRE AR 2 X EHNNEL , ETRZRFH M EEN
BETZENNEEEREXEK , URRETHNT QIE
BENE , 3% A WBEDAEEL2, 1.8]XE , XTI
ALRIE BP RENEFHRMA , ANERNELZNEHLHAE
BE
- R sigmoid B XBEHNE —HE BP EEXAWN
sigmoid I 5 FiR. BT ZEBMNERTR —BKRE

R XARRBRETELZEBENKSEE , B
sigmoid EERAIBEIBESRAT AR BP #ERWKRSURE | B
EHEBPMATRSEF A SOHENEMEHTUALR
6, X 7ML 8 KT,

1
f(x)= 5
(x) P (5)

1
f(X)=———— 6
(¥) T 6)
X=U; (7)

1 1

FTTS U X v

In which U, is the status value of the J th neuron, S
is shape factor, w, is the weight from pre-input x, to the
j th neuron, @, is the threshold of the neuron; due to the

introduction of shape factor A, sigmoid function, as for
input, is able to freely stretch out and draw back as well as
translational transformation.

- Improvement of Orthogonalizable Design: In order to
further optimize BP neural network algorithm, this thesis
adopts orthogonalizable design method to optimize
relevant parameters of BP neural network. Variables
intended to be chosen are nodes of hidden layers,
accuracy requirements and transfer function. Each
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variable can choose two levels. Training function adopts
gradient descent and LM method; the number of neurons
of hidden layers can also be chosen between two levels,
less than 7 or more than 7; accuracy required by training
can be high accuracy or low accuracy.

This paper, while making use of orthogonalizable
design to optimize BP neural network algorithm, adopts 7
nodes, algorithm accuracy as & < 0.001, transfer function
as traingdx function. First, BP neural network learning
input adopts N evaluation indicators, thus preliminarily
determining N indicators used for establishing system

model. Also adopt M in effective sample M as training
samples (M >m ), M —m as test sample. The
algorithm process is designed as below.[1] Randomly
divide sample data into two groups; [2] Respectively
establish two groups of C analysis programs; [3] Carry out
simulation with original data; [4] Analyze simulated results;

[5] Compare simulated results of the test with actual

results, make a judgment on whether needs to rebuild
model; if yes, turn to the 3" step; if no, the simulation
process finishes.

RESULTS
Data acquisition and pre-processing

The data from a certain fresh agricultural product
corporation were taken as experimental sample and the
data include 12 years from 2003-2013 of the corporation.
As BP neural network prediction model is the most

sensitive to data among 0~ 1 while training, in order to

improve the learning speed of BP neural network
algorithm, we shall firstly carry out normalization
processing on influencing factors of logistics demand; see

equation 9 for details, in which X is original data, )gl is

normalized data, X, and X, indicate the maximum
and minimum values of each variable.

Experimental results and analysis

The paper realized the demand prediction for fresh
agricultural products with improved BP neural network
algorithm. Table 1 and table 2 are the realization results of
the paper, in which Table 1 shows some experimental
results realized by the improved model presented in the
paper and table 2 shows the experimental results of
prediction performance ( including prediction accuracy and
time consumption) of different algorithms, including
traditional methods (taking exponential smoothing
prediction for example)[7], original BP algorithm[9] and
improved BP algorithm in the paper. As for the time
consuming, calculation time needed by the model
presented in the paper is 8 seconds and calculation time
for the original BP neural and network is 278 seconds with
the calculation platform as follows: hardware is Dell
Poweredge R710, in which processor is E5506, memory
2G, hard disk 160G; software platform is Windows XP
operating system, C programming language environment.

32

Xi - Xmin

INMATEH'-'&?Q‘Q:M {tural cé;ng&mmiaeq

BEEM LM EAERNEHRE , BEEGETNT R
HAAERNEREE ( KF 7 NPT 7 4) , UIEH
HEBERHUELHIFAN  IeBERENEEERE,

EERLRiITL BP BEAXEA £ < 0.001%
BERBE, 7MY A, traingdx BB R, BT BP R
RMAZFINER MTNMEREA N, HULATHEERS
BEMEN NNMER. EATEREA M MERRHM
MERWGEHEARA (M >m ) , BRUERAZIM —mA,
RACEWEEZRBRITOT, [1] FHEREREEN D AH
4 ; [2] MEM4A Matlab ZHEF ; [3] NETTAEHE
BHATEL ; 4] FADPMFERLLER ; 5] LBRRBHE
ZREIRETNURRNER  HMRETEEHEETER
B OMREENETHAE 3 SHTUE , ANELEESE
*o

XBER
HERESTLE

ZBRRABPHAMEBTNER , WME0~1 ZHBHIE
VISR BN RS, B RERENEINE , AXEE
043t Ry A B0 B SR 0 R B ATIH — (LR E | B
KRAAR9, Ao X RRFHBKE , X RRLA—1L
BEBNBIE, X, M X, WRRENE BN ARER
B /NE.

©)
X

max Xmin

XRERE5H T

ANRARERE= RUNENBESRI T A RHE
B, RINK2REXWEALR , HPRIARIGHE*
WRMER , R2VANEREET] ( XBEUERTBEENR
Bl ). BHBIKIBPHE MKEE[9], A SCEERY K TN 4
B ( BETNBEMTEERE ) . ETHNEDHERNRHE
EAsH , ZTEBPHAMKZNR278Y , RAMITEFAW
T , BHF A : Dell Poweredge R710 , E5506 , 2G ,
160G ; H#F A : Windows XP, CiEE.



Vol. 40, No. 2 /2013

INMATEH'-'&?{q:M&umT: c;gnqmﬁnq

Table1/ &1
The prediction results of the improved algorithm /| ZX X #MZHTHER
Year / Quarter/&F Actual demand / Prediction demand / Prediction error /
4 7 X5B/R FTHER HHERE
2003 2 6034 unit / E17 6098unit / #1/ 1.1%
2004 3 6567 unit / £1/ 6771 unit/ £17/ 3.1%
2005 4 6882 unit / E17 6975 unit / £17 1.4%
2006 1 7135 unit / £47 7265 unit / £17/ 1.8%/
2007 2 7689 unit / £/ 7765 unit | £17 1.0%
2008 3 7999 unit / £47 8201 unit / ££7 2.5%
2009 4 8699unit / £ 8787 unit/ #£1{Z 1.0%
2010 1 8567unit / £17 8689 unit / £17 1.4%
2011 2 9335 unit / #17 9596unit / #1/ 2.8%
2012 3 9795 unit / E17 9921unit / #1/ 1.3%
Table2/ &2

The prediction performance of different algorithms / F M ZFIRTH M EE

Exponential smoothing Original BP algorithm / Improved BP algorithm /
algorithm / #S#-PEHZ R8P HZ XA
The overall prediction error / . . .
HATIREEE 15.41% 4.79% 1.65%
The prediction error of the first
quarter / 14.22% 4.23% 1.45%
E—FETNEEE
The prediction error of the
second quarter / 14.56% 4.91% 1.87%
FoFERNEEE
The Prediction error of the third
quarter / 14.33% 4.78% 3.11%
F=FERNEREE
The prediction error of the forth
quarter / 16.87% 6.08% 1.39%
BOEETZEEE
Time consumption (S) /
7 278 8
ATEEFE (# )

From table 1 and table 2, we can see clearly that the
improved BP neural network algorithm in the paper can
realize the demand prediction for fresh agricultural
products for corporations in practice and the improved BP
neural network algorithm has more advantages in
prediction accuracy and time consumption compared with

exponential smoothing prediction and original BP
algorithm.
CONCLUSIONS

Prediction based on logistics demand of BP neural
network algorithm provides a brand-new research
approach. In allusion to the characteristics of logistics
demand of fresh agricultural products, this thesis applies
BP neural network algorithm to the demand prediction of
fresh agricultural products, and the test results show that
as BP neural network algorithm is the prediction method
specially for multi-dimensional and non-linear data with
better generalization ability, the accuracy of demand
prediction of fresh agricultural products is higher than
other models, having a broad application and theory
prospect in logistics demand prediction.
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Abstract: Supply chain performance evaluation for fresh
agricultural products is one of the key techniques and a
research hotspot in supply chain management and in fields
related. In order to overcome the deficiencies of traditional

models , a new fuzzy neural network algorithm for supply

chain performance evaluation of fresh agricultural products is
presented based on the analysis of present literatures in the
field. First the model structure of the presented algorithm is
designed and simplified combining the advantages of BP
neural network model and fuzzy comprehensive evaluation
model; secondly the presented algorithm is improved through
improving its calculation procedures and learning methods.
Finally the model is performed with the data from certain
supply chains of fresh agricultural products enterprises and
the experimental results show that the algorithm can improve
calculation efficiency and evaluation accuracy when used for
supply chain performance evaluation of fresh agricultural
products, practically.

Keywords: supply chain management, performance
evaluation, fuzzy neural network algorithm, fresh
agricultural products

INTRODUCTION

Because fresh agricultural products are perishable and
difficult to store, during transportation and storage they are
often damaged and unable to achieve their value function
for all kinds of reasons, so that the enterprises participated
in the fresh agricultural product supply chain pay attention
to supply chain and its management model. They try to
use the minimal cost to optimize the process of production
to meet customers' demand. Supply chain performance
evaluation (SCPE) is used to evaluate and assess the
benefit and effect of supply chain implementation, which is
one of the key components of supply chain management.
Building a completed set of fresh agricultural product
supply chain performance evaluation metrics is conducive
to assess the competitiveness of fresh agricultural product
supply chain member enterprises as well as the
advantages and shortages of supply chain management.
So the supply chain performance evaluation has become a
research hotspot for researchers and enterprises related
[1].

There are mainly following methods used for the
overall evaluation of the performance of supply chain.®

Multi-hierarchy  comprehensive evaluation of fuzzy
mathematics, its principle is to firstly evaluate various
kinds of factors of the same thing, dividing into several big
factors according to certain attribute; Then carry out initial
hierarchical comprehensive evaluation on certain big
factors, and carry out high hierarchical comprehensive
evaluation on the result of initial hierarchical
comprehensive evaluation based on that. The key of
successful application lies in correctly specifying the factor
set of fuzzy evaluation and reasonably form fuzzy
evaluation matrix, obtaining evaluation result according to
matrix calculation result. Make use of fuzzy
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comprehensive evaluation method can obtain the value
grade of evaluated object or mutual precedence
relationship; however, the method requires to establish
appropriate evaluation matrix of evaluation object, which
will obtain different evaluation matrixes due to the non-
conformity of different experts, leading to the non-

conformity of final evaluation results[2]. @  Data

envelopment analysis (DEA), starting from the perspective
of relative efficiency, evaluates each decision-making unit,
and the indicators selected are only relied on input and
output. As it doesn’t rely on specific production function, it
is effective for dealing with the evaluation with various
kinds of input and output indicators, suitable for the
analysis of benefit, scale economy and industry dynamics.
But it is complicated in computational method, subject to

certain limitations in application[3]. ® Grey correlation

analysis is a multi-factor statistical analysis method, which
takes the sample data of each factor as basis to describe
the strength, size and order of relationship among factors
with Grey correlation; If the situation of change of two
factors reflected by sample data is relatively consistent,
they have relatively large correlation; otherwise, the
correlation is relatively small. The merits of this method lie
in that that it is intellectually clear, able to reduce the loss
caused by information asymmetry to a great extent and
less requires for data with less workload; however, its
main demerits are that it requires for human determination
of the optimal values of each indicator, it has strong
subjectivity and it is difficult to determine the optimal

values of some indicators[4].@ Analytic hierarchy process

(AHP) effectively combines qualitative analysis with
quantitative analysis, not only able to guarantee the
systematics and rationality of model, but also able to let
decision makers make full use of valuable experience and
judgment, so as to provide powerful decision-making
support for lots of regulatory decision making problems.
The method has such strengths as clear structure and
simple computation, but due to its strong subjective
judgment, the method also has shortcomings like low

evaluation accuracy[5] ; ®BP neural network method, the

method is adopted in the processing of uncertain
information. If the input mode is close to training sample,
the evaluation system is able to provide correct reasoning
conclusion. The method has such advantages as wide
applicability and high evaluation accuracy, but it also has
some disadvantages like easy to fall into local minimum in
the computation, low rate of convergence, and etc [6].

Supply chain performance evaluation is a dynamic
process and there are lots of factors influencing its quality,
and the influences of these factors are different; therefore,
it is difficult to express the evaluation results only with a
mathematical formula, which actually is a complicated,
non-linear comprehensive decision-making problem.
Hence, there is irrationality to adopt the above five
methods to carry out comprehensive evaluation of its
quality. So the paper tries to integrate the BP neural
network model and fuzzy comprehensive evaluation model
and advances a new fuzzy BP neural network algorithm
which can achieve the advantages and overcome the
deficiencies of the two models.

MATERIAL AND METHOD
Establishment of evaluation indicator system

As the supply chain of fresh agricultural products
needs to focus on quality safety and circulation efficiency,
meanwhile, trying to reduce the loss in the logistics
process, which is a special and complicated supply chain,
the similarity of general supply chain and the specialty of
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cold chain of fresh agricultural products shall be combined
to establish evaluation indicator system of performance.
Integrating the general idea of performance evaluation of
supply chain and performance evaluation of logistics
system, combining existing research literature, this paper
will, from such two aspects as evaluation of internal and
external performance, establish the evaluation indicator
system of the performance of supply chain of fresh
agricultural products, which includes 4 hierarchies, 2
categories, 6 second-grade indicators, 16 third-grade
indicators; see table 1 for details [7,8,9].
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Table 1/ #1

Evaluation indicator system of supply chain performance | 2/ ESH X IF O IS B R 5%

First-class Indicator /

— Rt

Target Hierarchy /
BHE

Second-class Indicator /

ZRE

Third-class Indicator/

=

External Performance /

HEBLER

Performance of Supply
Chain of Fresh

Customer Service Level /

BEREKF

Timeliness of Delivery / =58 7714

Accuracy of Delivery /= & /& #1

Security | 2%

Customer Dissatisfaction Rate /| Bi& T #EZE

Adaptability of Logistics
Service | YRS 1T

Applicability of Products //=43Z /&£

Applicability of Time / 47/5& /Gt

Applicability of Quantity /& ZAF 14

Integration of Logistics

Service | YIRS 1

Integration Level of Service | (REERXE

Intimacy of Cohesion /£5# 2

Agricultural Products /

KB da R REF S

Enterprise Input /
BARA

Assets Input / =& A

Personnel Expenditure /> A 3% H

Logistics Cost /4I5RBKA

Internal Performance /

BB

Internal Operation /

ABBESE

Informational Level /{5 87k

Resource Utilization /% 5 I f &

Logistics Operation / ¥5#iE 4

Enterprise Income /
BAKA

Cost Benefit /R A &

Business Growth Rate/il & 5

Profit Growth Rate/F/;E18 K%

Derivation of supply chain evaluation algorithm

- Network structure design of fuzzy neural
network: The fuzzy neural network structure adopted by
this paper is based on Takagi-Sugeno model, and the
network consists of antecedent network and consequent
network, in which the former is used to match the
antecedent of fuzzy rule and the latter is used to realize
the consequent of fuzzy rule. Network structure is as
shown in picture 1.

Rt IFoEE

-PELHR I FENHLEME . BT Takagi-Sugeno
BUREHN  ANSGREU T RS EAREEN |, ZER
MMEEEEBHIERNENEEREDRK , EPEHMAN
AR R PoFE TR RIAF B RTER , AN E TN BE
HRERTR , EHHERENEEERNE 1 FFR0O).

___________ i

Fig. 1 - The structure of the improved fuzzy BP neural network algorithm / St & #7842 M52 71
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(1) Antecedent Network: Antecedent network is
comprised of 4 layers. The first one is the input layer, each
node of which is directly connected to each component of
input vector, playing a role of directly propagating input

value X = (X, X,,...X.)" to the next layer. The number of

nodes of the layer is Nl =N. The second layer is the

fuzzification layer, and each node represents one linguistic
variable value; this paper chooses 4 linguistic variables
(excellent, good, medium and poor). The function of the

layer is to compute the membership degree ,uij of each

input component subordinating to each fuzzy set of
linguistic value, which meets formula 1[10].

ﬂij = /'[,JN ()(I)’I :112!"

In formula 1, N is the dimension of input, and the fuzzy
partition of X is 4. The membership functions in this
paper adopt Gaussian function, as shown in formula 2.

, = (%
j
H =€

In formula (2), Cil.2 and 5”2 indicate the center and

width of membership function respectively. The total
number of nodes of the layer is formula 3.

N,

The third layer is the rule-based reasoning layer, each
node of which represents a fuzzy rule, the role of which is
to match the antecedent of fuzzy rule and compute the
fitness of each rule, i.e. formula 4.

a; =y
@), 1,{1234,...;,{1234, .
j =12,..mm=4, The total number of nodes of the

In  formula

layer N3 = M. As for the given input, only those linguistic

variable values close to input point have relatively large
membership degree, and the membership degree of those
linguistic variable values far away from input point is either
too small or 0. If the membership degree is too small (such
as less than 0.05), it can be approximately valued as 0.
The fourth layer is the normalization layer, the number
of nodes of which is the same as that of the third layer, i.e.

N, =N;=m; what it realizes is the normalization
computing, i.e. Formula 5.

a, =

(2) Consequent Network: The first layer of consequent
network is the input layer, which propagates the input
variable to the second layer. The input value of the Oth

node in the input layer X, =1, the function of which is to

provide the constant term in the consequent of fuzzy rule.
There are M nodes in the second layer, and each node
represents one rule; the function of the layer is to compute
the consequent of each rule, i.e. formula 6. The third layer
is the output layer, the evaluation result value of which is
formula 7.

38

o2

4n

M

INMATEH'-'&?Q‘Q:M {tural c-gnqincGth

(1) iM%

HHREEL BAR. E—EANRAR. CHEITAR
EESHANRNEN NS BERE  CREEETAAE
X = (X, Xy X ) ERBT—EMEMA, RN KK
AN, =n.

E-EREMILE. S—ATARE-MESTERME,
AEBIMESTR(K. B, B, E) . ZENEARI
EEWASBETSESHEENESHREE L A HHR
= 1[10],

)

NXTAABNER , X WEMDEIHBR4. SHEHE
A RANEH , AWK 2R,

N, =12..m;,m =4

_Ci-z)
: @
ij
EARQ@® , C. RRRBERNSL , ] RFR
B S-RNTARBTUET AR HEE,

®)

AXRMAEGHESENANEEE, ANEBEFRY
SATAYNETITERH—REHAN  HEAETERR
EASMAN G BT | FIR I ES S RN 0 B4 RS
RE , BAEMARAFIR,
" (4)
gaRX@ +, ;{1234...),0{1234,
j=12,.mm=4 , EX—EBEHHH AL MK
N, =M. N FREGRUIERLAENENMIAE , RERER
EHASWBLEHALRE  EREESARANE , T8
WAANBAZEENREE—BRD , BEH0, Y&
EEAREER/N (A S /N F0.05) B, AT ELET K0,

ANEREHPNENERNA—LE, B— RN
ARBESEEMER, 2 N, =N;=m , A—{tER=
MA— LIt EHER , WARSFR.

)

j=12..,m ©)

(2) EHRE GARREHEMENE -2 AARE
WAZBERIE-R. E—R (BAR) FENTIH
WMABBARER X, =1 , ZHGOAET N FHITERM
BMANZEENERR, EE-RELEMATR , i
Mo AREMEFRHAN , F_EHNERTERITES
SANMEHE , THUBLAX6ITEREG, AXEBENHE
ZRAMHE  ZEHINETUBES AKX 7THERS.



Vol. 40, No. 2 / 2013 INMATEH'-'&?{q:M&umT: c;gnqmﬁnq

y; = p}o + p}lx1 + p}zx2 + p}ax3 +___++p}nxn, j=12..m (6)
Y. = z Y1, @
=1

In formula_? Yl is the V\_/e.lghte_d sum of conseijent of Y, RS A8 AR | IR RE N & AR A2
each rule; weighting coefficient is the fitness a, after —
normalization of each fuzzy rule, i.e. the output of —fLRMERE a . BV A P4 BY 4 1 PR R #F P45 =
antecedent network serves as the link weight of the third B EENE, BLNREEENE?2 R

layer of consequent network. The simplified network
structure is as shown in picture 2.

Fig. 2 - The simplified network structure of the improved algorithm/f&i{t.j& B9 SR i3 18 B &£ 19

Improvement of learning methods T G S
The fuzzy neural network provided in this paper is e . o .
actually a kind of multilayer feed forward network, so error ANFRENEMEENEERR LR SR H5%

back propagation algorithm can be adopted to adjust WERMBEER WAUERESNRERH %ﬁgﬁﬁ;’;ﬂg
. . . . 1 .
parameters. It mainly adjusts the link weight P of the fifth HEMEXSH  EER pji (BEEM) . C|j (=R
) _ REEBSHNPOLME %ﬂé (RE ) #TRETHE. &)
parameters of membership function of the second layer.
Suppose that the input of the | th neuron node of the (th ~ EHMBLMELWHHE QRS | MIETHR (WA 1
layer of fuzzy neural network in Picture 1is f (¥, the outputis  FfR ) B A2 BN O X(“) =g@(f@), mA

ng) = g@(f ). The node functions in the first layer to the MR R R LR — R R E R RN A ERES 5

fifth layer of fuzzy neural network are as shown in formula 8 to ALALR 8 AR 12 TR, ARH X TLUBSHENE
formula 12. In which, X shall be computed with °

layer, as well as the central value Cu‘ and width 5”. of

corresponding functions, which is omitted here. BIHERSE , REFBER,
fO=f0=x,x=¢g”=1i=12..,n (8)
—(x®D _ 2
FO = (x~ —6) ©
l 2
) Jij
F =X X = w1 4y (10)
(3)
f@ = i (11)
] m 3 m
25 24
i=1 i=1
AR Z yiyxy” = Z ¥y @, (12)
=1
Suppose that error cost function is as shown in B2z rEROAR 13 FFiRR EﬁﬂFtﬁﬂ Y, 28I

formula 13, in which t; and Y, indicate desired output
and actual output respectively.

B SE i B A KPR B
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Adjust p}i G and aij according to error back

propagation algorithm, and solve and train the learning
algorithm accordingly.

1
E= E(t1 - y1)2

Improvement of calculation procedures
Improved operation process of the presented algorithm

can be listed as follows [10]. ®Reduce dimension of samples

with factor analysis, establish sample set; @ Calculate the
fitness value of each individual in the group, save the optimal
fitness value; ® Turn to the 4th step if reaching the set
evaluation generation or current optimal individual meeting
conditions; otherwise, turn to the 2nd step; @ Decode the

optimal individual in the 3 step into network parameter to
serve as the initial parameter of fuzzy BP neural network

algorithm; ®Modify current network parameter with fuzzy

BP neural network algorithm;® Terminate if reaching the

condition for terminating fusz BP neural network
algorithm; otherwise, turn to the 5" step.

RESULTS
Data acquisition and pre-processing

Choose M typical supply chains of fresh agricultural
products, make use of statistical data to compute the
values of N indicators of each supply chain, and compute
corresponding overall evaluation score of each supply
chain with N indicator weights through determination and
normalization processing of experts, so as to obtain M
training mode pairs, training the model of this paper with
such M training mode pairs. Subsequently, model in this
paper can be applied to the performance evaluation of
supply chain of fresh agricultural products. Every time
when inputting 18 third-class evaluation indicators of
supply chain to be evaluated, we can obtain the
performance of supply chain of the fresh agricultural
products.

The questionnaires of all the evaluation indicators were
made and surveyed to the enterprises and consumers related
to get the score of each indicator for different supply chains of
fresh agricultural products. The original data acquired by the
survey are pre-processed to the scope of the fuzzy matrix
and the final scope of the score is [0, 5].

Experimental results and analysis

Limited to paper space, the evaluation of intermediate
results is omitted here, only providing secondary
evaluation results and final comprehensive evaluation
results of three typical chains, see table 2.

INMATEH'-'&?Q‘Q:M {tural c-gnqincGth

SRR 2 R 4 S B ORI E
0, BB BARTRBEH.

G M

1)

(13)

HZEWL A XH

HHEEWIUESROTAT. OBIRFOHHEL
HAEE , NEOHANEE ; O EEHATFHNENNME
BERE , HEERCHLERNE ; ONREENSERFMHN
B, WEASESHTIHE , SNBRAS-SHITIIE ; @
FE=ZSHNRCANMERTRBENNESH , BN R
ZKEENNBSH  OXAEMPMEE LB ALTMES
B OMRABZHLUEFRANDILEE , FNEAERS
BT E,

XRER
HERREETAE

RNIERGRITMNF , ERT MERBHESR>=RE
WHBEENFER , RASITHRER - IHE LS &M EN
NANTHERNELER  BETRXLANERTHEHE
ERE, A—{tTLEH NIERSE , ATITESHS
HEUENENNSESRED , BUHEE MAYIFEXA
BA -, BER AL MANNGARENNGSHEARRIERE, &RF
FANEHNATEER> RHNENERES TN, 5
WAFIINALREER 18 D= RIFMIEIRAT | REEBBRIK
AR A SRS

FE T HMINERNRSEE | FNEXRE RN
SEMMMEFSRTTIZAE | BEIRESENTRIRE ™ R4t
ENEMEMNEIER. RERBHELD—LLESS ,
2 REEEAFSEMER R RLWEETERE(O, 52 H.

XBEREHHT

EZRINRCXFZHER , MO PRAESEXERE X
PlaeH = R AR mANENSMITNHN TN ER
MHRLTNER , BELR 2 FiR.

Table 2 /2
Secondary evaluation results of the paper | ZEZ#&E#rHLiF IFHER
Customer Adaptability of Integration of : Internal Enterprise

Service Level / Logistics Service/ | Logistics Service / Emerfir'se Input/ Operation / Income /

EPBELT | WRESTIH | WAESRAL EABA ASEtE LAKA
3.647 3.451 3.651 3.572 3.413 3.631
4.118 4.326 4.179 4.210 4.009 4.357
4.431 4.621 4.170 4.345 4.626 4521
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In order to illustrate the value of the presented
algorithm and some other algorithms which are used for
performance evaluation, the calculation indicators are
realized with the same calculation platform in the paper.
The indicators of the calculation platform can be listed as
follows Intel i3 2120, 2GB DDR3, AMD Radeon HD 7450
and 3.3GHz CPU, and windows XP. The table 3 shows the
evaluation accuracy and time consuming of the different
algorithms. From the table we can see clearly that the
algorithm in the paper has greater value than that of BP
neural network [9] and fuzzy evaluation algorithms[5] in
evaluation accuracy or time consuming. In practice, the
paper takes some obvious indicators as sample to
calculate evaluation accuracy in order to make our
comparison more believable.

INMATEH'-'&?Q‘Q:M {tural c-gnqincGth

AT HARXFIREERSE AR ERNMNE
ANRAHEBNITEFEKI T AXEEZMNEAEMITHN9]

M BP MAMEZELD. HTEFAMESHNT  Intel i3
2120, 2GB DDR3, AMD Radeon HD 7450 and 3.3GHz
CPU, and windows XP, & 34 T ANE L, EAEMT

MBEEN BP WEM KW ITNBEN RUEFEX BE, B
HERASUEE #E KA EEN A T RE™ RENERANE
BERETNBENREEE LEEHI A . EEESERR
Wk, ATESINEEEHFNAIEE , AXKAT &
HENSBEAINEBENSH.

Table 3/ #3

Realization results of different algorithms/ /M ZHSEHLER

Algorithm in the paper / Ordinary Fuzzy model / BP Neural Network /
EXHE HEEY N HEBP M
Evaluation Accuracy /
O 95.66% 71.34% 85.64%
Time Consuming (S) /
B () 13 13 793
CONCLUSIONS i

It is shown through empirical research that the
evaluation combination model of the performance of
supply chain of fresh agricultural products based on fuzzy
neural network established in this paper is practicable,
effective and feasible, and is able to effectively conquer
some shortcomings of traditional evaluation models, as
well as equipped with capabilities like self-learning, self-
adaptation, strong fault tolerance and ability of expression,
able to reduce some human subjective factors to the hilt,
so as to improve the reliability of the performance
evaluation of enterprises, making evaluation results more
objective and accurate. For the next studies, it is planned
to further improve the adjustment and optimization of
reduction and membership functions of fuzzy rule to
enhance the generalization ability of model.
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PARAMETERS OPTIMIZATION ALGORITHMS FOR IMPROVING THE PERFORMANCE OF
OBSTACLES IDENTIFICATION IN FOREST AREA
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Abstract: Accurate identification and measurement of
obstacles in forest are particularly important for improving
operational capability and efficiency of harvester. In this paper,
three distinct algorithms, including grid search (GS), particle
swarm optimization (PSO) and genetic algorithm (GA), are
proposed for parameters optimization of support vector
machine (SVM) to improve the performance of detecting
obstacles in forest area. First, the three different optimization
algorithms are respectively adopted to optimize parameters
which are used in SVM. Then the SVMs with optimized
parameters are applied to identify obstacles in forest. At last,
their performances are compared based on the testing results
of 150 samples of obstacles in the forest. The experimental
results show that the GS algorithm with leave-one-out (LOO),
PSO algorithm and GA algorithm have better classification
accuracy than the GS with 6-fold cross-validation (CV).
Especially for PSO and GA algorithms, the global optimal
solution can be found rapidly without traversing all parameters
within the grid.

Keywords: grid search,particle swarm optimization,
genetic algorithm,support vector of machine, parameter
optimization

INTRODUCTION

To meet the needs of forestry production, it is
imperative to develop multi-function and high-efficiency
forestry equipment to complete logging operation instead
of manual operation. However, the complexity of forest
environment will increase the operation risk and reduce
the operating efficiency. Therefore, accurate identification
of obstacle in forest and measurement of its feature are
particularly important for improving operational capability
and efficiency.

In respect of obstacle identification, researchers have
done a lot of work and proposed a variety of algorithms.

Harls Baltzakls et al. proposed a suitably modified version
of vector field histogram algorithm for robot motion planning
and collision avoidance based on both laser and visual data
[1]. Jaehyun Han et al. developed a road boundary and
obstacle detection method using a downward-looking light
detection and ranging sensor [2]. Yihui Lu et al. used
Dempster-Shafer algorithm to automatically detect buildings
from aerial images [3]. So far, obstacle detection method is
mainly applied to vehicle systems, robots and building
modeling. As regards to algorithms, Bayesian inference [4],
[5], Dempster-Shafer evidence theory [6], [7], artificial neural
net (ANN) [8], and support vector machine (SVM) classifier
[9], [10] are popular and widely used in researches.
Compared with other algorithms, SVM has many unique
advantages in solving small sample, nonlinear and high
dimensional pattern recognition [11]. However, like other
machine learning algorithms, SVM performance depends
highly on parameter selection. For a classification task,
picking the best value for each variable is a model selection
problem that needs an exhaustive search over the space of
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WE EBHRAFNENXERY , EBAAIESHUE
FHTIEMBERIMFE, XX T=FRTEHSHMNE
EREGZHEEY] (SVM ) FEHXEEYIEF FHE/H
MR, BEFEZLFEMERLE (GS ) , WFHEHULNE
(PSO ) FIEREZ (GA ). Bk, #HRHF=FT/EL
WILEZRAMIE SVM #EFHZH. A5, FELSHHL
LB ZHEI VG TFHXEREYH IR RE,
HF 150 MELBIM A5 RAT T ITEZHHBHTHER
SH. LHERFY , FHFE—Z (LOO ) HMKEEE,
HWFPREZAEAEZIEFG 6 B XX BIFHMEEEL
BB S EEE, LHEE PSO FIGA &%, TUTHE
TR KR Bl 2 3 T B B2 o R LA

X@: PBEERE, KFELIE, BEEZ, THEE
#, S8MAT

MRER

ATHEMULEFHNEE  SSZ2RERES MR
. BREARLEERREFIBRERTRREEL, AW
, FERRENERE SN EZNIRERR |, BEEZE
TR, Bt , AR BN &4 XS I Al %R
FEREDNBENRESEEEEE YL,

EEBYRAIAE  MREARCLKBTRSIE, #
RETSZRNEL,

Harls Baltzakls & , EF R M AWK BEX &7
EFREERE TS, AT ANIZ LA %
## [1]. Jaehyun Han & , FIA T AR RN 1% SRR H
TERIDFEMESYWRN AL [2]. Yihui Lu E46H DS i
REZAHIRNEFRYRBEER 3. BBEFAL , EEY
RMWAFEZEEZATERRE , NIBANERREE, £
SRR, MHETHEE [4], [5], DS IEE#EREI (6], [7], A
ITHZME (ANN ) [8] , ZHBEEN (SVM) [9], [10]RIE
FERRZHOWE LR ZHATEHHR. SEHMEE
MLk, SVM EFRIER | MRS EER IR AEE
BHZHMBNRLE (11, AW, GEHANRZIEE—H
, EEMEVNSEMESERRTSHRNER. X T9
KESKE , NEISHRTELNSEEETEFRANER
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hyper-parameters. Till now, most SVM practitioners selected
these parameters only empirically by trying a finite number of
values and retaining those with the least testing errors [12].

In parameter optimization, Grid search (GS) algorithm
based on “Leave-One-Out” (LOO) is one widely used
algorithm in machine learning. In this method, the
parameter range of the approximate optimal value is firstly
selected artificially, and then an exhaustive search on the
set of parameters is conducted to obtain the optimal
parameters [13]. Obviously, this method is time-
consuming and the low efficiency is not desirable. In view
of this, Chapelle et al. proposed a gradient descent
method to automatically select SVM parameters [14],
which made significant improvements in reducing
computation time. However, it was often trapped in local
optimal solution, and algorithm termination often occurred,
which brought much trouble to the operation. Besides,
Keerthi adopted quasi-Newton method for Gaussian
kernel function parameter optimization of SVM model [15].
Particle swarm optimization (PSO) is a cluster optimization
algorithm proposed by Kennedy and Eberhart in 1995
[16]. It is inspired by the movement behavior of birds and
fish populations, and it is now the representative of swarm
intelligence methods. Genetic algorithm (GA) was
developed by Leung based on real-value to achieve
automatic selection of the SVM model parameters [17].
This algorithm is used to select the parameters of SVM
model based on the global optimal performance to
improve the construction efficiency of SVM and the
recognition rate of the classifier. During the past decades,
SVM with GA and PSO have been applied in various
fields, such as gene selection and classification [18], fault
diagnosis [19], pattern recognition [20], and so on.

In this paper, the application field of parameter
optimization method is extended to the forestry field for
the first time and three different algorithms are proposed
to identify obstacles by testing 150 obstacle samples in
forest. Based on this, the principles and differences of the
three algorithms are analyzed, and their advantages and
disadvantages are summarized. The experimental results
show that the GS algorithm with leave-one-out (LOO),
PSO algorithm and GA algorithm have better classification
accuracy than the GS with 6-fold cross-validation (CV).

PROPOSED PARAMETERS OPTIMIZATION METHOD

The parameters optimization process is shown in
Figure 1, where three kinds of parameter optimization
algorithms are listed as alternative methods. In this paper,
RBF (Radius Basis Function) is selected as SVM kernel
function and parameters that affect the performance of
SVM are error penalty parameter C, and the kernel
parameter o. C represents the tolerable degree of the
errors and o is kernel width. Too high or too low value of
the parameters will cause “over-learning” or “less-learning”
in SVM so that it cannot identify samples effectively. In
order to obtain appropriate C and o, three algorithms are
adopted to optimize the parameters. Next, the principle
and flow of each algorithm will be illustrated for better
understanding of testing results.

a4
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BE2ENZRE , IR MNERNEREZERB, B, X
ZHH SVM ARBLEBRSHRBIZRZRERBUEN
B AREEREE=ER/ D RIRENSH [12].

EsBMlLd , EFE—% (LOO ) HMEER (
GS ) HAER— MW ZEAMVBEIEE, EiZHZE
T, EAEEUSRENSBCEENRETAIRR A5
ESBETHTHFEBRURDNRENSHE [13], EA
, XFEERBRNN , FEREEK, ik, Chapelle 12
BT —HHETHERBIER SVM 38 [14] , R
THENRAFEEEERE. AN, ZELBRZBRARTE
R, EERIENEERENERRBERRT RS KA,
BRIELBASN |, Keerthi RA TR UEE TR H KRS BALL
EESRMEL SVM EE [15], BHh, R FEM (PSO)
£ H Kennedy # Eberhart T 1995 Fi& H—MEE (L
B [16], EMRBRETESXNAXNBERDTH ,
DNERBAEENRREE, BAEZX (GA) RH
Leung BHK SVM BRSBBEHERFTZE [17]. ZEZ
EFNERBENMERERLER SVMBEH , BT SVM B
BRERENHKIABE, EZEW/LTEE , ET GA H
PSO 89 SVM E£NAEENE , MERNFEMS R
[18] , WFE L HT [19] , BRiR% [20] , &%,

EEAXF , sBEAAFENEARBE—RTBET
ME , BHET=RTENEERIRAKXES | B0
150 MRXEBHER , 2T ZREZNREMRE |, #xd
EMNESNRAfTEL., XRERRY , MAE—*
(LOO ) MMEEER A NFREZMEAEEILRAA 6 B
X MIEIEREE BN D RBE.

SBRIHE

BANSBRAEEBUE 1R, ERFREEICEZES 3
M SVM ERM TS LR , AELEN SVM BERNMEX
BISYHTRAHEHER, NP SYM ERHZEEE
BHE&E ANZEERH RBF(Radius Basis Function) ,
HitEhg SVM ER M ENSBEREETNSH C IS
0. C RRERNATEE , 0 REKEE. S5 ENS
BESER SYM BRANZJHEIRZ AR, ER
SVM FEEE X Birdt 19K, ATRBELMN CH o E
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Fig. 1 - Flowchart of the parameters optimization process | 221t 1t &% 7 A

Grid Search Algorithm

The basic principle of GS algorithm is that divide C and
o into grids within a certain range, and traverse all points
within the grid values, then use the cross-validation (CV)
method to validate each value of C and g, finally C and o
with the best classification accuracy is chosen as the
optimal parameters.

The CV method is a statistical analysis method which
is used to validate the performance of classifier. The
algorithm flow of k-fold CV is as follows:

(2) Initialize the parameters C and o of SVM classifier;

(2) Randomly divide the training data into k mutually
exclusive subsets of approximately equal size, and use
one subset as testing set and the other k-1 subsets as
training set to evaluate classifier performance;

(3) Calculate the classification accuracy with the
initialized parameters, and repeat this procedure k times to
ensure that each subset is used once for testing;

(4) Choose the parameters with the
classification accuracy.

Leave-one-out (LOO) can be viewed as an extreme
form of k-fold cross-validation in which k is equal to the
number of examples.

highest

PSO Algorithm

PSO is a new heuristic global search algorithm based
on swarm intelligence, and it performs the global optimum
search via competition and collaboration between the
particles in a complex search space. In PSO algorithm, if
there is a particle swarm composed of N particles in D-
dimensional space, then each particle is a possible
solution in the D-dimensional search space. Particles are
moving in solution space, and dynamically adjust the
speed and direction according to the instantaneous optimal
solution of each particle and the whole population.

45

gtk b

GSEZMERFEE : ¥ C Mot EUETE —ESuE R
PARME , BAFFEMERNE , FIARXXBIEECV (
Cross-Validation ) SRIFE—14 C MofE , RLERESR
BRIEDEBEN C MotEhZRIASE.

CVEER—THRITHMAE , FAKKIESD BN,
K-Bt CVEERTBAT :

(1) #M_{t SVM BEBRSE C Mo ;

(2) BENFNGBED R K BEFEXPMMEENFE , 3
FERAER—NFEEANREMEM k-1 NFEERIIGE
SRAQ M 53 S BR AR

(3) THZLRSHABLH SVM HNAEBE , HESI
T KRUERENFEHEEN —RNEHE ;

(4) EREARRPEBENSREFARES .

B—3& (LOO ) I EER —MRIHHIN k-BMRR
BiIEE | Hep | K ETHNUSEARHKRE,

HFRIZE

PSO RETRAERN —THHNEAXNEREREL , ©
BEESRNERZRAN F2ANREENMEXIRRILE
R, ¥ PSO EAEF , MIRE— D &Z=HHPHE N ML FAR
HRFE , 8 M FR—E D 4B R=HAHIEENE, KT
ER=REBI , FRES M FNBENEEN RN RAEHS
#EEEE B ANRENAE.
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In a D-dimensional search space, a community is E—AD&EREN  — BASHNAMEFER B
composed of N particles, of which the i-th particle is _ e ’
represented by a D-dimensional vector: FBiIMFILBE— N DHEBMERTNOT :

Xi = (X1, %207, %p) ,i =12,-+,N 1)

The “flight speed” of the i-th particle is also a D- BIANFHITEEHLE—DLANEE 5N
dimensional vector, denoted by: ’

Vi =( Vi, Viz 5-+,Vp) , 1512, N )

The instantaneous best position of a particle i is called BB RS | W AMEARE | g
individual extremum, denoted by: ’

Poes = (Pigs Pizs*s Pip), 1=12,-,N 3)

The instantaneous best position of the whole particle BN FRNENSENEREGASERE 2y 2
swarm is called global extremum, denoted by: ) N . .

i MITFHITEECR— P DENEE , KRN :
Obest :(pgl’png"’pgD) 4)

In the searching process, particles adjust the speed EEEERG  WFRETH AR FEEEEMNSE
and direction according to the following formulae: '

Vid (t +1) =wlvig (t) + ciri(pid (t) — Xid (1)) + Cr2(Pgd (1) — X4 (1) )
Xid (t +1) = Xid (t) + vid (t + 1) (6)
where cl, c2 are acceleration constant, r1 and r2 are Heh | cl, c2 RmEES , r1 F r2 27200, 15EEMHIBEH
the uniform random value in the range of [0, 1] . e ' '
The algorithm flow of PSO s as follows: B, PSO EXAREWNT :

(1) Initialize the swarm, including population size N, the (1) B 78 SERENE N S MNEFHEEX
position X, and velocity V; of each particle; EEV

(2)itEsM FHERE R[] ;
(3)WFEAMNETF , kR EWENEFRI S M ERE

(2) Calculate the fitness value F[i] of each particle;

(3) For each particle, compare its finess value FJi] with
individual extremum value Py i ). If Flil> pws (i) , replace

Poed 1) by Fil; Poee 1 )o BN Fli]> Pree (1) , A R[] Poed 1) ;
(4) For each particle, compare its fitness value F[i] with global (4)RFEMT , tBREeWENEFRIS2BRE
extremum value Oy . If Fitli]> Opes , replace Gy by Filil; Opes o JOR Fit[i]> Opest , B FLlI] B Opes ;
(5) Update the particle velocity V; and position X; (5) BELAXOFQEFH FHEEMTLE ;
according to the equation (1) and (2); NP = B o 1 AL Vo B 3k TI| 2 o g
(6) Output the result when the error is low enough or the maximum (6) 5 I\REE% BB RBERRB A BA B
number of iteration is reached; otherwise return to step (2). R, BWEEANSER(2).
GA Algorithm

The searching for the optimal solution of GA is an BeWZ
imitation process of biological evolution, which is done by GA E—fhiEFAyH L ERNERE  BeRadnxR

chromosome crossover and mutation. The GA algorithm X
mainly uses the selection operator, crossover operator and ~ MERTHK. BERELITEXALEERETF , IXETNERE

mutation operator to simulate biological evolution, and N N N o o N
produce generation after generation of the population. The FRELEWRAL | HPEERR. SARTRIER R LR

three operations are defined according to evolutionary terms BT : %RE T 2B S MR RS REMER A ME |
as follows. Selection operator is used to select individuals that

adapt to the environment from the group by calculating fitness ~ SREEFIXLENMEKEET — K. W TEENE , IXEFR

value, and these individuals are selected for breeding next TEPYRI = - T AT ] Ak B s
generation. For the selected individuals, crossover operator is B-EHRIBRZRER —BOH I TEMEHER , &

used to exchange genes in the same position of two different REFBEN R R LEAMEN E RSk E B X 223 13 12,
individuals based on some crossover probability, and

mutation operator is used to change genes of some EREEED , MAMREARE n MREN L W-#HSEA

individuals, Wh|<;h_ is aS|ml_JIat|on of gene mutation. _ . EEATHEGT SI-HEUEMMWREHER, £
In GA, the initial solution group is composed of n binary

string of length L. In each string, each binary bit is its —ANZHEEF MR- SHEVE 1, 23TRIEERE

individual chromosome gene. In a binary string, if a binary bit .
is 1, then it will be converted to O after mutation operation, SBFIRN 0, RZTR,
and vice versa. The algorithm flow of GA is as follows: BAEEENEETRNT
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(1) Initialize the population, including population size N,
crossover probability Pe, mutation probability An and the
standard of the evolutionary termination;

(2) Calculate the fitness value of each individuals;

(3) Achieve population evolution by selection operator,
crossover operator and mutation operator;

(4) Output the result when the standard of evolution
termination is met; otherwise return to step (2).

Support Vector Machine

In this paper, SVM model is used to identify obstacles
in forest. As a new machine learning algorithm, its core
idea is to convert nonlinear separable problems in low-
dimensional space into linearly-separable problems in
high-dimensional space.

If there are two classes in space H can be separated
by a hyperplane as follows:

wX+b=0

where x represents the feature vector, our goal is to
calculate the values of w and b to determine the optimal
hyperplane which maximizes the margins of the two
classes (Figure 2).

X
x
-
5 .
O O
@)
o O
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(1) AL 78 , OEREAE N, XXBE R,
T FRBE B ML R

(2) HESMEHERNE ;

(3) BEERET , IREFHNERE FRUMERL ;
(4) HARRHCALEZHTREER , BUEESEK (2) .

SEHE B SVM

EAXH , SVM EEFEARABINKXWESY. FH—f
MM BEIER |, ER OB RIHEE R PIELETH @
BHERRESEZRPEETIRE, NRERNETUEE
B H FERBPEBITHE , MABFERRAOT :

@)

Ho x RABMEEE , RIVBEHFRUTE wH b HE ,
LRESIRENBTE , EBTIXAN LN EERAIL
(E2).

Fig. 2 - SVM maximum interval hyperplane / SVM R A /&5 F &

In SVM model, it is not necessary to make all vectors far
away from the hyperplane. What we care about most are the
vectors that are nearest to hyperplane. By calculating the
distance between the nearest vectors to the optimal hyperplane,
the question can be described by the following formula:

. 1
min,, 2o’

£ SVM BEA R AXERFEN METEEFHE ,
MEEXOWREEBETESINOE, BYITEEERNL
BYEKIEMNEEZFEE , BB TUE T

sty (W' x® +b)21i =12,..,m

To solve the above problem, Lagrange operator is
introduced to the formula. By simplification and conversion,
the optimal values of w and b can be obtained by solving a
constrained minimization problem as follows:
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f(x) = sgn ZaiyiK<xi,x)+b ©

i=1

where K (xi, x) is the kernel function used to solve
nonlinear separable problem. Commonly used kernel
functions are linear kernel, polynomial kernel, RBF (Radius
Basis Function) kernel and so on. In this paper, the SVM
model parameter selection issue is considered based on
RBF kernel as follows:

K(xy) = exp

Therefore, the performance of the SVM model depends on
the error penalty parameter C and the kernel parameter o.
The above three algorithms are used to optimize the value
of parameter C and o. After that, the kernel function with
optimized C and o is adopted to construct SVM model to
improve the obstacles identification performance.

L \'\_ -
] < -
i . . . b

He Kix, )RATHRRIEZET D QBN ZER, ¥
ANREBALMERER , 2MAKER , ROEEK
(RBF ) BEBE, EANF , SVM EESBUERE R
INARET RBF EEMN , ZMEBRTNT :

2
eyl
20

(10)

Hit , SVM BEHMHERRTREETNSH C MKSH
oo ER=AEZARMCNSE C MothE. R, FiL
LR C Mok A SYM B | LIhEEEXN AKX EZYH
B HEEE,

. . o
T :
h

=

Fig. 3 - Sensors placed on the same horizontal plane in this experiment / #4218 & S #/&

EXPERIMENTAL RESULTS AND DISCUSSION

Figure 3 shows the 2D laser scanner and infrared
thermal imager used for detecting obstacles in this
experiment, and the sensors of the scanner and imager
are placed on the same horizontal plane. Firstly, the
position and image of obstacle is collected by the
equipment. Then, after images fusion and data
association, the features of the objects such as the height,
width, shape, temperature, and color could be obtained
from the laser points, visible images, and infrared images.
Finally, three SVM parameter optimization algorithms, of
which the GS algorithm includes 6-fold crossover-validate
and LOO, are applied to a RBF SVM model to achieve
obstacles recognition. In order to examine and compare
the SVM performance, the three algorithms are tested
using 150 forest obstacles samples, including 50 trees, 50
people, and 50 stones. For each type of obstacle, 40
samples were selected randomly as the training data and
the other 10 as the test data (Table 1).
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RB4LR5ie
SERTEAXRBRHAATRUMXERYN 2D Bk
PEMAIARGN , BAPEUANIARGUIEREBER
—kFEEE. X, EXFHAERBTUREESYHALE
NEBES. RE , AIEAGMEMBIEXER , BIREN
BER, AR XEGMLNER G TS BN RIS ,
nEE , RE, ¥R, BE , Be%. &5, = svm
BARCEE , HP GSEZPHBIFEAT 6 MRXXBRIEME
—% , HBEATET RBF #) SVM EERZIAMXERIR
Blo ATREMERZFEENMMEE , A 150 NFHERM
RIS YIMEER (2IE 50 BH, 50 A, 50 AL ) R#TE
RR. NFE—RBENESY , BILIEE 40 MERER
YIREHE , BR 10 MEEERNRBIE (K1),
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Table1l/ &1
Training data and test data / W& Z#ERN X5
Sample Type / Total Samples / Training Samples / Test Samples /
BARA HAEBH IR P IR DS
Tree / HK 50 40 10
People / A 50 40 10
Stone / Ak 50 40 10
Total / B3 150 120 30

In GS algorithm, firstly the range and search step of
the variables are set, where C[J [2%, 28, o0 [28, 2% and
the search step is 0.5 for both C and o. Then 6-fold CV
and LOO methods are adopted respectively to validate the

value of C and o. Based on the calculation, when k > 6, the

growth of the best accuracy by CV is relative slow, so the
k is set as 6. Moreover, LOO method is used as an
extreme of CV to be compared with 6-fold CV.

In PSO, acceleration constant c,=c,=2, inertia weight
w=1, cL] (0, 100], oLl[0, 1000]. Population size is set to
20 and the maximum iteration generation is 200. When the
iteration time is up to 200 or the global fitness remains
unchanged in 100 consecutive iterations, the operation
stops.

In GA, acceleration constant c;=c>=2, inertia weight
w=1, c (0, 100], o] [0, 1000]. Population size is set
to 20 and the maximum iteration generation is 200.
When the iteration time is up to 200 or the global fitness
remains unchanged in 100 consecutive iterations, the
operation stops.

After parameter settings, SVM model parameters can
be calculated by different algorithms based on 120 training
samples, and Table 2 presents one group of calculation
results as an example.

TENTREZNSHHITIEE : £ GS &4, HE
BRETBNETEMERSE , i ce2®, 2%, oe[2®, 2%,
BELSKAR 05, BIITETH , REIBEREE k BENEK
MK, M k> 66, RBIBENERRIE T KBIRER
6o A\, LOO EMEA— MRS F 5 6 f CV #ITHR,

£ PSO B, MEEER ci=c=2 , iR Ew=
1,Ce(0,100], o€[0, 1000], B¥EAR/PNEER 20, &
FRIERIREA 200, HERRBET 200 R BREEL
AR 100 XFER , FLERE,

EBREEER , MEEER = =2, BMEREw=
1,Ce(0,100], o€[0, 1000], B¥EAR/PNEER 20, &
RIERIRE A 200, HERRBET 200 H2 BREELE
AR 100 XFER , FLERE,

AN ESEHIEE , ANET 120 MISGERNIR |
AR BRI E LGN SYM BRSE , XK 2 Fr
TR—ATELER,

Table2/ %2
SVM model parameters obtained with different algorithms / B F/FEEHZ LGS ¥
Algorithm / Best Fitness / Best C/ Best o/
E BEBNE BECH Bto
6-fold / 6 B 92.50% 2 0.0313
GS /| Mm%
LOO / FIfFEE— % 95.00% 2 0.0039
PSO | # FEHN 94.17% 3 0.0100
GA | BEE % 95.83% 2.89 0.0019

Due to the parameters obtained from the three
algorithms, the SVM classifier can be used to classify the
test samples, and their performances are shown in
Figure3, according to which the average classification
accuracy of each parameter algorithm can be calculated.

BRE=FEZRENSH , SYM FEB[ALAT2EN
HER SRS RNE 3R , BNHERAUITE
HENEENFHEDRBE,
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Fig. 3 - Identification accuracy of each algorithm in 20 tests | =& E#IEEH IR 5 KB E L2 E

The average recognition accuracy of GS with 6-fold CV,
GS with LOO, PSO and GA are respectively 91%, 95.33%,
94.85% and 95.34%. It is obvious that the SVM model with
the 6-fold CV has relative lower classification accuracy
compared with the other three algorithms. In GS algorithm,
almost all samples are used to train the model in each
iteration for LOO method, which is the closest to the original
sample distribution, so that LOO method has a better effect
than 6-fold CV method dose, and the assessment outcome of
the LOO method is more reliable. However, LOO method has
the shortcoming of high computing cost, because the number
of models requiring to be established is the same as the
original number of data samples.

The identification accuracy of GS algorithm with LOO
method and GA algorithm both can reach over than 95%,
which is slightly better than that of PSO algorithm. GA
algorithm and PSO algorithm are both trying to simulate the
population adaptability on the basis of natural characteristics,
and they adopt certain transformation rules to solve problems
by searching space. In our study, these two algorithms both
have high classification accuracy for obstacle detection in the
forest. They have their own characteristics and advantages, as
well as defects and deficiencies. PSO algorithm has more
efficient information sharing mechanism than GA algorithm and
all particles in PSO algorithm may converge faster to the
optimal solution than the evolutionary individuals in GA
algorithm. But this mechanism may lead to over-concentration
of particles, which is likely to fall into the local minimum. For GA
algorithm, coding techniques and genetic manipulation are
simple, while PSO algorithm has no codes or crossover and
mutation operations, and the particles are updated only by the
internal speed. Therefore, the principle of PSO algorithm is
more simply and easily to achieve.

Besides those above, it should be noted that although
GS algorithm, especially with LOO method, can find the
global optimal solution, it will be very time-consuming
sometimes if people want to find the best parameters C
and o in a larger range. But for GA and PSO algorithms,
they are both heuristic algorithms that can find the global
optimal solution without traversing all parameters within
the grid, which will save a lot of computing cost.

CONCLUSIONS

Three parameters optimization algorithms: GS
algorithm, PSO algorithm and GA algorithm were
proposed to a SVM classifier to identify obstacles in forest
area in this paper. The principle and flow of each algorithm
were introduced and the parameters of each algorithm
were set according to experience. After that, parameters C
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6 B CV, LOO , PSO fl GA K F1JiRBIREE 2317 91
% , 95.33% , 94.85%# 95.34%. Z& , 6 K CV I SVM
BRESHMEEAL , BEARENDEBE. £ LOO &k
F, BRERILFRIIMENEERIIGER | XRHIEER
RBHAD MBI AL , FTLL LOO CV itk 6 By CV EEH
BREMERE , WEERER LOO FAEAR, AM,
NEZBRUNERAYE ERENVBIERAKRERMEEN | A
K LOO FZEBITTEREBNERS.

LOO %Mtk B RMIRF ABERATLUKE 95% )
L, BETF PSO B, GA EAM PSO Eii#f i AERE
TERBMENTTEINME  FEAXR—ENTHRAN , B
BREFERBREADE. ERMOHFRS , XHPEEERM
WEBIRNTHBEFRENSXABE, SIEECHNE
AR RAMEERBMTRE, PSO BEihBEELER
ESRNEERZNSG , HB PSO BAPMAMAR TLL#
HEENBCNEERBS T RAER. EXPIHTELS
BN FEEEFMBARBRME. GA EENEBREAMN
BEBHAFEEAMNE W PSO HEETEEAMRBHR
IMEREE , WP ITASEEEH. Bk, PSO &
ENREERSE K FERASZI.

BT LRIWER , NLUEHNZE , 84 GS BEEALL
KIeRRMEHE , ERUIRBE—ITRANEERKIRE
C MoRIERMMW. M GA M PSO BEEHMERAXE
E, AUERMBAEEEGMESEEII2RHAE , TE
TREMNITERA.

&it

NHRET=MSHBMRCEL : GS %, NFREX
MBEEE  FFENAT SVM DERBRNMXES
TR, MATEBRHEENRENRE  ARELBRRET
HESH. RE , BAXERCEEN SVM BRPHSHK
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and o that were used in SVM were optimized by these
algorithms. Then the optimized C and ¢ were inserted into
kernel function in SVM to identify three kinds of obstacles
in forest. Finally, the performances of the different
algorithms were examined and the experimental results
showed that the GS algorithm with LOO, PSO algorithm
and GA algorithm had better classification accuracy than
GS algorithm with 6-fold CV. Considering the time-
consuming disadvantage of GS algorithm with LOO, the
PSO and GA algorithm are considered as more suitable
methods for obstacle recognition in the forest. Our work
extends the application field of SVM to forestry, which may
provide valuable reference for developing new forestry
equipment.

Aknowlegement

This study is financially supported by National Natural
Science Foundation of China (Grant No.31070634), China
Postdoctoral Science Foundation (Grant No.
2012M510330), 948 project supported by State Forestry
Administration, China (Grant No. 2011-4-02).

REFERENCES

[1]. Baltzakis H., Argyros A., Trahanias P., (2003) -
“Fusion of laser and visual data for robot motion planning
and collision avoidance,” Machine Vision and Applications,
92-100,15(2);

[2]. Han J.; Kim D.; Lee M.; Sunwoo M., (2012) -
“Enhanced road boundary and obstacle detection using a
downward-looking lidar sensor,” leee Transactions on
Vehicular Technology, 61;

[3]. Lu Y. H., Trinder J. C., Kubik K., (2006) - “Automatic
building detection using the Dempster-Shafer algorithm,”
Photogrammetric engineering and remote sensing, 395-
403, 72 (4);

[4]. Pizarro, D.; Mazo, M.; Santiso, E.; Marron, M.;
Jimenez, D.; Cobreces, S.; Losada, C., (2010) -
“Localization of mobile robots using odometry and an
external vision sensor,” Sensors ,3655-3680, 10;

[5]. Zhu, Y.D.; Fujimura, K., (2010) “A bayesian
framework for human body pose tracking from depth
image sequences,” Sensors, 5280-5293, 10;

[6]. Khoshelham K.; Nardinocchi C., (2009) - “A learning
Dempster-Shafer model for automated building detection,”
In  Proceedings of the Optical 3-D measurement
techniques IX, Vienna, Austria, 1-3, July;

[7]. Rottensteiner F.; Trinder J.; Clode S.; Kubik K.; Lovell
B. (2004) - “Building detection by Dempster-Shafer fusion
of LIDAR data and multispectral aerial imagery,” In
Proceedings of the 17th International Conference on
Pattern Recognition (ICPR’04), 23-26, Aug.;

[8]. Shutao L., James T. K., Yaonan W., (2002) - “Multifocus
image fusion using artificial neural networks,” Pattern
Recognition Letters, Vol.23, No.8, 985-997, June;

[9]. Bo W., Jixiang L., Qixiang Y., Zhenjun H., Jianbin J.,
(2011) - “Fast pedestrian detection with laser and image
data fusion,” 2011 Sixth International Conference on
Image and Graphics (ICIG), 12-15, Aug.;

[10]. M. A. Sotelo., I. Parra., D. Fern’andez., E. Naranjo.,
(2006) - “Pedestrian Detection using SVM and Multi-
feature Combination,” In Proceedings of the 2006 IEEE
Intelligent Transportation Systems Conference, Toronto,
Canada, 17-20, September;

[11]. V. Vapnik, (1995) - “The Nature of Statistical Learning
Theory”, Springer, NY;

[12]. Ayat N E, Cheriet M, Suen C Y., (2005) - “Automatic
model selection for the optimization of SVM kernels,”
Pattern Recognition, 1733-1745, 38(10);

[13]. Lee J. H., Lin C. J., (2000) - Automatic Model Selection
for Support Vector Machines [R]. Taipei:Taiwan University;

51

INMATEH'-'&?Q‘Q:M {tural cé;ng&mmiaeq

C MoH T T, FLILEH C MoD KA SYM EH
B MXFN=ELESYRTIRANNSE, &E, A
150 AFARBEIEN =MEENIRAILRBT TNE | XRE
RRA, FIAE—% (LOO ) WMEER N FREEN
BEEZLFA 6 M XXBIENNEEREEEFH AR
B, ZRE LOO AUHERAENRI , N FREENEME
HEAEEATHXWEISWIR . &AOFXF[ENNNA
FRIETHLSE  IHERLRZENTFRERTENED
2%,

il

AR EHERBARRNFES (#H# No.31070634) |, H
EELENFES (#UES  2012M510330 ) , FEEZRMI
B 948 T E (#t/#ES : 2011-4-02 ) MBI

SEXE

[1]. Baltzakis H, Argyros A, Trahanias P., (2003) - EF 2
HHHHBIEHE BV EEA S S FEEEGE , T &
AR SRIA, 92-100, 15 (2);

[2]. Han J.; Kim D.; Lee M.; Sunwoo M., (2012) - EF F A E
AR AR B SRANEFFAGTF, | lece TERBUREIL , 61
[3]. Lu Y. H., Trinder J. C., Kubik K., (2006) - #/#DS
EZXEyRNERY, BENEBIREER , 395-403,

72 (4);
[4]. Pizarro D.; Mazo M.; Santiso E.; Marron M.; Jimenez

D.; Cobreces S.; Losada C., (2010) - EF W Z &M
HEBFH B YFAEN , EREF , 3655-3680, 10;

[5]. Zhu Y.D.; Fujimura K., (2010) - F| A N M HiELRMNRE
B GF IR AMEDS |, EREF |, 5280-5293, 10;

[6]. Khoshelham K.; Nardinocchi C., (2009) - /% 3 #9D-
SEAEGGRINERY, KRFE=ZLMNEFHRLY, Vienna,
Austria , 1-3, July;

[7]. Rottensteiner F.; Trinder J.; Clode S.; Kubik K.; Lovell B.,
(2004) - & FEH EDHIEHZH 1EHEEBROSHEBIZER
&2, #£17RER IR EFRXW (ICPR04), 23-26, Aug.;

[8]. Shutao L., James T. K., Yaonan W., (2002) - EFA LA#LEM4%
HZEREGHS , EIRBIRIR |, Vol.23, No. 8,985-997, June;

[9]. Bo W., Jixiang L., Qixiang Y., Zhenjun H., Jianbin J.,
(2011) - RE , RZ#, HEH,K #BEE, &R, EFH
HFEREAEHERIRETARI , 2011 FEAREEGEFE
ZEERAW (ICIG),12-15, Aug.;

[10]. M. A. Sotelo., I. Parra., D. Fern"andez., E. Naranjo.,
(2006) - EFSVMHZHHEFMEHTA BRI ZHFF , 2006
IEEE EBEBERLE A, Toronto, Canada, 17-20, September;

[11]. V. Vapnik, (1995) - &1 T Eit#y45 , Springer, NY;

[12). Ayat N E, Cheriet M, Suen C Y., (2005) - SVMZZ#L1E
B E SRS, ERIRF , 1733-1745, 38 (10);

[13]. Lee J. H., Lin C. J., (2000) - /4 /5/EH] 55/ RS

Taipei: Taiwan University;



Vol. 40, No. 2 /2013

[14]. Chapelle O., Vapnik V., Bousquet O., et al. (2002) -
“Choosing Multiple Parameters for Support Vector
Machines,” Machine Learning, 131-159, 46 (1-3);

[15]. Keerthi S. S. (2002) - “Efficient tuning of SVM
hyperparameters using radius / margin bound and iterative
algorithms,” Neural Networks, IEEE Transactions on,
1225-1229, 13 (5);

[16]. Kennedy J., Eberhart R., (1995) - "Particle swarm
optimization,” Neural Networks, 1942-1948, 4;

[17]. Leung Y. W., Wang Y., (2001) - “An orthogonal
genetic algorithm with quantization for global numerical
optimization,” IEEE Trans Evolutionary Computation, 41-
53,5 (1);

[18]. Huerta E. B., Duval B., Hao J. K., (2006) - “A hybrid
GA/SVM approach for gene selection and classification of
microarray data,” Applications of Evolutionary Computing.
Springer Berlin Heidelberg, 34-44;

[19]. Wang J., LU S, (2005) - “The study of GA-SVM on turbo
generator fault diagnosis,” Turbine Technology, 10-20;

[20]. Ranaee V., Ebrahimzadeh A., Ghaderi R., (2010) -
“Application of the PSO-SVM model for recognition of
control chart patterns,” ISA transactions, 577.49 (4).

52

INMATEH'-'&?@qtmftnmﬂ Canm:mq

[14]. Chapelle O., Vapnik V., Bousquet O., et al. (2002) - &
BB ZSH%FE , HlEEFY, 131-159, 46 (1-3);

[15]. Keerthi S. S. (2002) - BF¥£E L& BEAFNEAELS
N ZH R EYES S, MARML, 1225-1229,13 (5);

[16]. Kennedy J., Eberhart R., (1995) - # FE &%, #EWN
4%, 1942-1948, 4;

[17]. Leung Y. W., Wang Y., (2001) - 2E#E LI ELIF
XiEEEE , |EEE #1Lit5.41-53, 5 (1);

[18]. Huerta E. B., Duval B., Hao J. K., (2006) - —7NE&
GA | SVM G Z 37 B RSB im B A 53, ALt E R
F. Springer Berlin Heidelberg, 34-44;

[19]. Wang J., LU S., (2005) - EFE#EZE LS/ EENHT
B X EYHAELHHRE, SRR, 10-20;

[20]. Ranaee V., Ebrahimzadeh A, Ghaderi R., (2010) - AF# FEEE
ILE LR LRI E IR R FIFEHEE | ISAZIR, 57749 (4).



Vol. 40, No. 2 /2013

INMATEH'-'&?Q‘Q:M {tural cé;ng&mmiaeq
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Abstract : As the present feeding devices used in the
chicken farm are mostly simple and less automated, an
intelligent feeding system is established in this paper by
comprehensive technological means like sensor detection,
data processing and remote monitoring to control the
feeding quantity accurately and monitor the feed intake in
real time. The system consists of upper computer, control
center and mechanical hardware equipment, of which the
mechanical hardware equipment is about 44.2kg. Upon
testing, the system takes 15s in feeding; the accuracy of
feeding quantity is 90-99%, compared with 70-85% of that
of traditional machine; the feeding efficiency is 1.4-1.9
times higher than that of traditional machine. Users can set
the feeding parameters based on the chicken age, type of
chicken and other information through the interface of the
upper computer, and monitor the epidemic situation of the
chicken farm, to achieve the requirement of intelligent
feeding.

Keywords: feeding system, real-time detection, man-
machine interface, STC89C52

INTRODUCTION

The research of feeding process and feeding equipment
is an important link to the feeding and management of
chicken farm™?., Traditional feeding method is featured by
low efficiency and waste, as it mainly depends on people
experience to decide the feeding parameters, and transfer the
feedstuffs to each feeding manually. Feed intake is a physical
quantity which indirectly reflects the growth trend and health
of the chickens. Monitoring the feed intake in real time is of
significance to production raising and diseases prevention
[3][415]-

At present, with the all-round development of automation and
mechanization technologies, many mechanized and semi-
mechanized chicken large, medium and small farms, , appeared in
succession in China, which greatly increased the feeding efficiency.
However, they are still in the blank stage in figuring out how to
control the feeding quantity accurately and monitor the feed intake
in real time. Compared to foreign countries, the automation level of
the domestic feeding device lags far behind, hindering the large
and scale development of the chicken farms [6][7][8].

For above reasons, a feeding system for chicken farm is
developed herein. This system, developed on the basis of the
traditional feeding device, can effectively feed the chickens in
a timely and quantitative manner and monitor the feed intake
in real time, provides such functions like residual detection
and epidemic warning, offset the shortages such as single
feeding function and dispersed structure and feed the
chickens in a highly-intelligent and accurate way.

STRUCTURE AND PRINCIPLE OF THE FEEDING DEVICE
This feeding device consists of charger, conveyer
(including helical conveying pipe and DC gear motor),
emptying device (including emptying valve and emptying
pipe), feedstuff quantity detector (including ultrasonic
ranging sensor, electric drive pusher and refining pusher),
control system (upper computer, control center and serial
communication module) and power supply system, of
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which the control center is based on STC89C52 single
chip. See figure 1 for mechanical structure design of the
feeding device.

tt——1 Charger
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Fig. 1 - Intelligent mechanical structure for chicken feeding / ESEBAMBEI K HIMER

The process of the whole system is depicted as follows:
(1) Set the feeding time and quantity of that day on the
interface of the upper computer; (2) When the feeding time
comes, the upper computer will send the initial signal and
feeding quantity to the control center through serial port;
(3) Upon identifying the initial signal, the control center will
drive the charger, conveyor and emptying device and then
the feedstuffs will be conveyed from the charger to the
feeding trough; (4) before feeding, the feed quantity
detector will accurately measure the feedstuff quantity in
the trough through ultrasonic ranging sensor and refining
pusher and send the measuring data back to the control
center while uploading it to the upper computer; (5) the
control center will compare the measuring data with the
feeding quantity. If both of them are equal, it will close the
electrically operated valve (EOV) to the corresponding
trough to stop feeding; if not, it will continue feeding. When
feeding from all troughs stops, the system will enter
dormant state and wait for next order. At all time when the
system is powered on, user can collect and display the
data of feedstuff quantity from any trough by means of the
monitoring function of the upper computer.

Design of feedstuff quantity detecting system

The feedstuff quantity detecting system which is used to
accurately detect the feedstuff quantity in the trough mainly
consists of refining module and height detecting module.

Refining module

As the feedstuffs coming from the emptying device are
in irregular geometrical shape, a refining module is
designed. The purpose of it is to level off the feedstuffs
evenly in the trough to accurately detect the feedstuff
quantity. Trough which is located below the hole of the
emptying device (see figure 1) is the direct rectangle
container (made of stainless steel) for chicken feeding. The
whole trough is separated evenly with four iron plates, i.e.,
consisting of five independent sections. With the structural
parameter of single trough of 39*8*10cm and the capacity
of 1000g, it can be used to feed five chickens at the same
time in one day. This independent trough not only prevents
chickens from fighting for food, but also establishes a one-
to-one relation between chicken and trough, facilitating the
positioning analysis of single coop.
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Fig. 2 - Refining device /| TH/#&&

The refining module (see figure 2) consists of refining
pusher mounted in the bottom of the trough and linear
motor M1. (1) Refining Pusher: 220cm L x 6cm W x 0.3cm
H. The size can be neglected compared with the size of the
trough. The refining pusher is composed of one main
pusher and five sub-pushers. The sub-pushers are welded
and perpendicular to the main pusher every 39 cm. (2)
Linear motor M1 (also known as refining motor): Its
parameters include 12 V DC voltage, 1200N maximum
load, 540 mm/s maximum no-load speed and 600mm
maximum stroke. M1 is fixed to one end of the main pusher
through a coupling and directly drives the load for linear
motion.

When refining operation is needed, the control center
will activate M1. The refining pusher will start reciprocating
motion under the control of M1 to level off the feedstuffs
within a short time through friction and vibration. Upon
repeated test, when the trough is full of feedstuffs, the
horizontal motion speed of the refining pusher is
490~500mm/s. The feedstuffs can be leveled off by the
refining pusher through two or more reciprocating motions
under this speed.

Height detecting module

This module consists of ultrasonic ranging module HY-
SPFO5 and temperature sensor DS18B20; (1) Ultrasonic
ranging module HY-SPF05: Two ultrasonic ranging modules
are mounted horizontally right above each trough. The mean
value of the feedstuff height detected by two ultrasonic
sensors will be deemed as the final feedstuff height. The
ultrasonic ranging module consists of ultrasonic launcher and
receiver. Its parameters include 5V DC voltage, 15mA
working current, 2~450mm measuring distance and 150
detection angle and 3mm measuring accuracy; (2)
Temperature sensor DS18B20: The purpose of it is to
compensate the temperature for ultrasonic ranging.
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The ultrasonic ranging sensor is directly connected to the
control center. When there is a need to detect the height of the
feedstuffs in the trough, the control center will activate the
ultrasonic launcher to launch the ultrasonic wave. The time
interval between launching ultrasonic wave and receiving
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ultrasonic echo is 1. As the propagation velocity of ultrasonic
wave in the air is easily affected by the surrounding environment,
it is a need to compensate the temperature for ultrasonic velocity.
Upon compensation, the ranging formula is as follows [9]:

S
2

Wherein: T is actual temperature ( °c )
c=3315(M/s) , a=0.60Mm/E0C) is temperature
compensation coefficient, S is the distance (unit: cm)
between sensor and object to be tested. If the feedstuffs in
the trough are leveled uniformly, the space (S) between
ultrasonic ranging module and feedstuffs can be tested
accurately through ranging operation.

Conversion between height and mass

To perform quantitative feeding and real-time
monitoring, it is necessary to directly obtain the mass of
the feedstuff in the trough [10]. The following is mapping

relation between mass (marked as m ) and space (marked
as S) which is obtained from relation between density and
mass m= p*Vv:

_(cta*N)*t
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m=p*v=p*(s(L-9) )

Where V means feedstuff volume (unit: cm®) in each
trough, p means the feedstuff density (unit: g/cm?®), Smeans

the floor area of the trough and L means the space (unit: cm)
between ultrasonic ranging sensor and trough base.

While the feedstuff quantity detecting device is working,
first activate M1 for refining operation. The feedstuffs will
be leveled of after 3.2s; then the control center will activate
the ultrasonic ranging module and temperature sensor.
When the return time of ultrasonic ranging sensor is 600 ;sand

the current room temperature tested by the temperature sensor
is 25°C, the space between ultrasonic ranging module and
feedstuffs is 11.6cm by means of formula (1). If L=20cm,
s=312n?, p=0.35y /cm®, the mass is m=917.28 in the
current trough by means of formula (2).

Design of tubular helical conveyor

The helical conveyor which is used to convey granular or
powdered feedstuffs is simple in structure, reliable in performance
and designed in mechanical structure (See figure 4).
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It can be seen from figure 4 that the tubular helical
conveyor consists of helical blades welded to the helical center
shaft, AC gear motor M2 (also known as conveying motor)
and main conveying pipe. (1) Helical blades welded to the
helical center shaft: Stainless steel blade with 16cm external
diameter, 4cm internal diameter and 16cm pitch; (2) AC gear
motor M2: Its parameters include 22V AC voltage, 6W power,
13r/min rotating speed, and 3N [In torque. The output shaft
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of the motor is connected to the helical center shaft through
the bearing to control the rotating direction and speed of the
blades; (3) Main conveying pipe: With the parameters of 4cm
radius and 210 cm length, it is an enclosed plastic pipe. The
upper left of pipe is connected to the charger through the hole
of the emptying device.

In the process of feedstuffs conveying, the control center
controls the feedstuffs in the main conveying pipe by controlling
the speed and direction of M2. While M2 is rotating in reverse
clockwise direction, the feedstuffs will be conveyed from the left
of the main pipe to the right (left to right) and distributed to the
troughs corresponded to five small pipes; while M2 is rotating in
clockwise direction, the feedstuffs will be conveyed from right to
left and distributed to the troughs corresponding to five small
pipes; When M2 stops, the feedstuffs conveying will also stop.
See figure 1 for the control relation between feedstuff and main
pipe. It takes about 30s to convey the feedstuffs from one side
to the other side under the speeds in table 1.
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Table 1/ #1

Control relation between AC gear motor M2 and feedstuff / &8 B4 M2 X TR 89124 RK

M2 rotating direction / M2 rotating speed / Conveying direction / Conveying speed /
M2 #5750 M2 FiE orirt v IR REE
. ) Positive direction (Left to right) /
Reverseclockwise /1247 £/ 10r / min X5 (MEFE ) 7cm/s
] . Reverse direction (right to Left) /
Clockwise / MTA7£1 10r / min REH (MEEE) 7cm/s
Design of electrically operated valve (EOV) B THR T

It can be seen from figure 1 that an EOV is mounted
between the charger and tubular helical conveyor to control
the feedstuff quantity of the conveyor. This EOV is known
as the first switchgear of the charger. To separately control
the charging process of each trough, an EOV is mounted
between the emptying pipe and each of five trough
sections. This EOV is known as the second switchgear of
the emptying device. When either EOV is opened, the
feedstuffs will pass through the corresponding valve. The
height of the valve and the size of the feedstuffs passing
through the valve per unit time are directly relative; When
EQV is closed, the passing will stop. In this system, all the
EQOVs are of the same type. See figure 5 for its mechanical
structure.
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Fig. 5 - Electrically operated valve / #35745/'7

EOQOV consists of: motor base, one metal rack mounted on
the base of the iron trough, emptying baffle plate and DC gear
motor. (1) Motor base: Fixed on the support below the hole of
the emptying device with a hard iron trough separated; (2) Metal
rack mounted on the base of the iron trough: As the width of the
rack is the same as the width of the iron trough and the length is
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2/3 of the length of the iron trough (slightly larger than the radius
of the emptying hole), the rack may be moved right and left in
the iron trough; (3) emptying baffle plate: It is a hard wood plate
with one side connecting to the rack; (4) DC gear motor: Its
parameters include 6V DC voltage, 3W power, 150r/min rotating
speed, and 0.6 N [ M torque. As the motor is fixed on the base
and the output shaft is embedded in the rack, the motor drives
the rack to move left and right.

In this system, the diameter of the emptying hole is 3cm and
the diameter of the output shaft of DC gear motor is 3mm. In the
charging state, all the EOVs will be opened and the feedstuff
can be sent to the troughs through the emptying pipe. When the
charging operation stops, the control center will control the
rverseclockwise rotation of the DC gear motor and the gear will
drive the emptying baffle plate the move rightward. Under this
case, the emptying hole is closed; when there is a need to open
the EOVs for charging, the control center will control the
clockwise rotation of the DC gear motor and then the EOVs
open. See figure 6 for the opening width of the valves and the
adjustment process of the helical conveyor direction. In the
figure, M3 is the DC gear motor of the first gear switch for
controlling the charger and M4-M8 are the DC gear motors (or
trough motor) of the second gear switch for controlling the
emptying device. Relays 1-3 are used to control the rotating
direction of the conveying motor M2 to control the conveying
direction of the tubular helical conveyor.
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DESIGN OF CONTROL SYSTEM

Control system mainly refers to data collection and
control system and interface control system. Based on the
core of STC89C52 single chip, the parameter collection and
control system sends the parameters obtained from the
sensors mounted on the trough to the upper computer
through serial port after the controls by refining motor M1,
conveying motor M2, DC gear motor M3 and trough motors
M4-M8 are completed. The interface system is a good
presentation of man-machine interaction. It is responsible
for controlling the feeding time, displaying the status of the
trough and sending out epidemic warning signal.

Data collection and control

Data collection and control means the above-mentioned
control center. It takes STC89C52 single-chip and its
peripheral circuit as the core. See figure 7 for the control
principle. It can be seen from this figure that the data are
collected through each ultrasonic ranging module; the relay
and motor driver directly connected to I/O port are used to
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control motors to complete corresponding feeding; the
upper computer uses RS232 serial port to receive feedback
data and send feeding parameters through MAX232 level
switch and single chip. The initialized serial communication
parameters are 9600 baud rates, 8 data bits and 1 stop bit
without parity check bit.
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Feedstuff quantity checking and feeding control

Feedstuff quantity checking and feeding control play a
crucial role in improve the feeding accuracy and monitoring
the trough state. Their steps include: (1) Upon receipt of the
feeding signal, the control center will check the feedstuff
quantity in each trough to see which trough has the set
quantity; (2) The conveyor controlled by the control center
begins to convey feedstuffs to each emptying device; (3)
The control center opens the second gear switch of the
emptying device to the trough in which the feedstuff
quantity fails to reach the set value for releasing the
feedstuffs; (4) The control center circularly checks the
feedstuff quantity in each trough in proper order to see if
they are up to the set value and close the second gear
switch of the emptying device to the qualified troughs. If all
the troughs are qualified, M1-M8 will be closed.

Design of the upper computer’s feeding interface
Man-machine interaction interface is designed for the
upper computer through VB6.0. This interface has such
functions like feeding setup, residual monitoring and
warning and should be able to directly control and test the
feeding system. It accesses to Microsoft access 2003
database through ADO component, helping user to
effectively manage and save the data in real time [11].
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Setting of feeding parameters

To facilitate user operation and meet the feeding
requirements given by the chicken farms, the feeding setting
system consists of two sub-systems, “quick setting” and
“advanced setting”. The “quick setting” sub-system is used to
set parameter on the basis of the expert system in the
database. It will operate feeding according to the experience of
feeding parameters given by the expert system as long as the
basic parameters (such as chicken age and type) are set by
the user, further facilitating user operation and making the
promotion of the intelligent feeding system easier. “Advanced
setting” sub-system is used to set parameters according to the
needs of the chicken farms. User can set the feeding time,
feeding frequency and feeding quantity separately through this
subsystem to meet their needs.

Real-time feeding monitoring and disease warning

To avoid disease and decide the feedstuff quantity, the
system will check the residual feedstuffs in each trough to
decide whether additional feedstuffs are needed and the
added quantity and take the result as a measuring indicator
of disease warning (in case of any epidemic disease, the
residual will exceed the threshold value more than one
time) ®*% When the system is powered on, it will monitor
the feedstuffs in the troughs in real time, helping the user to
get to know the feedstuff condition in the trough in real
time. If the residual in certain trough is three times higher
than the threshold value, hidden epidemic threat of the
chickens using this trough or mechanical fault may exist.
Under this situation, the system will send a warning single
through characters and buzzer and locate the suspected
trough. At the same time, user can check the historical data
of this abnormality and feeding quantity for statistical
analysis and quantity adjustment.

TESTING
Test conditions and methods

The test time is May and June and the test location is
the chicken farm in Yucheng district, Ya'an city, Sichuan
province. Table 2 shows the parameters of the mechanical
structure and performance upon the actual test of R&D
system. To demonstrate the objectivity of the test results, 3
types of feedstuffs and 15 three-month old chickens are
used for testing. At the same time, to fully ensure the
stability of man-machine interface and hardware system, an
all-round software performance test for man-machine
interface is conducted.
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Table 2/ &2
Performance parameters of whole machine /| Z##ES¥
Net weidht of Mechanical Rated Storage Diameter of
et weight o echanical batter emptvin
mechanical structure Rated voltage Rated current capaci%/y ppipye 9 Parameter of
structure size e | WEE | GRS | gaus | WEWEE | oppiren
InmEHIRR | InmenRy | BEDE | o | TRETPR
= &
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tﬁéaén;;?;iz; Single Number Storage ultrasonic
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pipe pipe capacity | trough parameter capacity /.ﬁﬁ_t;}? ultrasonic sensors
IZWERE | | 2EEmen IE1 R | | RAK | BB | B | BB
B = ] & Bl BN
=
1.98m 6cm 1kg 5 39cmx8cmx10cm 30L 2 10
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Result analysis

Tables 3 and 4 show the results of feeding accuracy
test and feeding efficiency test. Feeding accuracy means
the ratio of actual feedstuff quantity and desired feedstuff
quantity. Feeding efficiency means the feedstuff quantity
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RERGBEENRE , RERRNHRMORK 3~4 FIR,
HABHEEE LA IRRRNANESHENANEZ L,
RERREA NS PHRERBHOERE | B4 kgh,

released by the system each hour (Unit: kg/h).

Table3/ %3
Feeding accuracy test / (722 EN T
ot | o aaonal | Feean secacy o
| TR GRS | X RERRIEE
1000g 0.70~0.75 0.90~0.99
5009 0.80~0.85 0.92~0.99
3009 0.80~0.85 0.92~0.99
200g 0.80~0.85 0.92~0.99
100g 0.70~0.75 0.92~0.99

Feeding accuracy test in table 3 demonstrates that the
quantitative feeding accuracy of this feeding system is
relatively high and better than that of the traditional
mechanical feeding system.

® 3 WARRAABENARRSE , ZRERGEEER
ERELEBERS , LTESNEAIIRGRE,

Table4/ #4

Feeding efficiency test | 2 XENX

Type of feedstuff | Traditional machine This system
| tTHFpE | S HIHE R | ERERR

1# 100 kg/h 185 kg/h

2# 100 kg/h 160 kg/h

3t 100 kg/h 140 kg/h

Note: The feedstuffs are granular. See above for feedstuff type.

In table 4, the granular sizes of 1#, 2# and 3# are
presented from small to big. The test result demonstrates
that the feeding efficiencies for different types of feedstuffs
are basically the same when traditional system is used,
while the feeding efficiencies vary with granular sizes when
this system is used. The smaller the size is, the higher the
feeding efficiency is. As the feeding efficiency of this system
is higher than that of the traditional system, the operation
effectiveness is improved.

CONCLUSIONS

The intelligent feeding system in this article integrates
the basic functions of charging, conveying, feeding at
regular time and quantity and residual checking and the
extended functions of epidemic warning and feedstuff
warning. It can offset the shortages of the existing feeding
device such as single function and dispersed structure to
meet the feeding requirements on an intelligent basis.

(1) The mass of the model machine is 44.2kg, which
can feed 15 chickens and takes about 15s in feeding,
greatly increasing the feeding speed.

(2) This system is a full automatic working system with the
feeding accuracy of 90-99%, higher than that of the traditional
machine (which is only 70-85%); the feeding efficiency is 1.4-
1.9 times higher than that of traditional machine.

(3) The system is equipped with favorable man-machine
interface, which facilitates user operation and can provide
such functions like epidemic warning, abnormality
positioning, user warning and timely check the abnormal
position to see if the epidemic disease exists.
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As the system has better feeding accuracy and working
efficiency compared with those of manual feeding, it offsets
the shortages of the traditional machine such as poor
automation, low efficiency and inaccurate feeding. Besides,
it is featured by lower cost and is able to feed chickens in
an efficient and scientific manner, better preventing
epidemic disease.
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Abstract: To achieve high efficiency in exploiting the
existing agricultural harvesting machines and gathering
fibrous fodder the specialists should be always
preoccupied to improve these machines performance.
This is possible through careful consideration of each
working process, performed by the machine, which at its
turn should lead to ideal values. In this paper we have
proposed improvements of cutter grinding operation,
comprising the self loading trailers.

Keywords: cutter profile

INTRODUCTION

Shredding, chopping fibrous fodder is considered a
complex technological process, not to mention a very
expensive operation. Choosing a random profile knife can
increase these costs. To reduce energy losses caused by
the improper shredding blade used, we considered
important to study and research the cutting phenomenon
[1,2,3,4,5,6]

We analyzed the movement of a material point along
the cutter edge which is located in the intake channel for
fibrous fodder shredding, under certain conditions.. So,
we want to achieve a universal blade profile usable to the
self-loading fodder trailers.

MATHERIAL AND METHOD

Starting from the cutting process carried out along the
intake channel of a self-loading fodder trailer we can
graphically represent this in the next image (fig. 1):

Rezumat: Pentru a obfine un randament ridicat in exploatarea
maginilor agricole existente Tn domeniul recoltatului si adunatului
furajelor fibroase, trebuie in permanenta s& existe preocupari
din partea specialistilor de a le imbunétéfii performantele ale
acestora. Acest lucru este posibil printr-o analizd atenta al
fiecdrui proces de lucru, n parte, executat de masing, care la
randul lui trebuie s& tind4 cétre valori ideale. Tn aceastd lucrare
am propus mbunétéfiri la funcfionarea cufitului de marunfire,
care intrd in componenfa remorcilor autoincarcatoare de furaje.

Cuvinte cheie: profilul cufitului

INTRODUCERE

Maruntirea, tocarea furajelor fibroase se considera un
proces tehnologic complex i nu in ultimul rand o operatiune
extrem de costisitoare. Alegerea unui profil de cutit la intamplare
poate sporii aceste costuri. Pentru a reduce pierderile
energetice cauzate de utilizarea cutitelor necorespunzatoare
la maruntirea furajelor fibroase, am considerat important
studiul si cercetarea fenomenului de taiere [1, 2, 3, 4, 5, 6].

Se urmareste analiza deplasarii unui punct material
pe taisul cutitului agezat Tn canalul de maruntire a furajelor
fibroase Tn anumite conditii. Astfel, dorim sa obtinem
profilul  cutitului  universal utilizabil la remorcile
autoincarcatoare furaje.

MATERIAL $I METODAE

Pornind de la procesul de tdiere ce se petrece ntr-un canal
de alimentare al unei remorci autoincarcatoare furaje, se poate
afirma ca acest lucru se reprezenta in mod schematic conform fig.1.

Fig. 1 - The cutting process carried out along the intake channel of a self-loading trailer /
Reprezentarea schematica a procesului de taiere din canalul de alimentare al unei remorci autoincdrcatoare furaje

The chopping drum 1 has been featured with
parallel counter blades 2 U shaped, set so that the
main cutter 3 placed in intake compartment 4 can
pass between them.
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Toba de tocare, notatda cu 1 este echipatda cu
contracutite 2, care sunt de forma literei,,u” paralele,
asezate astfel incat printre ele sa poata sa treaca cutitul
propriu-zis 3, care este asezat in canalul de alimentare 4.
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The blades are regularly jointed depending on the
targeted tehnological demands, and can be inserted or
removed from the intake channel, their number being able
to oscillate depending on:
the forage type;
the forage’s humidity at cutting time;
the agricultural and livestock standards;
preservation method used before giving it for
consume

This jointing system 5 also protects the cutters from
destruction or damage in the event of coming against
rough materials in the intake channel.

The rotation of the chopping drum should be marked
by w, and the radiuses are according to R marking the
radius of the chopping drum featured with counter blades
r represents the radius of the drum. During the rotation of
the cutting barrel the counter blades grab the forage
material and pass it over the cutter set in the intake
channel. The cutting process is optimum if we have a
latitudinal and longitudinal movement which describes
the slide cutting.

RESULTS

After choosing the cutting method we need to
estabilish the cutter’s profile that will permit the execution
of the chosen work conditions.

By analyzing the movement of a material unit on the
cutter’s blade, forced by the counter blade, with the center
in the turning center of the cutting drum, in a XOY
coordinates system, we find that:
slide cutting is performed at each angular displacement
de if there is a radial displacement do

INMATEH — Agricubtural Engineetin

Cutitele de reguld sunt articulate, Tn functie de
cerintele tehnologice urmarite se pot introduce sau scoate
din canal de alimentare, numarul lor variaza in strénsa
legatura cu:

= felul furajului;
umiditatea acestuia In momentul maruntirii;
cerintele agro-zootehnice impuse;
modalitatea de conservare al acestuia inhainte de
a da in consum.

Acest sistem de articulare 5, permite totodata salvarea de la
distrugere sau avarierea cutitelor caz de patrundere n canalul de
alimentare a unor piese metalice si a pietrelor sau alte materiale dure.

Rotatia tobei de tocare se noteaza cu w, iar razele
sunt dupa cum urmeaza R raza tobei de tocare echipat cu
contracutit, r reprezintad raza tobei propriu-zisa. In cazul
rotirii tobei, contracutitul apuca materialul furajer si tinde
sa treaca peste cutitul agezat in canalul de alimentare.
Procesul de taiere se desfagoara in conditii bune daca se
realizeaza deplasarea cutitului atat pe directia radiala, cat
si pe directia transversald, ceea ce reprezinta de fapt
taierea cu alunecare.

REZULTATE

Dupa stabilirea tipului de taiere, trebuie sa stabilim si
profilul cutitelor care ne va permite executarea regimului
de lucru ales.

Analizdnd miscarea unui punct material, care se
deplaseaza pe taisul cutitului, fortat de contracutit, intr-un
sistem de coordonate XOY, cu centrul ales In centrul de
rotatie a tobei de tocare:
se realizeaza taierea cu alunecare daca la fiecare
deplasare unghiulara d@ are loc o deplasare radiala dd

aé
—— =k, (1)
do
= Kk is a constant value showing the ratio between forces = k este o valoare constanta, reprezenta factorul de
that operate vertically and horizontally in slide cutting taiere cu alunecare
do
df =k—, 2
0
by multiplying the above equality we get: nmultind egalitatea de mai sus cu dt, se obtin:
dé do
—dt=k—, 3)
dt 1)
do
it =k— 4
0
where: unde:

Cu is the angle rotation speed of the drum;

O is the measured length from O (the center of the
coordinates axes that is the same with the center of
the rotation of drum) to the material unit that moved
on the cutter’s blade;

Bthe angle formed by the material unit in the XOY
coordinate system during the movement along the
cutter’'s blade from the beginning to the end of the
cut.

By fitting this ratio in, we get:

a).:[dt = kj:(?,
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Cu este viteza unghiulara a tobei;

O este lungimea masurata din punctul O (centrul
axelor de coordonate ce coincide cu centrul de
rotatie a tobei) pana la punctul material care s-a
deplasat pe taisul cutitului;

6 unghiul realizat in sistemul de coordonate XOY
de punctul material in timpul deplasarii pe taisul
cutitului socotit de la inceperea taierii, pana la
terminarea taierii.

Integrand aceasta relatie, se obtine:

®)

(6)
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where: unde:
i= £|né, it results the movement of the material i = Emé, de unde rezultd ecuatia de migcare a
w « R
unit on the cutter's blade ratio, which is the curve punctului material pe taisul cutitului, adica curba
that determines the cutter’s profile: care determina profilul cutitului:
9
0 =Rek (7
where : unde:
o
w=—1=0=kIn= ®)
[ R
If were : 8 =a = O =r , where r is the drum’s in cazul cand 8 = a = & = r, unde r este raza

radius (fig. 1) the above ratio becomes:

tobei (fig. 1), ecuatia de mai sus devine de forma urmatoare:

r = Re" ©)
r a
— =gk (10)
R
—~ k= Lr (11)
In—
R

where: @ represents the maximum angle where J =r.
By replacing the ratio of the trajectory of the material
unit movement on the cutter’s blade we get:

:J:F{—
R

By obtaining the above ratio we can replace in order to
check it some known values of good results obtained with
existing farming machines.

The values of fangle oscillate between 0 to 90°, and
usually are not higher than 70°.

R represents the length of one of the counter blades;
to which we add the r radius of the drum. R’s value
oscillates between broad limits, usually the necessary
power for rotating the drum is considered, and also the
forage type is considered, its humidity, so R = 250 — 450
mm, the lift — cutting barrel’s values are situated between r
= 150 — 350 mm.

K value that considers the cutting method used in
the process oscillates between different values k = 1.8
— 2.25. This is normal as it is a force proportion
between the forces that act vertically on the forage and
the force that acts horizontally for moving the cutter,
performing a slide cut. This requires a reduce use of
forces performing a continuous cut without shock or
vibrations.

This permits to manufacture equipment with
enhanced working capacity without altering the quality
required by the agricultural and livestock standards.

We can see that the extreme values of ¢ oscillate

between maximum, when &= 0,5 = R; and reach the
minimum value when g = g .6 =r .
By representing these values on a graphic fig.2,
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unde: @ reprezinta unghiul maxim la care § =r.
Inlocuind in ecuatia ce descrie traiectoria de migcare
a punctului material pe taigul cutitului, se obtine:

Reg[InLRJ , (12)
8
{ef
8
LR] (14)

Obtindnd relatia de mai sus, putem sa Tnlocuim
pentru verificarea ei unele valori cunoscute de la utilajele
existente care au dat rezultate bune Tn exploatare.

Valorile unghiului & oscileaza ntre 0 si 90°, iar in

majoritatea cazurilor nu depaseste 70°.

R reprezinta lungimea degetului contracutitului la
care se adauga raza r a tobei. Valoarea lui R oscileaza
intre limite largi, de reguld se tine seama de puterea
necesara pentru angrenarea tobei, de felul furajului care
urmeaza a fi tocat, de umiditatea acestuia, etc., astfel R =
250 — 450 mm, valorile tobei de ridicare-tocare de regula
se regasesc intre r = 150 — 350 mm.

Valoarea coeficientului k care tine seama de tipul taierii
utilizat in cadrul procesului de lucru oscileaza intre diferite
valori. Acest lucru este firesc, tinnd cont ca este vorba de
un raport de forte dintre cele care actioneaza pe verticala
asupra furajului si cele care actioneaza pe plan orizontal
in vederea deplasarii cutitului, realizdnd o taiere cu
alunecare, care presupune un consum redus de forte, realizarea
taieturii facandu-se continuu, fara socuri si vibratii.

Acest lucru ne permite construirea unor utilaje cu
capacitate de lucru sporite, pastrand nealterat calitatea
impusa de cerintele agro-zootehnice.

Se poate observa ca valorile extreme a lui

J oscileaza ntre maxima, cand @ = 0, 0 = R; minima
atinge la valoarea @ =&, o =r.
Reprezentand grafic aceste valori, figura 2., tindnd
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considering their oscillation scales, we can obtain and
build the cutter’s pofile.

For each precise value of R and r, by calculating k's
values we will draw a number of curves of angle

oscillation @ from 0 — 90°.

INMATEH — Agricubtural Engineetin

seama de plajele de variatie ale acestora, se reuseste
obtinerea si construirea profilului cutitului.

Pentru fiecare valoare exacta a lui R si r, socotind
valorile lui k se va trasa o familie de curbe pentru variatii
unghiulare &de la 0 -90°.

i}
==

10 A 0

]

4
unghi gr.]

fill

Fig. 2 — Graphical representation of the values of 8(8) for each precise value of k's; when R = 350 mm and r = 200 mm /
Reprezentarea grafica a valorilor 6 (6) pentru fiecare valoare exactd a k; atunci cand R = 350 mm si r = 200 mm

CONCLUSIONS

By studying the research made on the cutter's
profile obtained by slide cutting we found the
following:
= due to low consumption of specific cutting force per
unit area in machine operation is performed minimum fuel
consumption compared to similar machines not using this
type of knife;
= shocks significantly decreased during the cutting in the
supply channel of the machine, because cutting is
performed on the entire length of the blade by continously
moving the fodder on the knife edge, while there is also a
pressing force perpendicular to the knife edge (slide
cutting );
= a fodder minced at lengths according to requirements
and standards of modern livestock agriculture is obtained.
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CONCLUZII

Cercetarile in scopul realizarii unui profil de cutit
universal utilizabil, au fost finalizate cu obtinerea unui profil
care are urmatoarele avantaje in exploatare:
datoritd consumului mic de forta de taiere specifica pe
unitate de suprafata, in functionarea utilajului se realizeaza
un consum minim de combustibil, fatd de utilaje
asemanatoare care nu utilizeaza acest tip de cutit;
= s-a redus considerabil socurile produse 1in timpul
executarii tadierilor in canalul de alimentare al utilajului,
deoarece taierea se realizeaza pe intreaga lungime a
cutitului, prin deplasarea continua a materialului furajer pe
taisul cutitului, totodatd existdnd si o fortd de presare
perpendiculara pe taisul cutitului (taiere cu alunecare);
= se obtine un furaj maruntit la lungimi corespunzatoare
cerintelor gi standardelor agro-zootehnice moderne.
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EXPERIMENTAL RESEARCH OF WORKING PROCESS OF PNEUMAT IC INTAKE DEVICE
FOR SAPROPEL EXTRACTION

/

EKCIIEPUMEHTAJIbHI OCIIIOXXEHHA POBOYOrI O rPOLYECY NMHEBMATUYHOIO
3ABIPHOIO NMPUCTPORO AJ151 JOBYBAHHS CATPOIIETO

Tsiz' I., Homich S.
Lutsk National Technical University / Ukraine
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Abstract: An alternative source of maintaining soil fertility
are sediments of freshwater lakes — sapropels. The
pneumatic intake device allows to mine sapropel of
natural humidity. To investigate the influence of process
parameters on the performance and visual observation
mode motion of the air flow of sapropel made
experimental setup was made.

Methodology of research in this setting is using
mathematical method of experiment planning. This
method developed for obtaining the mathematical model
of the process in the form of the regression equation. It is
also found that air flow of sapropel moves with shell
structure.

Keywords: sapropel, air, intake device, experimental
setup, mode, mathematical model, regression
equation

INTRODUCTION

To reduce resource of traditional organic fertilizers
considerably increased the value of alternative species.
For conditions in Polessie zone of Ukraine, should be
considered as bottom sediments of freshwater basin-
sapropels. But their wide use hampered by lack of
environmentally safe and energy saving means for
extracting.

During the development and design tools for the
extraction of sapropel, should pay attention to the choice
of rational design parameters of working bodies as well
as take into account technological parameters of the
material with which they interact. Proper selection of
these parameters provides optimal modes of operation
and increases the technical and economic indicators.

Use of pneumatic intake devices for the extraction
of sapropel [1], [2] is a perspective development which
is under investigation. In comparison with other known
means for obtaining sapropel this development has
several advantages, namely: the lack of need for
draining the reservoir, the process can be easily
automated, minor energy cost per unit of the material,
reducing material consumption, the possibility of
obtaining sapropel natural moisture continuity process,
low maintenance. So, this development of intake device
is commendable, but since it was the first proposed it
requires laboratory and experimental researches related
to the workflow.

In order to elucidate the influence of design and
process parameters on the performance of pneumatic
intake a device for extracting of sapropel [1] appropriate
to apply the mathematical method of experiment planning
was performed. This method allows to obtain the
dependence of productivity of intake device of the factors
in the form of the regression equation. Should be visually
assess the structure of sapropel-type air flow that
matches the values obtained productivity.
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Pe3rome: AnbmepHamueHUM OXepesioM nidmpuMaHHs
podrodocmi rpyHmie € AoHHI 8idknadu npicHOBOOHUX 03ep
— canponeni. [Jobysamu carnporiernb MpupoOHOi 8orioeocmi
00380r1€ NMHeaMamu4HUU 3abipHutl rpucmpitl. s docrnidxeHHs
8rusy MmexHOsoaiHHUX napamempie Ha MpodyKmueHicMb
ma 8i3yanlbHO20 CrIOCMEPEXEHHS 3a PEeXUMOM PyXy
I08IMPSIHO-CaNPOrerie80e0 NOIMOKY 8USOMOESIeHa EKUITIEPUVMEHMATbHA
ycmaHoska. PospobrieHa memoduka OocriokeHb Ha OaHill
YCmMaHo8Ui i3 8UKOPUCMAHHAM MameMamuyHo20 Memody
nnaHysaHHs ekcniepumeHmy. Lia memoduka 3abesneyquna
ompumaHHsi Mamemamuy4Hoi modeni npouyecy y euansidi
pieHsIHHSA peepecii. Takox ecmaHoseHo, Wo carnporere-
riosimpsiHUtl MoMIK pyxaemacs i3 CHapsiOHO CMPYKMYyPOIo.

Knroyoei cnoea: canporenb, nosimps,
pucmpiti, eKcriepuMeHmarsnbHa ycmaHosKa,
MamemamuyHa MoOerb, PiBHSHHS peapecii

3abipHutl
pexum,

NEPEOYMOBA

3a CcKOpOYeHHsI pecypcy TpaauUINHUX OpraHiyHux
[o6puB 3HAYHO 3POCTAE 3HAYEHHS anbTEePHATMBHMX iX
BuaiB. [Ana ymoB lNMonicbkoi 30HM YKpaiHW y Takin AKOCTi
cnig po3rnagaTtu AOHHI Bigknagu npicHOBOAHUX BOAOWM -
canponeni. Ane LWWpoKe iX BUKOPUCTAHHS CTPUMYETLCH
BiCYTHICTIO ekonoriyHo 6e3neyHux Ta eHeproowagHux
3aco6iB s fobyBaHHS.

Mig 4ac po3pobku i npoekTyBaHHSA 3acobiB Ans
[obyBaHHs canponento, cnig 3BepHyTW yBary Ha BuGIp
pauioHanbHNX KOHCTPYKTUBHUX MapameTpiB ix poboumx
OpraHiB, a TakoX BpaxoByBaTW TEXHOSOriYHI NapameTpu
maTtepiany 3 sikMM BOHM B3aeMOAitoTb. MpaBunbHUiA ninbip
OaHux napameTpiB 3abe3nevye oONTUMAsbHi  pPexumu
poboTK Ta NiABULLYE TEXHIKO-€KOHOMIYHI MOKA3HMKM.

BuvikopycTaHHA NMHEBMaTUYHKUX 3abipHUX NPUCTPOIB Ans
[obyBaHHA canponento [1], [2] € nepcnekTMBHOK po3po6GKoLo,
sika nepedyBae Ha cTaii JOCMMKEHHS. Y MOPIBHAHHI 3 iHLUMMM
BioMMMYM 3acobamu A1 AoOyBaHHS canporento AaHa po3pobka
Mae psig nepesar, a Came: BiOCyTHICTb MoTpedit B OCyLLIEHH BOSOVMWL,
NpoLIeC Nerko MNigaaeTbc aBToMamm3alyi; HesHauHi eHepreTUyH
3aTpaTV Ha QVHALIO JOOYTOM MaTepiarty; 3vieHLLIEHHS MaTepiarloeVHOCT;
MOXIUBICTb A00yBaHHSA canponesnto MPUPOAHOI BOSIOMOCTi;
HenepepBHICTb MPOLIECY; HWU3bKI eKcnnyaTauinHi BuTpaTy.
Takum YmMHOM JaHa po3pobka 3abipHOro MPUCTPOID 3aciTyroBye
MO3UTVBHOI OLIIHKW, @ OCKIiNlbkv BOHa 3anpornoHOBaHa BrepLue
TO noTpebye nabopaTopHO-eKCNEPUMEHTANBHUX AOCTIMKEHb
MOB'sI3aHNX 3 POGOYUM MPOLLECOM.

3 MEeTOH0 BCTaHORMEHHS 3aKOHOMIPHOCTI BINUBY KOHCTPYKTUBHUX
Ta TEXHOMOMYHUX NapaMeTPIB Ha NPOLYKTVBHICTL MHEBMATUYHOMO
3abipHoro NpucTpoto Ansa [obyBaHHs canponento [1] gouinbHo
3aCTOCYBaTM MareMatudHAA MEeTo, MriaHyBaHHS EKCTIEPUMEHTY.
[aHunii meTon [03BONSE OTPMMATU 3aneXHICTb NPOOYKTUBHOCTI
3abipHOro MPUCTPOIO Bif [OCHiAKYBaHUX (aKTopiB Yy
BUMMsAAI PiBHSAHHA perpecii. Takox HeobXigHO Bi3yanbHO
OLiHUTK BUA CTPYKTYpW canponene-noBiTpsiHoro noToky,
sika BiANoBiAae OTPMMaHOMYy 3HA4YEHHIO NMPOAYKTUBHOCTI.
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MATERIALS AND METHOD

Since sapropel extraction occurs from underwater
deposits, and the process takes place in an environment
of deposits, so for a clearer understanding of the
operation and structure of the flow in the laboratory
condition was designed stationary experimental setup
(Fig. 1).

a
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MATEPIANN TA METOOUKA

Ockinbkn gobyBaHHs canponento BiabyBaeTbcs
3 nigBOAHUX POAOBWLL, a cam npouec npoxoauTb B
cepenoBuLLi NoknagiB, ToMy Ans GinbLU YiTKOro ysBreHHs
npo pexum poboTu Ta CTPYKTYpYy MOTOKY B nabopaTtopHMx
ymoBax Oyra CKOHCTpyVioBaHa CTaljoHapHa eKcriepUMeHTarnbHa
ycTtaHoBka (cpir. 1).

Fig. 1 - Experimental setup: a - picture; b - scheme / EkcnepumeHmarnbHa ycmaHoska: a — ¢pomo; b — cxema
1 — body / kopnyc; 2 — cone breakdown / koHyc y po3pisi; 3 — manifold supply compressed air / mazicmparne nodadi
cmucHymoeo riogimpsi; 4 — pipeline breakdown / mpy6onposid y po3pisi; 5 — measuring vessel / mipHa nocyduHa;
6 — penstock with injectors / HanipHul mpy6onposid 3 ghopcyHKkam

This setting provides body 1 as a reservoir the front
wall of which is made of transparent plastic, and is
designed for visual observation of the processes
occurring in the environment of sapropel. Also,
transparent to the front wall of the shell is tightly
fastened (according to [1]) upright and longitudinal
section (fig. 1). Intake device consists of a cone 2, at
the bottom of which is fixed penstock 6 with jets. Cone
attached to two vertical pipes 4. Supply of compressed
air from the compressor to the injectors pressure pipe 6
is realized through magistral3. Income of sapropel from
vertical pipe 4 to measuring vessel provided a flexible
pipe.

Analysis of the literature and previous studies have
found that the determining influence on performance of
the device with sapropel layer height influenced by
injection air pressure in operating process and the length
of the transporting pipe.

So, three factorial experiment with changing factors
at levels that are shown in the table 1 were performed.
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[aHna yctaHoBKa MiCTUTb kopnyc 1 y BUMMSAAI €EMKOCTI,
nepeaHsi CTiHKa sIKOT BUrOTOBSIEHA 3 MPO30POro NinacTuky,
i Mpu3HayeHa Ans BidyanbHOMO CrIOCTEPEXEHHS 3a MpoLiecaMy,
LLO BiObyBalOTLCA B CEpeOoBYILL camponento. TakoX A0 NepenHLOoi
NpO30pOi CTIHKMA KOPMYCY rEPMETUMHO KPIMUTLCA MHEBMAaTUHHUNA
3a0ipHA NMpMCTPIn (BionosiaHo 40 [1]) y BepvkaribHOMY NONOKeHH Ta
NMo3a0BXHLOMY Po3pisi (qpir. 1). 3abipHui NpUCTpild y CBOKO Yepry
CKINaJAaETbCs i3 KOHYCa 2, y HUXKHIM YaCTUHI SIKOro 3akpinnieHuni
HanipHAn Tpybonpoein 6 i3 chopcyHkammn. [1o koHyca 2 MmprieaHaHWin
BEpTVKarbHU Tpybonposig 4. Mogaya CTUCHYTOro MoBITPS Big
KoMMpecopa Ao GhopCyHOK HarpHOro TpyGonposoaly 6 3ACHIOETECH
yepes marictparib 3. HaoxomkeHHs canponento i3 BepTUKarbHoro
TpyGorpoeoay 4 40 MIPHOI NMOCYayH/ 320e3MeHyETHCS THYHKOH TRYOOH0.

AHania nirepaTypHVX Srepen Ta nonepenHi SOCTimKeHb A0380N v
BCTAHOB/TU, LLO BU3HAYarTbHUA BIUVB HA MPOOYKTVBHICTL POOOTU
po3rnsiayBaHoro  3abipHOro MPUCTPOKD MakoTb BUCOTa  LLapy
canporento | 3 nin sKor BeneTHCs A00YBaHHS, POBOHMA TUCK HArHITaHHS
noBiTpst P, Ta AOBXMHA TpaHCropTytovoro Tpybonposoay h .

Taknm 4YnHOM npoBoaunu 3—PakTPHUN eKCcnepumMeHT
i3 3MiHOIO ¢hakTOpiB Ha piBHAX, AKi HaBeadeHi y Tabnuui 1.
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Table / Tabnuua 1

Factors and their levels of variation / ®akmopu ma pieHi ix eapitogaHHs1

Factors / ®akTopu
Levels of variation / Working air pressure / Po6o4uti Thickness of sapropel / Length of pipeline / JoexuHa
PigHi sapitosaHHsI muck nosimpsi P, kPa ToswuHa wapy canponesnto |, m mpy6orposody h, m
X Xz X3
Upper/ BepxHid (+1) 300 1.3 2.0
Basic / OcHosHuti (0) 200 1.0 15
Lower / HuxHid (-1) 100 0,7 1.0
Interval variation /
IHmepear sapitogaHHs, £ 100 03 05

To reduce the number of experiments and obtaining
the influence of the factors in a regression equation was
applied mathematical method for planning the experiment
and carried out an experiment by symmetric
uncomposition plan of Boksa-Benkina of the second
order [6].

Planning and conducting experiments included the
following steps:

- encoding factors;

- scheduling matrix experiment;

- randomization tests;

- implementation plan of the experiment;

- test reproducibility of the experiments;

- calculation of regression coefficients;

- assessment of the significance of regression coefficients;
- adequacy test model.

Method of the experiment was as follows. Capacity
installation completed sapropel humidity 92-94% at the
height of its layer according to the plan of the experiment.
The working pressure air supply plan defined
experimental set adjusting valve compressor and
controlled by the pressure gauge. To change the length
of the transport pipeline have been used QUICK
segments of pipe length of 0.3 m.

Then, turning on the air supply brought into force
intake device. Due to the expense of energy air flow
coming out of the nozzles, we can observe the loosening
sapropel and its receipt by the vertical pipe. Further
transportation sapropel is due to lift force upward air flow
and strength of Archimedes. Detailed description of the
principle of pneumatic intake device is shown in [3].

Through the transparent wall of the installation was
conducted visual observation of the movement of
material. Based on these observations estimated two-
component structure of ascending currents flow.

The experiment consisted of 27 experiments by
threefold repetition in each of them. Productivity was
determined by weighing on laboratory scales sapropel
that came in a pipeline measuring vessel within one
minute.

RESULTS

Data processing threefold experiment was carried out
on a PC designed program among Mathcad 14.
Some homogeneity of variances were tested by the

criterion Kohrena. Since, G =0,313< <G™(0.05;15;2)

<G (0.05;15;2) =0.335 [6] the process plays.

During the determining confidence intervals for
regression coefficients used criterion of Student, tabular
value is a 5 -% level of significance and the number of
degrees of freedom of variance reproducibility
experiment f1=2 is = 4.3 [6].

[na ckopoyeHHs KiNbKOCTi OOCnidiB Ta OTPUMaHHS
3aKOHOMIPHOCTI  BNNUBY AOCRIAXYBaHUX akTopiB Y
BUMMSAi  piBHSAHHA  perpecii  Gyno  3acTtocoBaHO
mMaTteMaTV4HU MeTOA MNNaHyBaHHS EKCNepuMeHTy Ta
30iICHEHO EKCMEPUMEHT 3a CUMETPUYHUM HEKOMMO3ULLINHUM
nnaHom Bokca—BeHkiHa gpyroro nopsaky [6].

MnaHyBaHHA | NPOBEOEHHSA eKCMepUMEHTY BK4Yarno
HaCTyNHi eTanu:

- KOAyBaHHsi (haKTopiB;

- CKnajaHHs nnaHy—MaTpuLi eKCNepuMEHTY;
- paHgoMmisauis gocnifis;

- peanisauisi nnaHy eKCnepuMeHTy;

- nepesipka BiATBOPIOBAHOCTI Aocnifis;

- pO3paxyHOK 3Ha4yeHb KoedilieHTiB perpecii;
- OuiHKa 3HauvyLLOCTi KoeilieHTIB perpecii;

- nepesipka agekBaTHOCTI Mogeni.

MeToayika NpoBELEHHS EXCTIEPYMEHTY MOMNsArara B HaCTyNHOMY.
EMKCTb YCTaHOBKM 3arOBHIOBAITM canporienem Bororicto 92-94% 3a
BUCOTU OO LIapy BiAMnoBigHO A0 NMaHy eKCnepuMEHTY.
BermumHy poGoqoro TUcKy nopadi MOBITPsi BUSHAYEHY MiaHoM
€KCMEPVIMEHTY BCTaHOBIOBaNM pErynioBasibHiM BEHTUMNEM
KOMMNpecopa Ta KOHTPOSoBanu 3a MaHoMeTpoM. [Ansd 3miHv
JOBXVIHA TPaHCMOPTYIOHOro  TPyGONpoBOAdy BUKOPUCTOBYBANM
LWUBUAKO3HIMHI Bigpi3ku Tpy6 AoBxuHow 0,3 M.

[ani, BM1Kato4m nogadyy noeitpsi, NpUBOaUNKA B Ajto 3abipHUIA
npucTpin. 3a paxyHoK Al eHeprii NOBITPSIHOM MOTOKY, LLO BUXOOUB i3
hopCyHOK, BIOOYBAETHECA POSTTYLLIEHHS CANPONESTHO Ta 0T HAIXOmMKeHHS
[0 BepTukarsHoro Tpyborposoay. Moaanblue TpaHCropTyBaHHS
canporento BiObyBaeTLCs1 3a PaxyHOK MigiviaribHol G BUCXIOHOMO
MOBITPSIHOMO MOTOKY Ta curv ApxiMeaa. [leTarnibHui oruc NpyuHUmny
4il NHeBMaTUYHOrO 3abipHOro NPUCTPO HaBeaeHWN B [3].

Yepes npo3opy CTiHKY [AaHOi YCTaHOBKM BEnuCb
BidyanbHi CMOCTEpeXeHHs 3a pyxoM MaTepiany. Ha
OCHOBi LMX CMOCTEpPEXeHb OLjiHoBanack CTPyKTypa
BUCXiAHOT Teuii ABOKOMMNOHEHTHOrO NOTOKY.

EkcnepumeHT cknagascs i3 27-u gocniais 3a TpykpaTHol
MOBTOPIOBAHOCTI Y KOXKHOMY 3 HUX. MPOAYKTBHICTE BU3HaYanm
3BaXyBaHHAM Ha nabopaTopHMX Barax carponeno, Lo
HafinwoB i3 TpybonpoBoay B MipHY NOCYAMHY Ha NPOTA3i
OJHI€ET XBUMNUHN.

PE3YINIbTATU
OB6pobka [aHNX TPUGIAKTOPHOID EXCTIEPUMIEHTY 3Aj/iCHIOBaANaCH
Ha MEOM po3pobneHoto nporpamoto y cepeposuLLi Mathcad 14.
Mpy LpOMYy OgHOPIQHICTE psdy AMchepcin nepesipsnm
3a kpuTepiem Koxpera. Ockinbkn, G¥% =0,313<
G°%#(0.05;15;2) = 0.335 [6] TO NPOLIEC BIATBOPIOETHCS.

Mig yac BU3HAYEHHSA JoBipunx iHTepBanis
KoediluieHTiB  perpecii  BMKOPUCTOBYBanuM  KpuTepin
Cr'iogeHTa, TabnuyHe 3HaveHHs Skoro 3a 5-% piBHA
3HAYyWOCTi Ta uYUCMi CTyneHiB BIiNbHOCTI Aucnepcii
BigTBOptOBaHOCTI gocnigy f1=2 ctaHoBuno t=4.3 [6].
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Test the significance of regression coefficients was
performed according to their confidence intervals and
covariance.

As a result, the regression equation acquired form:

INMATEH — Agricubtusal Engineering

MepeBipKy 3HaYyLLOCTi koedilieHTIB perpecii npoBoaunn
32 BCTaHOBIEHWMW iX [OBIipYMMMK iHTEpBanamum Ta
KoBapiauisamu.

Y pesynbTarti piBHSHHS perpecii Habyno surnagy:

y =8,822 +3,058x, +5,387x, —2,104x, —0,415%7 +0,993xZ —0,39x2 +0,993x,X, ,

where: X, - encoded value of air pressure;
X, - encoded value thickness of sapropel;
X5 - encoded value length of the pipeline.

Adequacy of test hypotheses obtained by regression
equation was performed by the Fisher criterion. The
estimated value of this criterion in the dispersion of

inadequacy Siﬁadeq,=3,102 and dispersionSy2 =0,028

reproducibility of the experiment was: F°¥¢=2189.
Tabular value of Fisher's exact test adopted by the 5 -%
of significance, according to [6], was:

F@'(0.05;f,;f,) =19,38, where f
degrees of freedom variance inadequacy f, =2- the
number of degrees of freedom variance reproducibility
experiment.

Since, F®*=2,189<F™"(0.05;f,;f,) =19,38, the
hypothesis by the adequacy of the regression equation is
confirmed.

Final regression equation of the factors in the kind
acquired form:

7 number of

Je: X, - KojoBaHe 3Ha4eHHs1 po6o40ro TUCKY NOBITPS;
X, - KOQOBaHe 3HaYeHHs TOBLLMHW LWapy canponento;
X3 - KOQOBaHe 3Ha4YeHHs JOBXVHM Tpybonposoay.

MepeBipky rinoTesn agekBaTHOCTI  OTPMMAaHOro
piBHAHHA perpecii nposoaunu 3a kputepiem ®iwepa.
PospaxyHKoBe 3Ha4YeHHs JaHOro KpuTepito npu gucnepcii

HeaeKBaTHOCTI Shss =3,102 [ pvcnepcii
pocrigy S} =0,028

Bi,TBOPIOBAHOCTI CTaHOBUIO:

F%%-=2,189. TabnuuHe 3HaueHHs kpuTepilo dillepa 3a
npunHaToro 5-%  3HadvywocTi, 3rigHo [6], cknano:
F°%¢(0.05;f,;f,) =19,38, e f. = 7 - uMcno cryneHis
BinbHOCTI  Aucnepcil f, =2- uucno
CTYNeHiB BiNbHOCTi AUCNepcii BiATBOPIOBAHOCTI gocniay.
Ockinbkn, F¥® =2,189< F°**(0.05;1,;f,) =19,38 ,
aeKBaTHOCTI

HeadeKkBaTHOCTI;

TO  rinotesa
NiATBEPAXYETLCS.

OcTaTovHO PpiBHAHHA perpecii i3 akTopamun vy
HaTypaneHOMy BUMMsAi Habyno Burnsay:

PiBHAHHSA perpecii

Q =3,54467 +0,01408 [P -10,73 (1 +0.472 [h -0,0000415 [P? +11,03333 [1* -1,56 [h? +0,0331[P [

where: P - the working pressure of air supply, kPa;
| - sapropel thickness is during the extraction, m;
h - pipe length of lifting sapropel, m.

To track dynamics of changes in productivity derived
from regression equation was constructed a response
surface (Fig. 2a) and its two-dimensional section of (Fig.
2, b, c,d)

Based on visual observation of the movement of
sapropel-air flow is established that the structure of the
flow is not homogeneous, but consists of large bubbles
(shells) and sapropel congestion, which in turn contain
the gas phase in the form of small bubbles. Shells and air
plugs sapropel move alternately. In the wall film of the
reverse movement sapropel. This means that this
phenomenon obeys shell structure movement sapropel-
air flow [4], [5].
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ne:P - pobounii Tuck nogadi nosiTps, klMa;

| - ToBWMHA Wapy canponento 3 Mig SKoro BeAeTbCs

nobyBaHHS, M;

h - posxuHa TpybonpoBoAy NigiiMaHHA canponernto, M.

[ns BigcnigkoByBaHHA AMHAMIK/ 3MiHM MPOAYKTMBHOCTI 3a
OTPMMaHMM  PIBHAHHAM  perpecii  O6ynn nobynoBaHi
nosepxHi BiAryky (cir. 2, a) Ta ABOMIPHI iX ciyeHHs (dpir.
2,b,c,d)

Ha ocHoBI Bi3yarisHOro CocTEpexeHHs 3a PyxoM carnporierne -
MNOBITPSIHOIO NMOTOKY BCTAHOBIIEHO, LLIO CTPYKTYpa AAaHOrO NOTOKY
HEe € TOMOTEHHOI, a CKMajacTbCs i3 Benvkvx Oynbballok
(cHapsgiB) i canponeneByx NPoboK, siki y CBOKO Yepry MICTATb
rasoBy asy y Bumsagi gpidbHnx Oynbbawok. CHapsigm
noBiTps Ta MPOOKM Ccanponento pyxaktTbCA noveproBo. Y
NPUCTIHHIMA NNiBUi BiaOyBaeTbCA 3BOPOTHIN PyX canpornento.
Lle o3Havae, Wo gaHe siBULLE NiANOPSAKOBYETLCS CHApSAHIN
CTPYKTYpi pyxy canpornerne-nosipsiHoro noToky [4], [5].

1.2+
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Fig. 2 - Dependence performance Q pneumatic intake device on the depth of sapropel | pipeline length h and a pressure air
injection: 1 - P = 100 kPa, 2 - P = 200 kPa, 3 - P = 300 kPa /3anexHicms npodykmusHocmi Q nHeemamu4yHo2o 3abipHo20

npucmpoio 8id enubuHu 3anszarHs canponeno | ma doexuHu mpy6onposody h npu mucky HazHimaHHs nogimps:
1 - P =100 klla; 2 — P=200 kfla; 3 — P=300 «lla

CONCLUSION

Analysis of the results shows that all the factors have
a significant impact on pneumatic intake device. In all
variants of the experiment with increasing air pressure
performance of pneumatic intake device increases
regardless of the depth and length of the pipeline
sapropel. By increasing depth of sapropel device
performance increases as the deposit of the force of the
weight of the upper layers. Increasing the length of the
pipeline  transporting  causes partial  reduction
performance of pneumatic intake device. However, this
does not significantly affect the workflow as lifting
sapropel from underwater deposits with a minimum
thickness of water surface investigated range of lengths
is sufficient.

Also, can be noted that the values of the investigated
structural and technological parameters observed slug
regime movement upward sapropel-air flow.
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BUCHOBOK

AHarnia oTpMMaHVX pesyrnbTaTiB NoKasye, LLO BCi AOCTIDKyBaHi
(haKTopy MatoTb CyTTEBMI BITIMB HA MPOOYKTVBHICTE MHEBMATUMHOMO
3abipHoro NpycTpoto. Y BCiX BapiaHTax gocridy 3a 30inbLUeHst TUCKY
MNOBITPSA MPOQYKTUBHICTb NMHEBMATUYHOTO 3aGipHOMO MPUCTPOIO
30iMbLLYETECH HE3ANEXKHO Bif, IMMOMHM 3ansraHHs canporento Ta
[oBXuHM Tpybonposogy. 3a 36inbLUEHHS rMBMHW 3ansaraHHs
canporiento, Y AOCHiMKyBaHX MEXax, NPOOYKTMBHICTb MPUCTPOHD
3pOCTaE, OCKIbLKM Ha MOKMaon die cura BarM BEpPXHIX LUapiB.
30irbLLUEHHS] JOBKVHM TPaHCTOPTYHOHOM TRYOOMPOBOY CpMHMHIOE
YaCTKOBE 3MEHLLIEHHS! NMPOAYKTMBHOCTI MHEBMATUYHOIO 3abipHOro
npuctpoto. [MNpoTe ue cyTTeBO He BrimBae Ha poboumid npoLec,
OCKINbKu AN nigrhomy canponernto 3 nigBogHWMX POSOBULL
i3 MiHIMarbHOI TOBLLMHOKO BOAHOIO A3epKaria JOCHimMKyBaHWA
[iana3oH JOBXWUH € JOCTaTHIM.

TakoX MOXHa KOHCTaTyBaTW L0 3a AOCHigKyBaHUX
3Ha4YeHb KOHCTPYKTUBHWX Ta TEXHOSOMYHMX NapameTpis
CMoCTepiraeTbCA CHapSaHUA PEeXWM pyXy BUCXiAHOrO
canponene-noBiTPSHOro NOTOKY.
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RESEARCH OF THE PROCESS OF AERATION OF A LAYER OF B ULK MATERIAL

/

HAOCIIOXXEHHA MTPOLECY BEHTUJIIFOBAHHA LUAPY CUTIKOIO MATEPIATTY

Yaschuk A., Kirchuk R., Dudarev |.
Lutsk National Technical University / Ukraine
E-mail: rector@Ilutsk-ntu.com.ua; xxxxandyxxxx@gmail.com; ruslan-mail@ukr.net

Abstract: The results of theoretical researches of the
process of aeration of bulk material in the cylindrical
drying chamber of the dryer [1] are suggested in the
article.

Keywords: dryer, drying chamber, aeration, pressure
loss, porosity

INTRODUCTION

During convective drying the agent of drying (hot air)
contacts with wet material and imbibes its moisture. A
layer of bulk material resists to passing of drying agent
through it. The research of the process of aeration of a
layer of bulk material in the suggested dryer [1] will allow
to substantiate the rational mode and constructive
parameters of the dryer.

MATERIALS AND METHOD
A layer of bulk material which is filled in the cylindrical
drying chamber of the dryer [1].

RESULTS

The construction of a dryer [1] with the cylindrical
drying chamber (Fig.1) formed by outer -cylindrical
perforated wall and inner cylindrical perforated wall was
suggested. Inner perforated wall is intended to supply of
drying agent into the drying chamber. In the drying
chamber spiral activators are mounted. The spiral
activators are intended for loosening and agitation of
material during drying process.

For research of aeration of a layer of bulk material in
the dryer of this construction the following assumptions
were accepted:

- the material is in a loosened condition [2] during
aeration (drying);
- as a result of loosening of material with spiral
activators its porosity increases
&n<e=1(n, k, D, a, d, &),
where: n — the frequency of rotation of the activator, [min'l];

k — the pitch of the helix, [m];

D — the diameter of the spiral, [m];

a —the center distance between adjacent activators, [m];

d — the diameter of generatrix of a turn of the helix, [m];

& — porosity of material in stationary state.

- drying agent after passing through the inner
perforated wall moves to the periphery of the drying
chamber perpendicularly to the axis of the cylindrical
drying chamber;

- specific mass of drying agent that passes through the
layer of material is assumed to be constant at any point
of the material, the amount of air supplied to the drying
chamber through the inner perforated wall per unit of
time is equal to the amount of drying agent, leaving the
drying chamber through the outer perforated wall, the
velocity of drying agent decreases by its movement from
the inner to the outer perforated wall of the drying
chamber;

- porosity of material € varies by the height of the
drying chamber due to compaction of material under its
own weight. The relationship between the pressure of the
material and its porosity are described by a linear law.
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Pe3rome: B cmammi npedcmasneHo pe3ynbmamu
meopemuyHux OociOeHb pouecy 8eHMUI8aHHs
curnkoeo mamepiany 8 UUMiHOPUYHIU CywunbHit Kamepi
cywapku [1]

Knovoei cmoea: cywapka, cywurnbHa —Kamepa,
8eHMUJTIO8AHHSI, 8mpama MUCKy, Wnapysamicmes

NEPEOYMOBA

B npoLeci KOHBEKTVBHOMO CyLLIHHS CYLLMITbHIIA areHT (Harpite
MOBITPS1) KOHTaKTye 3 BOMOMMM MaTtepianom, sigbuparoum B
Hb0ro Boriory. Lap cunkoro matepiany, Kpisb SKMA NPOXoauTb
CYLLMINBHWI areHT, YYHUTL Ofip oMo MPOXomKeHHt0. [lochimkeHHst
npouecy BEHTWNIOBaHHSA LIapy CWMKOro MmaTtepiany B
3anporoHoBaHiii cywapui [1] [o3BonuTb 06FpyHTYBaTU
paLioHanbHi PeXMMHI | KOHCTPYKTVMBHI MapamMeTpy CyLLapKW.

MATEPIANU TA METOOUKA
LLap cunkoro maTepiany, LO 3aMOBHIOE UMMIHOPUYHY
CyLUMIBbHY KaMepy cyLuapku [1].

PE3YIIbTATH

3anpornoHoBaHa KOHCTPYKLIA cyllapku [1], umniHgpryHa
cywuneHa kamepa skoi (Fig.1) yTBOpeHa 30BHILLHbOO
UUNIHOPUYHOK NepdOpPOBaHOID CTIHKOK i BHYTPILLHBOM
LMMiHOPUHHORO NepdhopoBaHOHO CTiHKOH. BHYTPILLHA nepdpoposaHa
CTiHKa Npu3HayeHa Ans nigseAeHHs CyLUMIIbHOIO areHTa B
CylWMnbHY Kamepy. B cywunbHin kamepi BCTaHOBIEHI
criparenomioHi aktmeaTopu. BoHM npusHayeHi Arns posnyLLyBaHHs i
nepemiwyBaHHs MaTepiany B NpPoLeci CyLUiHHS.

Ona pocnimikeHHs NpoLecy BEHTWTOBaHHS LLapy CUMKOMo
matepiany B cylapui AaHOi KOHCTPYKUii Oyno npuiHATO
HaCTYMHi JONYLLEHHS:

- B TMpoOUECi BEHTWUMOBAHHA  (CYLUiHHS)

nepebyBae B po3nyLleHoOMy CTaHi [2];

- B pe3yrnbTaTi po3nyLlyBaHHs MaTtepiany cnipanenogioHumm

pobounMm opraHamm 36inbLLYETECA AOTO LUMapyBaTiCTb
En<E&E= f(n, k, D, a, d, 80/7),

e n —4yactoTta obepTaHHsa akTuBaTopa, [XB"l];

k — kpok cnipani, [M];

D — giameTp cnipani, [M];

a — MiXXOCbOBa BiiCTaHb MiX CyCigHIMK akTuBaTopamu, [M];

d — giameTp TBipHOI BUTKa cnipani, [M];

&cn — LUNApyBaTiCTb MaTepiany y cTaHi CroKoto.

- CYLUMIBbHUI areHT nicnsa NPOXO4KEHHS Kpi3b BHYTPILLHIO

nepcpopoBaHy CTiHKY pyXaeTbcs Ao nepudepii CyLmnnbHOI

Kamepu NepneHauKynspHoO A0 OCi LNIHOPWUYHOI CYLUMIBHOI

Kamepu;

- NMTOMa Maca CYLUMIMBbHOMO areHTa, Lo MPOXOAUTb Kpisb

Lwap marepiany npuMnMaeTbCsa NOCTIMHOK Yy Byab-AKin TouLi

mMaTepiany, KifbKiCTb MOBITPS, O NOOAETbCA B CYLUMIIbHY

Kamepy Yyepes BHYTPILLHIO NepdiopoBaHy CTiHKY 3a OAVHWLIO

Yacy, piBHa KiNbKOCTi CYLUWNBHOIO areHTa, Lo BUXOAUTb 3

CYLUMMBHOI KamMepy Yepes 30BHILLHI0 nepdopoBaHy CTiHKY,

Npy LbOMY LLUBUOKICTb CYLLMIBHOMO areHTa 3MEeHLLYETLCS Npuy

MNOro nepemMilleHHi BiA4 BHYTPIWHbOI A0 30BHILLHbLOT

nepgopoBaHOi CTiHKM CYLLUUMbHOI Kamepu;

- lunapysaTiCTb MaTepiany & HeOOHaKoBa 3a BMCOTON

CYLUMMNBHOI Kamepy BHAcNigoK YLUiNbHEHHst MaTepiany nig

BMACHOK Barol. 3B'I30K MK TUCKOM Ha maTtepian i 1noro

LUNapyBaTiCTIO OMNUCYETLCS NiHINHUM 3aKOHOM.

mMatepian
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Fig. 1 — The drying chamber of the dryer / CywrnbHa kamepa cywapku
1 — outer perforated wall of the drying chamber / 308HiwHsi nepghoposaHa cmiHka cywunbHoi kamepu; 2 — inner perforated wall of the drying
chamber for supplying of drying agent / eHympiwHsi nepghoposaHa cmiHka cywunbHoOi kamepu 07151 nodayi cywunbHo20 azeHma; 3 —spiral activators for
loosening and agitation of material / cnipanbHi akmueamopu 0715 po3nywysaHHs i nepemiwysaHHs Mamepiany

Consider a layer of material with a constant cross
section, conventionally limited by two parallel planes (flat
layer) through which the gas stream passes. The loss of
pressure in this layer of material can be determined by
the formula of Koseni-Carman [3]:

Ap=K0O

where: Ap — the loss of pressure in the layer of material, [Pa];
K — the Koseni-Carman constant, K=4,5...5;
| — thickness of the material in the direction of the
gas flow, [m];
€ — relative porosity of a layer of material;
s, — specific surface area of material, [m*/m?;
1 — dynamic viscosity coefficient, [Pa-s];
wo — brought flow velocity, [m/s].

Consider a layer of bulk material, which is limited by
the outer and the inner cylindrical walls of the dryer of the
suggested construction (Fig. 2). During the drying, the
agent of drying moves through this layer of material
(cylindrical layer) from the inner perforated wall of the
drying chamber to the periphery. Assuming that the
amount of drying agent that inlets a layer of material is
equal to the amount of drying agent at the output of a
layer of material and the specific mass of the drying
agent is constant at all volume of material, the speed of
drying agent wy at any point x of material as a function of
coordinate of the drying chamber radius can be
represented as:

w =

X

where: ro — the inner radius of the drying chamber, [m];
Ix — the difference between the coordinate of the
point x and the inner radius of the drying chamber, [m];
wo — brought velocity of a flow at the inlet of
material, [m].

PoarnaHemo wap martepiany 3 NOCTiMHUM nepepi3om,
YMOBHO OOMeEXeHWI ABOMa napanenbHUMU NoLmuHamm
(nnockuin Wwap), Kpisb SKMIA NPOXOAUTb ra30BWUA MOTIK.
Btpaty Tucky B UbOMY LWapi Martepiany MOXHa
BU3Ha4MTU 3a popmyrnoto KoseHi-KapmaHa [3]:

(1-¢)

= |5, @

ne: Ap — BTparta TUCKy B Wapi matepiany, [Ma];

K — ctana KoseHi-KapmaHa, K=4,5...5;

| — TOoBWMHa Wapy maTepiany B HaNnpsAMKy nogadi

rasy, [m];

£ — BiQHOCHa NOpUCTICTb Wapy MaTepiany;

Sy— NMTOMa NoBepxHs MaTepiany, [M2/M3];

M — AVMHaMIiYHWIA KoedoilieHT B'a3kocTi, [[a-cl;

Wo — NpyBedeHa LWBUAKICTb NOTOKY, [M/c].

PosrnsaHemo wap cunkoro matepiany, Skuii 0OMeXeHun
30BHILUHLOK | BHYTPIWHLOK  UMNIHAPUYHUMW  CTIHKaMMK
CyLlapKX 3anporoHOBaHOI KOHCTPYKUii (puc.2). Kpisb uewn
wap matepiany (UMNiHOPWYHUIA Wap) B NPOLECi CyLUiHHSA
NPOXOAUTb CYLUUIBHWUIA areHT Yy HanpsMKy Bil BHYTPILLHBOI
nepdopoBaHOI CTIHKK CYLUUILHOI kamepu Jo nepudepii. 3a
YMOBW, LLIO KiNbKICTb CYLUMIBHOTO areHTa Ha Bxodi B Liap
mMaTepiany piBHa KinbKOCTi CyLUMIIBHOMO areHTa Ha Buxogi 3
Wwapy matepiany, a NUTOMa Maca CYLUMMbHOIO areHTa €
MOCTiNHOKO 3a BCiM o6’eMOM MaTepiany, LWBMAOKICTb
CYLUMIBHOIO areHTa wi B Oyab-skin Touli X matepiany sk
dyHKUi0 Big KoopaMHaTX padiyca CyLWnbHOI kamepwu
MOXHa 3anucaTv y BUrmsaai:
= 2

o+l

e ro — BHYTPILUHI paaiyc cywmnbHoi kamepu, [M];
Ix — pi3HULUA MiXK KOOPAUHATOI TOYKM X | BHYTPILLUHIM
pafiycom CyLuMnbHOI kKamepu, M;
wo — npuvBedeHa LWBWUAKICTb MOTOKY Ha Bxodi B
maTepian, [M].

outer perforated wall of
the drying chamber

308HIWHS Nepghoposara cmiHka

CYWUITbHO] Kamepu

v

inner perforated wall of the I
drying chamber

eHympiuitst nepehoposana
Cmiika CywnbHOT 6anepy

Fig. 2 — Determination of the velocity and the pressure loss of drying agent /
Bu3sHayeHHs1 weudkocmi i empamu mucKy CywurnbHO20 azeHma
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Loss of pressure in the elementary thin layer of

material:
dp= [ K I, Eﬁ

Integrate and define the loss of pressure Ap, of

cylindrical layer of any thickness| =r,, —r,.

(L-¢)°

&

INMATEH — Agricubtural Engineetin

BTtpata TuCKy B €neMeHTapHOMYy TOHKOMY  Luapi
Martepiany:

]E@juja“ﬁ}dl.
To +1y

MpoiHTerpyemo i BCTaHOBMMO BTpaTty TUCKY Ap,

©)

3

LMMiHOPUYHOTO Wapy AOBINbHOT TOBLWMHK | =1, —T,.

2
Ap, :J[K mﬂl;f) 32 D/Efjof:o]dl ,
0 X

o, = =L g a1, - o ) v,

where: C — the constant of integration
Determine the constant of integration if at I=0 pressure

loss Ap, =0.

c=K ﬂl%) (82 (g, 0,2 CIn(r, )

Substituting (5) into (4) after simplification we obtain:

ap, =K A E 1 g 3,4 -, U+ 5+ 0 )

Expression (6) allows to determinate the loss of
pressure of drying agent as the result of passing it through
a layer of material in the cylindrical drying chamber of the dryer.

Determine the change of porosity of the material by the

4

ne C — ctana iHTerpyBaHHs.
3Hangemo ctany iHTerpyBaHHs, skwo npu =0 BTpaTta
Tncky Ap, = 0.

®)
MigctaBmBm (5) B (4) nicns CNpoLEHHS OTPUMAEMO:

6

Bupas (6) [o3Bonsie BCTaHOBUTY BTPaTy TUCKY CyLUMIBHOIO
areHTy B peasynbTaTi MNPOXOOKEHHA WOro Kpisb Lwap
mMartepiany B UMMIHOPUYHIA CYLUUIBHIN Kamepi CyLlapKu.

BusHaunmo 3miHy nopucTocTi MaTepiany 3a BMCOTOO

height of the layer. wapy.
Law of compaction in differential form looks like [4]: 3aKoH yLLinbHEHHS B AuddbepeHLinHiin chopmi Mae Burnsg [4]:
de=-a,ldp. 7

where: a, — the compression coefficient.

de — the change of the coefficient of porosity with
the infinitely small pressure change dp.

Assuming that the pressure of the upper layers of material
on lower ones is insignificant the porosity of material in some
point y can be determined by compaction law for the straight-
line section of compression curve [4]:

£y =& 3Py,

where: &, — the initial porosity of a material without applied
pressure (Fig. 3);

fne: a, — KoeilieHT CTUCKYBaHOCTI.
de — 3miHa KoediLiEHTY LNapyBaTOCTi NPU HECKIHYEHHO
Maniv amiHi Tucky dp.
Mpunmatoun, Wo cmuna TUCKY BEPXHIX LapiB maTepiany
Ha HWXHi He3HaYHa, WnapyBaTiCTb MaTepiany B AOBINbHIN
MOro Touui Y MOXHa BM3HAYUTW 33 3aKOHOM YLUiNbHEHHS
Ons NpAMONiHIMHOT AiNSAHKM KOMNPEeCiNHOT KpMBOi [4]:

®
fe: €, —no4vaTtkoBa LLnapyBaTiCTb MaTepiarny 6e3 npuknageHoro
Tucky (puc.3);

p,. — the pressure which is produced by higher P,... — TUCK, iKWV 3AIMCHIOIOTL BEPXHI Wapu maTtepiany
layers of material on a layer of material in a point y. Ha Wwap martepiany B Touli Y.
I'min
ro Eo
L
0
/ ) : » . . ’)‘
! : oo
( 3 . T
B T
\ B e ”k‘;\‘ &, R
\ CR TR,
\ v <
) ‘ b \?ﬁ . v o/
| v . . ~pyM/' o bg
/ -7 b /T A Ap
I BN AN 745 IS T
( B M - T dh'

Fig. 3 — Determination of porosity of material depending on its height /
BusHa4eHHs1 winapysamocmi Mmamepiarny 3anexHo 8id (io2o aucomu
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Pressure of upper layers of material
determined by the formula [4]:

Py

where m, —the mass of a material height of point y, [kg];
v, —the volume of a material height of point y, [m3];

Relation of the mass to the volume is determined as
an average density of a material

My _ Py~ Pun

Porosity

p, — real density without taking into account porosity,
[kg/m°].

After substitution p,, from (12) and p, from (13) into
(11) we obtain

can be
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Tuck BepxHix WapiB martepiany MOXHa BU3HA4MTU 3a
dopwmyroto [4]:

:ﬂm[ﬂ’]y' (9)
V,

y

Ae: m, —mMaca matepiany BuLle ToukM Y, [Kr];
v, —of’em maTepiasny BALLE TOYKM Y, [M3].

BigHoweHHa macu pgo ob’emy BM3Ha4aeTbCcs  SAK
cepeHs LWinbHICTb MaTepiany

va
10
> (10)
LLinapyBaTicTb

Py j , (12)
P
pvoj , (13)
P

p, — AiNcHa LWinbHicTb 6e3 BpaxyBaHHS nop, [KF/M3].
Micna nigcraHoskm p, 3 (12) i p, 3 (13) B (11)
oAepXnNMO.

a-e) P ]mo
£,=6,—8,3 5 0 [y [h,
or abo
aO2 ELJZ |:ﬂ]yz wvo2

—80—30@[&1)/&7\/0"'

Substituting the value &, of expression (14) into

expression (6) the loss of pressure of drying agent when it
moves through a layer of a material in the cylindrical
drying chamber on the height hy can be determined.

The results of calculations are represented as graphs
on the fig. 4.

(14)
2&0+a0mljhymv0_2

MigcTaBuBlKM 3HaYeHHs1 &, Bupa3dy (14) B 3anexHicTb

(6) MOXHa BM3HAUWUTK BTPaTy TWUCKY CYLUMIIBHOTO areHTa
npy WMOro MNPOXOMAXEHHI Kpisb LWap MaTepiany B
LMMiHOPVYHIN CYLUMIBHIA Kamepi Ha BuCoTi hy.

PesynbTtath  pospaxyHkiB y  Burnggi
npeacTasneHi Ha puc. 4.
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Fig. 4 — Pressure loss of drying agent by passing through a layer of bulk material / Bmpama mucky cywurnbHo20 azeHma rnpu
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where: A, B, D, E — coefficients.

System (15) describes the loss of pressure of drying
agent when it moves through a layer of bulk material with
its height h _ which fills the cylindrical drying chamber

with the radius of outer perforated wall r,,, and the radius
of inner perforated wallr, ;.
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ne A, B, D, E — koediujieHTn.

Cuncrtema (15) xapaktepuaye BTpaTy TUCKY CYLUMITbHUM
areHToM npu MOro NPOXOMXKEHHI Kpi3b Wap marepiany
BMcoTO h IO 3amnoBHIOE UUMIHAPUYHY CYLUUIBHY

ck. !
Kamepy 3 pagiycom 30BHiWHLOI NepdopoBaHOi CTiHKM
o | PAOIYCOM BHYTPILLHBOI NepdOpoBaHOI CTIHKA 1 .

—
[
s
3

go0l- g
k< £=0.4
3 e
N I
g ook |
g £=0,5
)
g- _/_/>—/
g 200 £=0,6 B

the height of a layer of material hy, [M]
sucoma wapy mamepiany hy,[m]

b)

Fig. 7 — Drying agent pressure loss to overcome the resistance of material in the cylindrical drying chamber of the dryer /
Bmpama mucky cywunbHUM a2zeHmom Ha nodonaHHs oriopy mamepiany 6 UuniHOpUYHIU CywurnbHil kaMepi cywapKu

a) &, =2007°;b) a,=500"

CONCLUSIONS

The relations which allow calculating the resistance of
a bulk material layer in the cylindrical drying chamber of
the dryer taking into account the change of porosity of
material by height were obtained. The obtained results
indicate that a flat and a cylindrical layer of material
produce different resistances of drying agent for the
same initial speed of the agent of drying. The less

resistance pr of a cylindrical layer than a flat layer with

the same thickness | and initial velocity of the drying
agent ay entering into the material can be explained by a
decreasing of the speed of the drying agent in a
cylindrical drying chamber as a result of moving it from

the center to the periphery: @, = f(l.).
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BUCHOBKU

OTprMaHO 3anexHocTi, siki 403BOMSATL 06UMCNUTH
onip wapy cunkoro MmaTepiany B UMAIHAPUYHIN
CYWMMbHIN Kamepi Cylwapkm 3 BpaxyBaHHSAM 3MiHU
LNapyBaTocTi mMaTepiany 3a BucoTow wapy. OTpuMaHi
pesynbTaTu MOKasyloTb, WO MpuM OOHAKOBIN MOYaTKOBIN
LWBMAKOCTI CYLUMIBHOIO areHTa niioCKUM i UUniHOPUYHUA
Wwap matepiany YMHATb Pi3HUA Onip CYLIMUIBbHOMY areHTy.

MeHwwi onip Apu UUNIHAPUYHOrO Lapy, HiXK NIockoro,

npy OAHaKoBIA iX TOBLWMHI | i no4aTKoBOI LUBUAKOCTI
CYLUMMBHOrO areHTa «h Ha BXOA4i B Martepian MOXxHa
NOSICHNTU 3MEHLLEHHSIM LUBUAKOCTI CYLUMIIBHOMO areHTa B
LUMNIHOPWYHIN  CYLUMMBHIN Kamepi BHAcrigoK MepeMilleHHs

10ro Bif LEeHTPY Ao nepudpepii W, = f (|X) .
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VARIATIONS OF KINEMATIC PARAMETERS OF THE CARDANIC JOINTS ACCORDING TO
TEHNOLOGICAL DEVIATIONS

/

VARIATIILE PARAMETRILOR CINEMATICI Al ARTICULA TEI CARDANICE IN FUNC TIE DE ABATERILE

TEHNOLOGICE
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Abstract: Technological deviations determine in the
intermediate couples of the cardan joint supplementary
efforts due to restrained movement. This paper sets as
goal the determination of dependency between the
technological deviations and the size of these movements.

Key words: deviations, cardan, kinematics.

INTRODUCTION
Spatial RCCC mechanism

The mechanism with one cardanic joint [3], [4], [8] is a
RRRR mechanism and a particular case of a spatial
RCCC mechanism, where by C, R [9] was noted the
cylindrical kinematic rotation couple.

The technological deviations determine the apparition
of some efforts in the intermediary couple of the cardanic
joint.

In order for one to have a measure for these
displacement it is first necessary to study the RCCC
spatial mechanism kinematics.

The positional analysis of the RCCC mechanism

The RCCC mechanism (fig. 1) is made of four elements
noted with 1, 2, 3 and 4, the forth element (the base) being
fixed and the elements being connected through the kinematic

couples O, O, ,0; and O, , the O, being the rotation couple

and O,, O, and O, being the cylindrical kinematic couples.

X4

Rezumat: Abaterile tehnologice fac ca in cuplele
intermediare ale articulafiei cardanice s& apard eforturi
datoritd unor deplaséri impiedicate.

Aceasta lucrare Tsi propune determinarea dependentei
intre abaterile tehnologice si marimea acestor deplasari.

Cuvinte cheie: abateri, cardan, cinematica.

INTRODUCERE
Mecanismul spa tial RCCC

Mecanismul cu o articulatie cardanica [3], [4], [8] este un
mecanism RRRR si un caz particular al mecanismului spatial
RCCC, unde prin C, R, [9] s-a hotat cupla cinematica cilindrica,
respectiv cupla cinematica de rotatie.

Abaterile tehnologice fac ca in cuplele intermediare
ale articulatiei cardanice sa apara eforturi datoritd unor
deplasari impiedicate.

Pentru a avea o masura a acestei deplasari este
necesar a studia mai ntdi cinematica mecanismului
spatial RCCC.

Analiza pozi tional @ a mecanismului RCCC

Mecanismul RCCC (fig.1) este format din patru
elemente, notate cu 1, 2, 3, 4, elementul 4 (baza) fiind fix,
elementele fiind legate intre ele prin cuplele cinematice

0,. 0,,0,,0,, cupla cinematica O, fiind de rotatie iar

cuplele, O,, O,, O, fiind cuple cinematice cilindrice.

Fig. 1 — RCCC Spatial Mechanism / Mecanismul spatial RCCC

The axes of the kinematic couples are noted with
Oi'Zi, i =12,..., and the following perpendiculars are

i =1234, point O, being

noted with O/O;,,,
identical with point O, .
One notates with g,, a;, | = 1,234 the length of

the axes and the angle between them.
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Axele cupleleor cinematice sunt notate cu Oi'Zi,
i =12,..., iar perpendicularele comune succesive sunt
notate cu O[O/, , i = 1234, punctul Oy fiind identic
cu punctul O, .

Se noteazd cu O, a;, i=1234
distantelor dintre axe respectiv unghiurile dintre axe.

lungimile



Vol. 40, No. 2 /2013

So it is chosen a local reference system Oi)(i Yz,
i = 1234 so that the axes O, X, to be situated on the
shared perpendiculars of the axes Oz, O/,,Z,,. Itis
noted with S, the distances O/O, and with 8, the angle
between the axes O, X ;, O X, i = 1234.

In these conditions, the geometrical parameters S;,
o, a;, i = 1234 being known, the positional analysis
for determining 8,,6,,6,,S,,S;,S, is based on the

angle 6,.
From the equation of rotations closing, using the
diagram ,, 8a” [9] and the order 3, 4, 1 and 2 is obtained

the following equation, where:

A,(6,)s6, —B,(6,)ch, +C,(6) =0
A(6,) = sa;sb,sa,

INMATEH — Agricubtural Engineetin

Se aleg sistemele de referintda locale OiXi Vi,
i = 1234 astfel incat axele Oi)(i sa fie situate pe
perpendicularele comune ale axelor Oi'Zi, Oi'+1Zi+1, se
noteaza cu S;, distantele Oi'Oi, si cu Hi unghiurile

dintre axele O,_;X,_;, O;X, i = 1,234.

in aceste conditii parametrii geometrici S;, o;, a;,
i = 1,234 fiind cunoscuti, analiza pozitionala consta
in determinarea 6,,6,,6,,S,,S;,S, In functie de
unghiul G,.

Din ecuatia de finchidere a rotatiilor, utilizind
diagrama ,68a” [9] si ordinea 3, 4, 1, 2, se obtine

ecuatia, unde:

(1.1)

(1.2)

B,(6,) = sa,(ca,cl,;sa, +sa,ca,)

C,(6,) = —ca,sa,cl;sa, +casca,ca, —ca,

The trigonometrical functions cos, sin being noted with
¢, S. Through the conventional derivate of the relations
(1.2), (1. 2) having as basis [9] the relations:

D(c8) =-ss6. D(sf) =sch,

D(ca,) =-0;sa,; D(sa;) = o,ca,

Is obtained the equation:

D354 + FSSl + FSJl + GSJZ + H30-3 + K30-4 = O

where:

D, = sa,cd,s6,sa, + sa,sf,ca,co,sa, +sa,sl,sa,ca;

Functiile trigonometrice cos, sin,fiind notate cu c, s.
Prin derivarea conventionala notata a relatiilor (1.1), (1.2)
avand la baza [9],relatiile:

(1.3)
(1.4)
se obtine ecuatia:
(1.5)
unde:
(1.6)

E, =sa,sf,ch,sa, +sa,cl,ca,sb,sa, +ca,sa,sb,ca,

F, =sa,s6,s6,ca, —sa,cl,ca,cl,ca, —ca,sa,co,ca, +sa,cl,5a,5a, —Ca,Ca,sa,

G; =sa,

H, =ca,s6,s6,sa, —ca,ca,cl,sa, +sa,sa,cl,sa, —ca,cl,sa,ca, —sa,ca,ca,

K, =sa,cl,sa,cl,sa, —ca,ca,clsa, —sa,cé,ca,ca, —ca,sa,ca,

The angle g, is determined by solving the equation (1.2)

and through the equation (1.5) is known the parameter S, .
With circular permutations the relations follows:

A(6,)s6; - B,(6,)cE; +C,(6,) =0
A (6,)s6, - B,(6;)cb, +C,(6;) =0

from which are determined, in order, the angles g, and 4,
and also the equations:

D,s;+E,s, +F,0,+G,0,+H,0,+K,0,=0

DlsZ + Els3 + FlaB + G104 + Hlal + KlaZ = O

Prin rezolvarea ecuatiei (1.2) se determina unghiul 4, ,

iar apoi din ecuatia (1.5) se determina parametrul S, .
Prin permutari circulare se obtin relatiile:

1.7)
(1.8)

din care se determina in ordine unghiurile 4,, g, precum
si ecuatiile:

(1.9)

(1.10)
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from which are determined the parameters S;, S, . The expressions

of the coefficients A B,,C,,D,, E,F.,G, , H, K,

i=3,2,1,are given in table 1.1

INMATEH — Agricubtural Engineetin

din care se determina parametrii S;, S, .Expresiile
coeficentior A, B,,C,,D; . E;,F .G, ,H, K,,i=32

1, sunt date in tabelul 1.1

Table 1.1/ Tabelul 1.1

i 3 2 1
A sa,sé,sa, sa,s6,sa, sa,s6,sa,
B | sas(ca,csa, +sa,ca,) sa,(ca,ch,sa, +sa,ca,) sa,(ca,cé,sa, + sa,ca,)
c ca,(-sa,césa, +ca,ca,) | ca,(-sa,cl,sa,+caca,) | ca,(-sa,césa, +ca,ca,)
-ca, -ca, -ca,
o | SasSa (c,s6, +sb,ca,cl) | sa,sa,(cl,sl, +sb,ca,c,) | sa,sa,(ch,so, +sb,ca,ch,)
' +8a,56,8a,ca, +sa,80,s0,ca, +sa,s6,sa,ca,
e sa,sa,(s6,co, +cb,ca,sb,) | sa,sa,(sf,co, +ch,ca,sb,)+ | sa,sa,(s8,co, +ch,ca,so,) +
+Ca,Sa,S6,sa, ca,sa,sé,sa, ca,sa,so,sa,
sa,ca,(s8,s6, -cb,ca,ch,)-| sa,ca,(s6,s8, —cl,ca,ch,)-| sa,ca,(s,sb, —ch,ca,ch,)-
F ca,sa,céca, + ca,sa,cl,ca, + ca,sa,co,ca, +
sa,cd,sa,sa, —ca,ca,sa; | sa,cé,sa,sa, —ca,ca,sa, | sa,cl,sa,sa, - ca,ca,sa,
G sa, sa, sa,
ca,sa,(sf,s6, —co,ca,ch,) | ca,sa,(s6;s6, —cb,ca,ch,) | ca,sa,(sb,s0, —co,ca,co;)
H, + sa;sa,co,sa; - +S0,50,C0,50 - +S0a,5a,C6,50,-
ca,co,sa,ca; —sasca,ca, | ca,cl,sa.ca, —sa,caca, | ca,co,sa,ca,—saca,ca,
sa,(sasch,sa,c6, —caca,ch,) |sa,(sa,cl,sa,c6, —ca,ca,ch,)| sa,(sa,cl,sa,cé, —ca,ca,ch,)
KI
-ca,(sa,ch,ca, +ca,sa,) | —ca,(sa,co,ca, +ca,sa,;) | —ca,(saco,ca, +ca,sa,)

In the initial position, Hio = 0 the expressions are obtained:

A, =0; B, =sa,s(a, +a,): C, =cac(a, +a,) -ca,

and it results that:

Tn pozitia initiala, Hio = 0 se obtin expresiile:

(1.11)

si rezulta:
_cayc(a, ta,)-ca,

co;

(1.12)

sa,s(a, +a,)

For solving the calculus for such a mechanism it is first
necessary to make some specifications:
— the joint perpendiculars between the axes with the
index i, i+1 are noted with O, , O/, ;
- the direction of the axis O, X, is given by the rotation

direction of the axis O,z over the axis O;,,Z,,,, direction

that also specifies the measurement direction of the angle &, ;

()

. between

— the positive measurement direction of angle

the axes O, X_; O X;

. X, , is given by the direction of

the O, X axis rotation around the axis O, Z, .
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Pentru efectuarea calculului unui astfel de mecanism
este necesar a se face urmatoarele precizari:
— perpendicularele comune ntre axele cu indici i, i+1 se
noteaza cu O,, O/,,;

- sensul axelor O, X este dat de sensul rotirii axei
O/z peste axa O sens care precizeazi si
iZ P 41441 p $

sensul de masurare al unghiului Q@ ;

1)

. intre

- sensul pozitiv de masurare al unghiului

axele O_X_ O/X , este dat de sensul rotirii axei

O, X njurul axei Oz, .
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The cardanic joint without technical deviations
The normal cardanic joint

The cardanic joint enables the transmission of the
rotation movement from the shaft 3 through the cardanic
Cross 2.

The cardanic cross is tied to the brackets of the shafts 1 and 2
through the Kinematic rotation couples A, A and respectively B, B.

furca
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Articula tia cardanic a fara abateri tehnologice
Articulafia cardanicd normald

Articulatia cardanica face posibila transmiterea migcarii
de rotatie de la arborele 1 (fig. 2) la arborele 3 prin
intermediul crucii cardanice 2.

Crucea cardanica este legata la furcile arborilor 1, 2
prin cuplele cinematice de rotatie A, A respectiv B, B.

Fig. 2 — Cardanic joint / Articulafie cardanicé

Structurally speaking [9], the kinematic couples A,

B' are passive and then, structurally and kinematically
speaking, the cardanic crosscan be replaced with the
element 2 from figure 2.

So are considered the bearings C and D and the

concurrent rotation axes Oz, , i = 1,234.

The axes are being concurrent in the points O., O,

i =123 and they coincide, so the mechanism from
figure 2 becomes an RCCC mechanism where:

0,=0,5=0i=1234

If the angles @, , I = 1,2,3 are fulfilling the condition:

a, =

then the cardan joint is called normal cardan joint. For such
a joint (910 =0) one considers that a,=71—0d and
from figurel1.2.1 results:

7 3n
0 0=y 0 =2

g, =—,; 6
2 ' Y3
2
Taking into account the relations 2.1 it results that the
relations (1.5), (1.9) and (1.10) are identically fulfilled and
conduct to solving the equations (1.1), (1.7), (1.8). From
table 1 it results that:

A, =s6,; B, =-cacg,; C, =0
A =sb,sa;B,=-ca;C,=0
A =s6,; B, =0;C, =ca

And the equations (1.1), (1.7) and (1.8) become:

s6,s6, +cacéc6, =0
s@,sasf, +cach, =0
s@,s6, +ca =0

from which, with the notations:

6=6+6"1=123

are obtained the results:
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Din punct de vedere structural, [9], cuplele cinematice

A', B'sunt pasive si atunci, din punct de vedere
structural si cinematic, crucea cardanica se poate inlocui
cu elementul 2 din fig. 2.

Se considera palierele C, D si axele de rotatie

concurente Oz, , i = 1,234.
Axele fiind concurente rezultd ca punctele O,, O,

i = 1,2,3 coincid si atunci, mecanismul din fig.2 devine
un mecanism RCCC in care:

2.1)

Daca in plus unghiurile &;, I = 1,2,3 indeplinesc conditia :

2.2)

atunci articulatia cardanicd se numeste articulatie cardanica
normald. Pentru o astfel de articulatie (610 =0)

consideramca @, = 71— @, din fig.1.2.1 rezulta:

i (2.3)
2 2 '

Tindnd seama de relatiile 2.1 rezulta ca relatiile (1.5), (1.9),
(1.10), sunt identic Indeplinite si ca atare studiul cinematic
se reduce la rezolvarea ecuatiilor (1.1), (1.7), (1.8). Din
tabelul 1. rezulta:

(2.4)
(2.5)
(2.6)
si ecuatiile (1.1), (1.7), (1.8) devin :

2.7)
(2.8)
(2.9

din care cu notatiile:

(2.10)
se obtin rezultatele:
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tgd, = itgé?1 (2.12)
ca
tg(a + 6;) =tgach, (2.12)
ca
col=—" 2.13
2 c(a+6d) (213
where: unde :

1 T
arctg(—1tgd,),0< 6, < —
g(CCJ’ gé,) 155

]—T;Hl :7_-[
2 2
6, =4 m+ arCtg(itgﬁl);]—Ts 6, 3 (2.14)
ca 2 2
3., 51
2t 2

2T+ arctg(itgel);3—ﬂ <@ <2m
ca 2

and the variation diagrams from figure 3 a,b,c: si diagramele de variatie din fig. 3. a,b,c:

0%, 0%;
6%

2n ‘

3n/2

" n/2 m 3mn/2 2n o

o —

T 91

n2 -
o

° 2a n2 w®™ 372 2n 01
2 m 3n2 2n 01
a b c

Fig.3 — Variation diagrams / Diagrame de variafie

Below are presented the variation diagrams for the angles Mai jos sunt prezentate diagramele de variatie a
45, 6r, HE depending on the angle &, forq = 20° for unghiurilor &y, E, 95 functie de &, pentru a = 20°
a cardan joint with no technical deviations. pentru o articulatie cardanica fara abateri tehnologice.
The variation graphs are presented in figure 4. Graficele de variatie sunt prezentate in fig.4

04=1(01);u=20 03=1(81);0=20"

400

0
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200 -20 \

100 -30 \ /
. 40 \ /

0 100 200 300 400 .50

02=f(81);a=20°

25
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. /7~ "\
4 \ |/ \
./ \ / \

) V \

0 100 200 300 400
Fig. 4 — Variation graphs / Grafice de variafie
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MATERIALS AND METHOD
The kinematics of cardanic joints with technical
deviations
Identifying the geometrical deviations (technological)

A kinematic diagram that represents a mechanism
with one cardan joint, with all geometrical deviations
possible, is presented in figure 5.

Z

0:
Fig. 5 — Technological deviations / Abateri tehnologice

These deviations are small and fulfill the condition:

The angular deviation of the main shaft bracket is
defined by the parameter Aal and the smoothness

deviations for the same bracket is given by the parameter J, .
The angular deviation of the cardanic cross 2 is given
by the parameter A02 and also the deviation from

smoothness is given by the parameter O, .
The angular deviation of the driven shaft bracket 3 is
given by the parameter Aa'3 and the smoothness

deviation is given by the parameter 0.
The angular deviation of the driven shaft 3 depending
on the driving shaft 1 is given by the parameter J, .

The influence of technological deviations over the kinematic
parameters

As shown in default of shafts 1 and 3 points are known
(figure 4).

0, 0,0, 0, O,, O;, O,, O, are overlaid with

point O (fig. 5) and the kinematic cylindrical couples A, B
and D become rotation kinematic couples (there are no

displacements S, , S;, S,, alongthe axes Oz, Oz, O3z).
The existence of technical deviations conducts to the
displacements S, | = 1,234 and by blocking them, the

excess efforts from the rotation kinematic couples A, B, C,
D appear (fig. 2).

In order to determine these displacements it is first
necessary to calculate the angular parameters 6,, 4,, g,

variation depending on the angle g, from the equation system:

A1sei+1 - Blceiﬂ +Ci = O’I = 1'2’3

For this purpose, one uses the Newton method [11]
and with the notations:

&,

[6]=|8, | [n6]=| 16,

04
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MATERIALE S| METODA
Cinematica  articula tiei
tehnologice
Identificarea abaterilor geometrice (tehnologice)

O schema cinematica care reprezinta un mecanism cu
articulatie cardanica cu toate abaterile geometrice posibile
este redata in fig. 5.

cardanice cu abateri

Aceste abateri sunt mici si indeplinesc conditiile :

a :§+Aai, i=123,a,=n-a;0,=00,,.i=12,; 0, =0,0.

(3.1)

Abaterea unghiulara a furcii arborelui conducator este
definita de parametrul Aal iar abaterea de la planeitate

pentru aceeasi furca este data de parametrul J, .
Abaterea unghiulara a crucii cardanice 2 este data de
parametrul Aaziar abaterea de planeitate este data de

parametrul O, .
Abaterea unghiulara a furcii arborelui condus 3 este
data de parametrul A0’3iar abaterea de planeitate este

data de parametrul 0.
Abaterea de planeitate a arborelui condus 3 fata de
arborele conducator 1 este data de parametrul 0, .

Influenfa abaterilor
cinematici

Asa cum s-a aratat Tn lipsa abaterilor arborilor 1, 3 sunt
cunoscute, punctele (fig. 4).

0O,, O, 0, 0,, O,, 0], O,, O, se suprapun

cu punctul O (fig. 5) iar cuplele cinematice cilindrice, A, B,
D, devin cuple cinematice de rotatie (nu exista deplasari

S,, S5, S;, inlungul axelor Oz,, Oz,, Oz,).
Existenta abaterilor tehnologice duce la producerea
deplasarilor S, 1 = 1,2,34 iar acestea fiind Impiedicate

tehnologice asupra parametrilor

fac sa apara eforturi suplimentare n cuplele cinematice de
rotatie A, B, C, D (fig. 2)

in vederea determindrii acestor deplasari este necesar
a calcula mai inti variatia parametrilor unghiulari g,, 6,,

94 , In functie de unghiul g din sistemul de ecuatii:
(3.2)

Tn acest sens, se utilizeaza metoda Newton [11] si cu
notatiile :

A6,
(3.3)
NG,
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l.IJ].
W =Asf8,-Bcd,,+C,,i=123; (W)= ¥, (3.4)

LIJS
A’ =sa,sa,cl,; B = -sa,ca,sé,sa,; C’ =ca,sa,s6,sa, (3.5)
Al =sa,sa,cl,; B, = -sa,ca,sd,sa,; C) =ca,sa,s6,sa, (3.6)

Acl, +B;sf, A’sg,-BcH,+C/ 0
[3] = 0 A,cl, + B,s6, A’s@, - B;cd, +C) (3.7)
0 0 A,cH, +B;s6,
is obtained the matric equation: se obtine ecuatia matriciala:

(86y=-[3] W) 3.8)

from which results the variation {AH} for the known
values of angles 6,, 6,, 6,, 6,

RESULTS
One considers a cardanic joint for which:

a=0"; Aa, =0,00¥ad; s, =0,00% g, =0,001
i=1,23.
The variation graphs are presented in figure 6.

64=f(81):0=0; Aa=0,001;0=0.001;

$1=0,001
600
400 —
200 —
0
0 100 200 300 400
02=f(81),0=0; Aa=0,001;0=0,001;
$1=0,001
90,08
90,06
90,04 \ /
90 \/
89,98
0 100 200 300 400
$3=f(81); a=0; Aa=0,001;6=0,001;
s1=0,001
0,001
0
0,001 um/ 200 300 400
, \\_
-0,002
-0,003

din care se obtine variatia {AH} pentru valorile

cunoscute ale unghiurilor 8,, 6, , 6,, 6,

REZULTATE
Se considera o articulatie cardanica pentru care:

a=0"; Aa, =0,00Yad; s, =0,00%L o, =0,001,
i=1,2,3
Graficele de variatie sunt prezentate in fig.6
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Fig. 6 — Variation graphs / Grafice de variafie

85



Vol. 40, No. 2 /2013

CONCLUSIONS

For the normal cardan joint with no technical
deviations:
- in the initial position where, 910 = Qresults 920 :ﬁ;
2
3n . _n
0:? =—+q- 0‘? =

- for @ = 20° :.when 91 covers the interval 0— 360", the
angle HE varies between 0-360"; angle HE varies

between 0+ —2¢ ; angle BZD varies between 0=+ @ ;
For the normal cardan joint with technical deviations
withag =0"and Aga, = 0,00Trad ,when 51 covers the

0-360°, the angle 6,
90-450"; angle &, varies between 26988-270;
angle &, varies between 90-90,06";

interval varies between

The influence of g, and S, deviations over the angles
6,;0;; 8, are insignificant as value.
The variation of angles Agq, i=1,2,3 does not influence

the displacements S, , i=2,3,4.
The displacements S, i=2,3,4. are influenced only by
the value of the g; and S; parameters.

For a = 0°, the variation curves form of the kinematic
parameters are alike.
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CONCLUzII
Pentru articulatia cardanica normala fara abateri
tehnologice:

- In pozitia initialda cénd, 910:0rezulté gg;ﬁ;
2

=g e0=".
2 2

- pentru a = 20°:cand @, parcurge intervalul 0-360,
unghiul 945 variaza intre 0—360"; unghiul HE variaza

intre 0+ —2a ; unghiul HZD variaza intre 0+ q ;
Pentru articulatia cardanicd normald cu abateri
tehnologice cu a =0si Aq, =0,00Tad cand 6,

parcurge intervalul 0—360", unghiul @, variaza intre
90-450"; unghiul @, variaza intre 26988-270 ;
unghiul @, variaza intre 90—-90,06';

Influentele abaterilor g, siS; asupra unghiurilor

8,;6,; 8, sunt nesemnificative ca valoare.

Variatiile unghiurilor Ag, i=1,2,3 nu influenteaza

deplasarile S , i=2,3,4.
Deplasarile Si, i=2,3,4. sunt influentate doar de
variatia parametrilor g, si S .

Pentru a =0°, forma curbelor de variatie a
parametrilor cinematici sunt asemanatoare.
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MANAGEMENTUL SISTEMELOR POLUANTE IN CULTURILE AGRIC OLE
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Abstract: Environmental protection is of major importance
because economic development takes place in the natural
environment in which we are existing and working. According
to the Environmental Protection Law 137/1995, pollution is the
direct or indirect introduction, as a result of activities carried out
by humans, of substances in soil or air that can harm human
society and environment quality. Pollutants can be
characterized according to the source, the aggregation, of
changes determined. Among the elements that characterize a
pollutant analyzed through its interactions with the
environment, the most important are the maximum permissible
concentration, degree of persistence and synergy effects that
trigger when they are together with other pollutants. This article
presents the optimal level of pollution reduction and of losses in
correlation with the benefits and the costs of implementing.

Keywords: agricultural crops, environment, economy, pollution

INTRODUCTION

By the uncontrolled application of pesticides
agricultural crops, occur the following disturbing factors:
= affects trophic chains, endangering species which feed

with insects or rodents eradicated - interference which

then is amplified as a chain reaction;
= favors the appearance of other pests that thrive in the

"released" ecological niche or whose natural enemies

have been killed by pesticides;
= determines genetic mutations at some species, especially

insects or fungi which are becoming resistant to
pesticides action. Thus it is estimated that currently 266
harmful species are resistant to common pesticides;
= destroys the soil by killing the earthworms and of some
microorganisms having essential role in the
incorporation of organic materials in soil;

= pollutes water. In the case of pesticides of
organophosphorus substances type, the pollution
manifests itself by an explosive increase of algae,
which end up "to suffocate" all forms of life from the
respective aquatic biotope.

The negative effects are aggravated by the fact that
some pesticides have periods of extremely high
remanence, being almost non-biodegradable.

To treat the agricultural crops with minimal
environmental impact, in a number of countries have been
introduced environmental marking systems, starting from
their regulation and in the European Union and even at
international level. Through ecological marking it aims the
acquisition of pollutant environmental-friendly products,
determining the increase of companies interest for the
design and achievement of such products.

The ecological marking thus becomes an instrument for
promoting of products that are distinguished by ecological
characteristics, able to influence the buying decision. The
environment management is performed in accordance with
ISO 14011. Application of pollutant products to the
agricultural works is done by some strategic technologies,
according to the scheme shown in Figure 1.

in
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Rezumat: Protecfia mediului ambiant prezintd o importan{a
majord, deoarece dezvoltarea economicd are loc in cadrul
natural in care existdm si ne desfasurdm activitatea. Conform
legii protecfiei mediului 137/1995, poluarea reprezintd
introducerea directd sau indirectd, ca rezultat al unei activitafi
desfasurate de om, de substanfe in sol sau in aer, care poate
produce prejudicii societéfii umane sau calitéfi mediului. Poluanfii
se pot caracteriza in funcfie de sursd, de agregare, de modificari
determinate. Tntre elementele ce caracterizeazd un poluant,
analizat prin prisma interacfiunilor sale cu mediul, cele mai
importante sunt concentrafia maxima admisibild, gradul de
persistenta si efectele sinergice pe care le declangeazd in
momentul in care se afld Impreund cu alfi poluanti. In acest
articol se prezintd nivelul optim de reducere a poludri si a
pierderilor in corelafie cu beneficiile si costurile de aplicare.

Cuvinte cheie: culturi agricole, economie, mediu, poluare

INTRODUCERE
Prin aplicarea necontrolata a pesticidelor in culturi

agricole apar urmatorii factori perturbatori care:

= afecteaza lanturile trofice, punand in pericol specii
care se hranesc cu insecte sau rozatoarele starpite -
perturbatie care se amplifica apoi in lant;

= favorizeaza aparitia altor daunatori care prospera n
nisa ecologica “eliberata” sau ai caror dusmani
naturali au fost ucigi de catre pesticide;

= determind mutatii genetice la unele specii, in special
insecte sau fungi, care devin rezistente la actiunea
pesticidelor. Se apreciaza astfel ca n prezent 266 specii
daunatoare sunt rezistente la pesticidele uzuale;

= distrug solul, prin uciderea rémelor si a unor
microorganisme care au rol esential in Tncorporarea
materialelor organice n sol;

» polueazd apele. In cazul pesticidelor de tip
substante organofosforice, poluarea se manifesta
printr-o crestere exploziva a algelor, care ajung sa
“sufoce” toate formele de viata din biotopul acvatic
respectiv.

Efectele negative sunt agravate de faptul ca unele
pesticide au perioade de remanenta extrem de mari, fiind
aproape nebiodegradabile.

Pentru a trata culturile agricole cu impact ambiental
minim, intr-o serie de tari au fost introduse sisteme de
marcare ecologica, pornind de la reglementarea acestora
si in cadrul Uniunii Europene si chiar la nivel international.
Prin marcarea ecologicd se urmareste achizitionarea
produselor poluante prietenoase cu mediul, determinand
cresterea interesului firmelor pentru proiectarea si
realizarea unor asemenea produse.

Marcarea ecologica devine astfel un instrument de
promovare a produselor care se disting prin caracteristici
ecologice, Tn masura sa influenteze decizia de cumparare.
Managementul de mediu se realizeaza in conformitate cu
standardele 1SO 14011. Aplicarea produselor poluante la
lucrarile agricole se realizeaza dupa unele tehnologii
strategice, conform schemei din figura 1.
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Capacity to exploit the
technologies /
Capacitatea de a
exploata tehnologiile

Technological strategy
considered /
Strategia tehnologica
avutd in vedere

The experience and
confrontation with the practice/
Experienta si confruntarea cu
practica

3]

Fig. 1 - Management of technologies within the application of polluting products to the agricultural works /
Gestionarea tehnologiilor Tn cadrul aplicarii produselor poluante la lucrérile agricole

Thinking the technology from the strategic point of view
means to ask to what extent the technologies applied could
affect in the future the control of environmental protection. A
production unit which possesses a wider range of core
technologies and of specific differentiation, may be more
vulnerable to the attack of some diseases and pests. As the
number of alternative technologies increases, the production
unit vulnerability decreases.

Pollution reduction can be done by mounting in the
tractor exhaust system of the exhaust gases of a catalytic
cartridge that allows the separate evacuation of three types
of most important pollutants from the burnt gases. The
catalytic cartridge is realized based on some noble metals
(Pt, Pd, Rh) integrated on a ceramic support honeycomb
type. The evolution of the catalytic cartridges was classified
according to the filtration percentage of pollutant gases. The
first filter cartridges were of the Euro | type, and at present
the engines are equipped with Euro VI filter cartridges.

MATERIAL AND METHOD

From the researches carried out worldwide results that
the technologies used and the related equipment are
permanently upgrading in order to equip with components
which ensure the compliance of the product dosage per
hectare, in correlation with the impact and increasing the
efficiency of the treatments.

money
hani

bhenefits /
bamneficii

costs / costuri

| optimum / optim

% depollution /
% depoluare

Fig. 2 - Determination of the optimal level of pollution reduction /

Determinarea nivelului optim de reducere a poludrii

Reduction of environmental pollution amplifies the
enterprises expenditure (fig. 2). In this way these become
less competitive. The state has the role to establish a
balance between the two contradictory trends: high costs
for an environment as cleaner as possible and low costs
for the satisfaction of enterprises.

The costs of pollution follows an exponential curve, and
the effects (“the benefits") a logarithmic curve (Fig. 3).
Maximum economic advantages are obtained in the point,
where economically speaking, the difference between the
total benefit achieved and total cost of anti-pollutant
procedures is maximum.

In order to determine the correct correlation between the
economic growth and preservation of the environment
respecting the principles of the sustainable development, must
be taken into consideration the current rhythm of development
and the structuring mode of the world economy, in which the
demand for material resources exceeds the maximum offer
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A géandi tehnologia din punct de vedere strategic
inseamna a te intreba in ce masura tehnologiile aplicate
ar putea afecta 1n viitor controlul protectiei mediului. O
unitate de productie care poseda o gama mai larga de
tehnologii de baza si de diferentiere specifice, poate fi mai
vulnerabila la atacul unor boli si daunatori. Pe masura ce
numarul de tehnologii alternative creste, vulnerabilitatea
unitatii de productie scade.

Reducerea poluarii se poate realiza prin montarea in
sistemul de evacuare a gazelor de esapament la
tractoarele din dotare a unui cartug catalitic ce permite
evacuarea separatd a trei tipuri de poluanti majori din
gazele arse. Cartusul catalitic este realizat pe baza unor
metale nobile (Pt, Pd, Rh) integrate pe un suport ceramic
gen fagure. Evolutia cartuselor catalitice a fost clasificatd in
functie de procentul de filtrare a gazelor poluante. Primele
cartuse filtrante au fost de tipul Euro I, iar in prezent
motoarele sunt echipate cu cartuse filtrante Euro VI.

MATERIAL S| METODA

Din cercetarile efectuate pe plan mondial, rezulta ca
tehnologiile  aplicate si  utilajele aferente se
modernizeaza permanent 1n ideea echiparii cu
componente care sa asigure respectarea dozei de
produs la hectar, in corelatie cu impactul si cregterea
eficientei tratamentelor.

lost money /
bani pierduti
sum of losses /
. suma pierderifor.”
. , P
o e
b

minim

losses hy pollution / depollhtion costs |

- oo

% depollution /
% depoluare

Fig. 3 - Estimation of "losses" due to pollution /
Estimarea “pierderilor” datorate poludrii

Reducerea poluarii mediului amplifica cheltuielile
ntreprinderilor (fig. 2). In felul acesta ele devin mai putin
competitive. Statului i revine rolul de a stabili un echilibru
intre cele doua tendinte contradictorii: costuri mari pentru
un mediu Tnconjurator cat mai curat si costuri scazute
pentru satisfactia intreprinderilor.

Cheltuielile de poluare urmeaza o curba exponentiala,
iar efectele (“beneficiile”) o curba logaritmica (fig. 3).
Avantajele economice maxime se obtin in punctul unde din
punct de vedere economic, diferenta dintre beneficiul total
realizat si costul total al actiunilor antipoluante este maxim.

In vederea determinarii corecte a corelatiei dintre
cresterea economica si conservarea mediului cu
respectarea principiilor dezvoltarii durabile, trebuie luat in
considerare ritmul dezvoltarii actuale si modul de
structurare a economiei mondiale, in care cererea de
resurse materiale depaseste oferta maxima ce poate fi
asigurata de ecosistemele naturale.
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which can be assured by the natural ecosystems.

Being in a permanent evolution, concrete and real in time
and space, the economic growth has to be in balance with the
environmental factors which support it, helping to ensure the
desideratum of sustainable economic development.

To achieve this goal must found the solutions of some
problems such as:

- how high the economic growth can be compared to the
natural resources that it requires, so that the latter to
remain in an ecological equilibrium;

- within what limits and for how long can be maintained
the ecological equilibrium, under conditions in which,
within a national economy, the import and export modify
permanently the size and quality of economic activities.
Thus, it is necessary to respect the limit beyond which

occurs the depletion of natural resources and the ecological

balance disturbance, dynamically evolving.

Estimation of the effects of pollution can be done: at
the polluting companies level, as internalities - represented by
the inclusion of pollutant emissions treatment costs into the
manufacturing costs; at the whole society level, in the form of
externalities - represented by the social costs needed by the
restoring and / or maintaining of environmental quality,
including the health status of the people.

At the level of productive activities is necessary the
internalisation of externalities, because in this way
increases the responsibility of entrepreneurs towards the
environmental issues. In this way it renounces to the idea
that the society as a whole, by subsidies from the budget,
has to bear the anti-polluting cost and shall be established
the principle according to which "polluter pays", under
which it is forced to remedy the issues that have caused
environmental incidents. It is also necessary to be
instituted the legal framework requiring the companies to
transform the externalities in internal environmental costs
of their activities.

Kolm company representatives have introduced and
defined the concept of environmental function (1), as a
way to express the quality of environmental factors,
starting from the reasoning according to which pollution
increases with economic activity.

E=f(Q,B)

Thus, the environmental function (1) can be expressed
generally by the environmental quality index (noted with E)
as a decreasing function, both in relation to gross domestic
product (Q), and for the part of Q allocated to the costs of
environmental protection (more precisely for the defense,
conservation or the amelioration of this (B)). The first order
partial derivatives of the function of environment in relation
to the gross domestic product, respectively in relation to
the allocated expenditure for environmental protection
become: Eq< 0 and Eg > 0. The function itself is not
sufficiently comprehensive, because it does not take into
account neither technical progress (PT) specific to
production activities, materialized in the form of eco-
technologies and nor the production eco-structure (Es),
materialized in the form of a new production structure, occurring
as a result of investments approaches oriented towards
greening the activity and of the entire production process.

Taking into account of these variables, would make that the
first order partial derivatives of the function of environment in
relation to the technical process, respectively with the eco-
structure of production to be Epr> 0 si Egs > 0, respectively the
environmental quality increases with the improvement of
production on the basis of introduction of technical progress
specific to ecological interest, and the production structure
changes to the detriment of branches and sub-branches of
production that degrade the environment.
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Aflata intr-o evolutie permanenta, concreta si reala in timp
si spatiu, cresterea economica trebuie sa se afle intr-un
echilibru fata de factorii de mediu care o sustin, contribuind la
asigurarea dezideratului de dezvoltare economica durabila.

Pentru realizarea acestui deziderat trebuie gasite
solutiile unor probleme cum ar fi:

- céat de mare poate fi cresterea economica in raport cu
resursele naturale pe care le necesita, astfel Tncat
acestea din urma sa raméana intr-un echilibru ecologic;

- in ce limite si pentru cat timp poate fi mentinut echilibrul
ecologic, in conditiile in care, in general, intr-o economie
nationald, importul si exportul modificd permanent
dimensiunea si calitatea activitatilor economice.

Astfel, este necesara respectarea limitei dincolo de
care are loc epuizarea resurselor naturale si perturbarea
echilibrului ecologic, aflat in evolutie dinamica.

Estimarea efectelor polu arii poate fi realizata: la
nivelul companiilor poluatoare, sub forma de internalitdfi -
reprezentate de includerea cheltuielilor de tratare a emisiilor
poluante n costurile de fabricatie; la nivelul intregii societati,
sub forma de externalitéfi - reprezentate de costurile sociale
necesitate de refacerea si/sau mentinerea calitati mediului,
inclusiv a starii de sanatate a oamenilor.

La nivelul activitdtilor productive este necesara
internalizarea externalitdfilor, deoarece in acest mod
creste  responsabilitatea  ntreprinzatorilor fatd de
problemele de mediu. Se renunta astfel la ideea ca
societatea in ansamblu, prin subventii de la buget, trebuie
sa suporte costurile antipoluante si se instituie principiul
conform cdruia “poluatorul plateste”, in baza caruia acesta
este constrans sa remedieze aspectele care au generat
incidente de mediu. De asemenea, este necesar sa fie
instituit cadrul legal care sa oblige firmele sa transforme
externalitatile in costuri ecologice interne ale propriei
activitati.

Reprezentantii firmei Kolm au introdus si definit
notiunea de functie de mediu (1), ca o modalitate de
exprimare a calitatii factorilor de mediu, plecand de la
rationamentul conform caruia poluarea creste odatd cu
activitatea economica.

@

Astfel, functia de mediu (1) poate fi exprimata la modul
general prin indicele de calitate a mediului (notat cu E) sub
forma unei functii descrescatoare, atat in raport cu
produsul intern brut (Q), cat si in raport cu partea din Q
alocata cheltuielilor de protectia mediului (mai exact pentru
apararea, conservarea sau amelioarea acestuia (B)).
Derivatele partiale de ordinul intai ale functiei de mediu in
raport cu produsul intern brut, respectiv in raport cu
cheltuielile alocate pentru protectia mediului devin: Eqg< O
si Ez > 0. Functia ca atare nu este suficient de
cuprinzatoare, deoarece nu ia Tn calcul nici progresul
tehnic (PT) specific activitatilor de productie, materializat
sub forma ecotehnologiilor si nici ecostructura de productie
(Es), materializatd sub forma unei noi structuri de
productie, care apare drept consecintd a demersurilor
investitionale orientate spre ecologizarea activitatii si a
Tntregului proces productiv.

Luarea in calcul a acestor variabile, ar face ca
derivatele partiale de ordinul intai ale functiei de mediu
Tn raport cu procesul tehnic, respectiv cu ecostructura
de productie sa fie Epr > 0 si Egs > 0, respectiv calitatea
mediului creste odatd cu Tmbunatatirea productiei pe
baza ntroducerii progresului tehnic specific interesului
ecologic, iar structura productiei se modifica in
detrimentul ramurilor si subramurilor de productie care
degradeaza mediul.
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The conception according to which environmental protection
is only consuming of Gross Domestic Product was launched
by the authors of the theory The economic dilemma of pollution,
claiming that the environmental protection is a brake on the
economic growth. The hypothesis was invalidated by the
fact that the actions oriented towards environment protection
produce effects favorable to the economic growth through:

e positive influence on the economy manifested at:

- macroeconomic level increases the national
income by improving the health of the population
and implicitly of the quantity and quality of work;
increases the creative life of the population by
reducing the number of premature retirements;

- microeconomic level increases the labor
productivity by improving the working capacity,
diminishing of periods of inactivity, materialized in
medical leaves or professional diseases.

« the positive influence upon the environmental factors,
manifested by:

- preservation of natural resources necessary to
human existence;

- favoring the resource economy, by their complex
using or recycling and recovery of waste.

The productive character which the environment
protection activity has (of maintaining or restoring of the
environmental quality and increasing the added value),
becomes an important element in any economic
development program.

On the other hand, at company level, internalisation of
environmental protection costs is liable to combat with viable
arguments the mentality that the environmental protection is
only consuming of Gross Domestic Product through:

- highlighting the real costs of production;

- triggering the minimization mechanisms of production
costs (necessary strategy in a competitive free market
system);

- maximization of useful results obtained on each unit
cost consumed for environmental protection;

- correlation between technical progress, environmental
progress and economic progress.

Renewing coefficient (replacement and accumulation) of
the technological capital, the volume of investment in relation
to the existing technical capital and the capital replacement
rate (as a result of physical and moral depreciation or of the
technical resources conservation) are part of the elements
that may allow an accurate correlation on the evolution of
some economic structures. The opportunity of approaching
the environmental protection priorities from the perspective of
the types of economic structures could be expressed by
defining of an environmental function, having as arguments
the gross domestic product (Q, with exponential growth) and
the volume of pollutant emissions (Ep, with a logarithmic
growth) compared with the capital technical active fund(k):

—

—

Q=F(k)
Ep =Z(k)

According to function (3), any growth of technical
capital leads to an increase of polluting emissions,
because the polluting process is a continuous one and
therefore cumulative. The pollution occurs even when the
level of technical capital does not change, because this
factor of production incurred in time a physical wear.
Considering the fact that the material goods (any product
obtained as a result of a manufacturing process) may
pollute the environment both during production processes
(through technology and / or technical means of
production), and during the consumption process (by using
the product / good material worn up, became a waste),

90

INMATEH — Agricubtural Engineetin

Conceptia potrivit careia protectia mediului este doar
consumatoare de produs intern brut a fost lansata de
autorii teoriei Dilema economicéd a poludrii, care sustineau
ca protectia mediului constituie o frana Tn calea cresterii
economice. Ipoteza a fost infirmata de faptul ca actiunile
orientate spre protectia mediului produc efecte favorabile
cresterii economice, prin:

* influenfa pozitivd asupra economiei, manifestata la:

- nivel macroeconomic — creste venitul national prin
imbunatatirea starii de sanatate a populatiei si
implicit a cantitatii si calitati muncii; creste durata
de viatd creativd a populatiei prin reducerea
numarului de pensionari premature;

- nivel microeconomic — creste productivitatea muncii
prin imbunatatirea capacitatii de munca, determinand
diminuarea perioadelor de inactivitate, materializate
in concedii medicale sau boli profesionale.

e influenfa pozitivd asupra factorilor de mediu,
manifestata prin:
- conservarea resurselor naturale  necesare

existentei umane;

- favorizarea economiei de resurse, prin utilizarea lor

complexa sau reciclarea si valorificarea deseurilor.

Caracterul productiv pe care il are activitatea de
protectie a mediului (de mentinere ori restaurare a calitatii
mediului si de crestere a valorii adaugate), devine un
element important in cadrul oricarui program de dezvoltare
economica.

Pe de alta parte, la nivel de firm4, internalizarea costurilor
de protectie a mediului este de naturd s& combatad cu
argumente viabile mentalitatea conform careia protectia
mediului este doar consumatoare de produs intern brut prin:

- punerea in evidenta a costurilor reale de productie;

- declansarea mecanismelor de minimizare a

costurilor de productie (strategie necesara ntr-un
sistem concurential de piata libera);

- maximizarea rezultatelor utile obtinute pe fiecare

unitate de cost consumata pentru protectia mediului;

- corelarea progresului tehnic cu progresul economic

si progresul ecologic.

Coeficientul de Tnnoire (inlocuire si acumulare) a
capitalului tehnic, volumul de investitii Th raport cu capitalul
tehnic existent si rata de Tnlocuire a capitalului (ca urmare
a uzurii fizico-morale sau a conservarii mijloacelor tehnice)
fac parte din elementele care pot sa permita o corelatie
corecta asupra evolutiei unor structuri economice.
Posibilitatea de abordare a prioritatilor de protectie a
mediului din perspectiva tipurilor de structuri economice ar
putea fi exprimata prin definirea unei funcfii de mediu,
avand ca argumente produsul intern brut (Q, cu crestere
exponentialda) si volumul de emisii poluante (Ep, cu o
crestere logaritmicad) in raport cu fondul de capital tehnic
activ (k):

@
©)

Conform functiei (3), orice crestere a capitalului tehnic
conduce la o crestere a emisiilor poluante, din cauza
faptului ca procesul de poluare este unul continuu si deci
cumulativ. Poluarea se produce chiar si atunci cand nivelul
de capital tehnic nu se modifica, din cauza faptului ca
acest factor de productie suporta in timp o uzura fizica.
Luand in considerare faptul ca bunurile materiale (orice
produs obtinut ca rezultat al unui proces de fabricatie) pot
polua mediul atat in timpul proceselor de obtinere (prin
tehnologie si/sau mijloace tehnice de productie), cat si in
timpul  procesului de consum  (prin utilizarea
produsului/bunului material uzat, devenit deseu), volumul
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emission volume is expressed by taking into account one
coefficient of environmental pollution for both situations
(production and consumption):

gf - polluting process coefficient due to the process of
production, measured in kg waste / 1000 units Q;

qc - coefficient of pollution due to consumption,
measured in kg waste / 1000 units Q.

In this case, Ep will be expressed cumulatively through the
equation (4), which took into account the total amount of
savings S achieved during the manufacturing process, savings
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emisiilor poluante se exprima ludnd Tn calcul cate un
coeficient de poluare a mediului, pentru ambele situatii
(productie si consum):

gf - coeficient de poluare datorat procesului de
productie, masurat in kg deseu/1000 unitati Q;

gc - coeficient de poluare datorat consumului, masurat
n kg deseu/1000 unitati Q.

In acest caz, Ep se va exprima cumulativ prin relatia
(4), In care s-a luat n calcul si volumul total al economiilor
S realizat in timpul procesului de fabricatie, economii

intended for general investments for development, destinate investitiilor generale de dezvoltare, modernizare
modernization or even of pollution control: sau chiar de combatere a poluarii:
Ep=0afQ+qc(Q- 9 4
or sau
Ep = (qf +qc)Q - qcS ®)

Starting from a known level of pollution determined at
some point D, expressed by the amount of pollutant
emissions (kg pollutant, waste) related to the volume or
area of environments affected by pollution V (m3 for air
and water, respectively km? or ha for soil), one can
determine an evolution of pollution in the form of an
average annual variation of polluting process level, dD/dt,
where it takes into account also the interest in investment
granted to the environment (technical /technological anti-
pollutant investments or to improve the capacity of absorption
[ assimilation of the environment) for reducing it:

dD
dt

where:

h - investment volume coefficient used to prevent

pollution expressed by kg of pollutant, waste / one

monetary unit invested;

Ir - volume of investments for increasing the absorption

capacity of pollution in the natural environment targeted by

pollution, expressed in lei/m®, leilkm? or lei/ha;

0 - capacity of absorption / assimilation associated to

the natural environment;

dt - | (annual time variation).

To determine the economic equilibrium from the
ecological perspective, one will also quantify the average
annual variation of the technical capital, dk/dt, depending on
the rate of saving intended to the technical anti-polluant
investment, sk and of the volume of production of technical
capacities taken out of service as a result of physical or
moral depreciation of technical capital, gk. Therefore:

dk

Pornind de la un nivel cunoscut de poluare determinat
la un anumit moment D, exprimat prin cantitatea de emisii
poluante (kg poluant, deseu) raportata la volumul sau
suprafata mediilor afectate de poluare V (m3 pentru aer gi
apa, respectiv km? sau ha pentru sol), se poate determina
o0 evolutie a poluarii sub forma unei variatii medii anuale a
nivelului de poluare, dD/dt, Tn care se ia in calcul si
interesul  investitional ~acordat mediului  (investitii
tehnice/tehnologice antipoluante sau de Tmbunatatire a

capacitati de absorbtie/asimilare a mediului) pentru
reducerea lui:

E

=P hir-s (6)
\

in care:

h - coeficientul volumului de investitii utilizat pentru
prevenirea poluarii exprimat prin kg poluant, deseu/un
leu investit;

Ir - volumul investitiilor pentru cregterea capacitatii de

absorbtie a poluarii Tn mediul natural vizat de poluare,

exprimat in lei/m®, lei’km? sau lei/ha;

d - capacitatea de absorbtie/asimilare aferenta

mediului natural;

dt - | (variatia de timp anuald).

Pentru determinarea unui echilibru economic, din
perspectiva ecologica, se va cuantifica gi variatia medie
anuala a capitalului tehnic, dk/dt, in functie de rata de
economisire destinata investitiei tehnice antipoluante, sk si
de volumul capacitatilor tehnice de productie scoase din
functiune ca urmare a uzurii fizice sau morale a capitalului
tehnic, gk. Astfel:

_=§<'gk (7)

dt

with dt = 1 (annual variation of time)

An economic and ecological stationary balance could
be achieved when:

- the annual average variation of the level of

pollution is zero, respectively dD = 0;
- the annual average variation of technical capital is
zero, respectively dk = 0.

Analyzing each one of these two situations:

The first condition for achieving of an economic and
ecological stationary equilibrium is represented by the
annulment of the first derivative of the function D, (dD =
0), in the conditions of an annual variation of time (dt = 1),
situation in which the relation (6) becomes:
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cu dt =1 (variatia de timp anuala)
Un echilibru economico-ecologic stationar se va putea
realiza atunci cand:
- variatia medie anuala a nivelului de poluare este
nula, respectiv dD = 0;

- variatia medie anuala a capitalului tehnic este nula,
respectiv dk = 0.
Analizdm pe rand aceste doua situatii:

Prima conditie pentru realizarea unui echilibru
economico-ecologic stationar este reprezentatd de
anularea primei derivate a functiei D, (dD = 0), in conditiile
unei variatii anuale de timp (dt = 1), situatie n care relatia
(6) devine:
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Ep

This relation combined with the savings achieved in the
production process can be addressed in two different
situations:

A. In the event that were not realize economies, (S =0
and s = 0). This means that without some loans, will not be
able to make any kind of investments, and hence hir = 0,
situation in which the relation (8) becomes:

Ep

\%

Introducing into this relation the volume of polluting
emissions according to relation (8), we obtain:
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~hIr-8=0 ®)

Aceasta relatie coroborata cu economiile realizate Tn
procesul de productie, poate fi abordata in doua ipoteze
distincte:

A.n situatia n care nu s-au realizat economii, (S = 0
si s = 0). Aceasta situatie inseamna ca, n lipsa unor
Tmprumuturi, nu se vor putea realiza nicun fel de investitii,
deci si hir = 0, situatie Tn care relatia (8) devine:

-5=0 9
Introducand Tn aceasta relatie volumul emisiilor
poluante conform relatiei (8), obtinem:
(qf+qc)% -0=0or (qf+qc)% =0 (10)

Thus, from relation (10) results the equation that
describes curve of the gross domestic product:

According to relation (11) follows that without investments in
anti-pollutant technical equipment, there is a certain level of the
gross domestic product Q for which operates a particular
absorption capacity of the environment, & corresponding to the
volume or surface of environment affected by pollution V in
relation to the cumulative pollutant effect emerged after the
production, respectively, consumption processes (gf + gc).

B. In the event that was achieved a volume of savings S out
of which were made anti-pollutant investments hir, under the
conditions of the existence relatively constant of the parameters
V, gf and gc (supporting the hypothesis that the volume of
polluting emissions depends directly on the volume of technical
capital in service), will determine the absorption capacity /
accumulation of the environment, starting from the equation (9) in
which is entered Ep according to the relation (11):

o=

Thus, from relation (12) results the equation that
describes curve of the Gross Domestic Product:

Q:

In comparison with the previous hypothesis, in this
situation, according to relation (13), may be seen an
increase of the gross domestic product Q supporting the
capacity to absorb / accumulate the environment following
the introduction of antipollution investments.

Within the Figure 4 was built the equilibrium curve as the
geometric locus of different levels of gross domestic product, for
which the quantity of the emitted pollutant is entirely absorbed by
the environment, taking into account that dD/dt = 0 where dt = 1.

According to the chart, follows that in the area A is
manifested a level of pollution that puts pressure on the
absorption capacity (assimilation) of the environment, over
solicitating it, regardless of the level reached by the gross
domestic product. Comparatively, in the area B the capacity
of assimilation / absorption of the environment copes with the
pollution level being undervaluated, regardless of the level
reached by the gross domestic product.

(df +9c)Q-qcS

Astfel, din relatia (10) rezulta ecuatia care descrie
curba produsului intern brut:

)%
af+qc

11)

Conform relatiei (11) rezultd ca fara investitii in
echipamente tehnice antipoluante, exista un anumit nivel
al produsului intern brut Q pentru care functioneaza o
anumita capacitate de absorbtie a mediului, & aferenta
volumului sau suprafetei de mediu afectata de poluare V in
raport cu efectul poluant cumulativ aparut Tn urma
proceselor de productie si, respectiv, de consum (gf + qc).

B. In situatia in care s-a realizat un volum de economii
S din care s-au facut investitii antipoluante hir, Tn conditiile
existentei relative constante a parametrilor V, gf si gc (care
sustin ipoteza ca& volumul emisiilor poluante este in
dependenta directd cu volumul capitalului tehnic aflat Tn
functiune), se va determina capacitatea de absorbtie /
acumulare a mediului, pornind de la relatia (9) In care
introducem Ep conform relatiei (11):

(12)
v

Astfel, din relatia (12) rezultda ecuatia care descrie
curba Produsului Intern Brut:

oV +qcS
gf +qc

(13)

in raport cu ipoteza anterioard, in aceasta situatie,
conform relatiei (13), se poate constata o crestere a
nivelului produsului intern brut Q care sa sustina
capacitatea de absorbtie/acumulare a mediului ca urmare
a introducerii investitiilor antipoluante.

In cadrul figurii 4 s-a construit curba de echilibru ca locul
geometric al diferitelor nivele ale produsului intern brut, pentru
care cantitatea de poluant emisa este absorbita in totalitate
de mediu, tindnd cont ca dD/dt = 0 in care dt = 1.

Conform graficului, rezulta ca Tn zona A se
manifesta un nivel de poluare care pune presiune pe
capacitatea de absorbtie (asimilare) a mediului,
suprasolicitand-o, indiferent de nivelul atins de produsul
intern brut. Comparativ, Tn zona B capacitatea de
asimilare/absorbtie a mediului face fata nivelului de
poluare, fiind sublicitata, indiferent de nivelul atins de
produsul intern brut.
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~—Q=4aV/ (gf +qc)

D | Q
Zone A/ Zona A /
dD=0—
Zone B / Zona B
0 k

Fig. 4 — Gross domestic product influence on the absorbtion capacity of the environment, correlated with active technical capital fund /
Influenfa produsului intern brut asupra capacitatii de absorbfie a mediului, corelatd cu fondul de capital tehnic activ

The second condition for achieving of economic and
ecological stationary equilibrium is related to the annual
variation of technical capital, illustrated by the relation
dk/dt = 0, namely:

SF(K) - gk =0

or:

SF(K) = gk

From these relations follows that the premises of an
economic and ecological stationary equilibrium will be reached
only when the volume of technical capital put into operation
through an investment sk equals the volume of technical capital
removed from service gk.

Within the figure 5 was constructed the curve for the
annual variation of the technical capital in relation to the active
capital fund, the active technical capital stock appearing as a
curve difference between the curves sk and gk.

From the figure follows that the annual variation of the
technical capital is influenced by two factors, namely:
amount of savings realized for investments (as a natural
tendency of saving) and rate of technical capital removed
from service(as a natural tendency of saving).

A doua conditie pentru realizarea echilibrului
economico-ecologic stationar este legatd de variatia
anuala a capitalului tehnic, ilustrata de relatia dk/dt = O,
adica:

(14)
sau:
(15)

Din aceste relafii rezultd ca premisele unui echilibru
economico-ecologic stationar se vor putea atinge doar
atunci cand volumul capitalului tehnic pus in functiune
printr-o investitie sk egaleaza volumul capitalului tehnic
scos din functiune gk.

In cadrul figurii 5 a fost construitd curba pentru
variatia anuala a capitalului tehnic Tn raport cu fondul de
capital activ, stocul de capital tehnic activ aparand ca o
curba diferenta a curbelor sk si gk.

Din figura rezultd cd variatia anuald a capitalului
tehnic este influentatd de cei doi factori, si anume:
volumul de economii realizate pentru investitii (ca
tendinta fireasca de economisire) si rata scoaterii din
functiune a capitalului tehnic.

dk/de ¢ M
=
BK gk 5
kKdt>0
rom— dijat | di/dt = 0
0

N k

Fig. 5 — Annual variation of the technical capital depending on the fund and the stock of active technical capital /
Variafia anuald a capitalului tehnic n funcfie de fondul si stocul de capital tehnic activ

According to the chart, we have the relation dk/dt > 0
when the volume of the invested capital is greater than the
capital removed from service, that is when sk > gk,
situation appeared as a result of the existence of a saving
process converted into investments, mostly antipollution. In
other words, the process of saving is the one that fosters
and subsequently determines the replacement of technical
capital physically or morally outdated.

In the case in which sk = gk (respectively the variation
dk/dt = 0), the annual variation curve of the technical
capital is represented by the straight MN. If sk < gk
(respectively dk/dt < 0), the annual variation curve of the
technical capital reflects a counterproductive process, of
disinvestment.

When during one year the technical capital fund and the
technical capital stock k are relatively constant, the annual
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Conform graficului, avem relatia dk/dt > 0 atunci cand
volumul capitalului investit este mai mare decat volumul
capitalului scos din functiune, adica atunci cand sk > gk,
situatie aparutd ca urmare a existentei unui proces de
economisire convertit in investitii, majoritar antipoluante.
Cu alte cuvinte procesul de economisire este cel care
favorizeaza si ulterior determina Tinlocuirea capitalului
tehnic depasit fizic sau moral.

Tn cazul in care sk = gk (respectiv variatia dk/dt =
0), curba variatiei anuale a capitalului tehnic este
reprezentatd de dreapta MN. Tn cazul in care sk < gk
(respectiv dk/dt < 0), curba variatiei anuale a
capitalului tehnic reflecta un proces contraproductiv,
de dezinvestire.

Atunci cand pe parcursul unui an fondul de capital
tehnic si stocul de capital tehnic k sunt relativ constante,
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variation of the technical capital becomes zero, dk/dt = 0,
which will determine that in the coordinates represented by
the annual polluting level in relation to the fund and the active
technical capital stock, the annual variation curve of the
technical capital (dk/dt) to be represented by the vertical
straight AN, according to the chart from Figure 6.
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variatia anuald a capitalului tehnic devine nula, dk/dt = 0,
ceea ce va determina ca in coordonatele reprezentate de
nivelul anual de poluare in raport cu fondul si stocul de
capital tehnic activ, curba variatiei anuale a capitalului
tehnic (dk/dt) sa fie reprezentata de dreapta verticala AN,
conform graficului din figura 6.

dk — i

il

0

|9

Fig. 6 - Stationary state of economic - ecological equilibrium /
Starea stafionara de echilibru economico-ecologic

The intersection point A represents the state of stationary
economic and ecological equilibrium when the variation of
technical capital is zero, and the quantities of pollutants arising
from the operation of technical capital at a time are totally
assimilated / absorbed by the environment. Practically, the
point A illustrates graphically the steady state taking into
account the limited capacity for absorption / assimilation of the
environment and supports its improvement.

Important researches are done concerning the plant
protection equipment for the achievement of a treatment
with a coefficient of variation (cv) of the solutions uniformity
per unit of area as small as possible (6-9%). In this respect
are studied the spraying systems, the control systems of
working width by mounting on the aggregation tractors of
some electronic systems (GPS) for the control of the
treated surface and of the working width and are studied
the mechanical systems for mounting of spraying ramps on
the machine framework. Maintaining the spraying ramps in
a stable position against the soil surface imposes their
mounting through a pendular system, of various constructive
shapes in correlation with the achievement of running system
of the machine on air cushions. Besides the possibility of
parallel positioning against the soil surface of spraying ramps
is also used the position of "geo-variable". This constructive
solution allows the independent adjustment of each lateral
section of the ramp related to the ground.

Regarding the equipments for application of polluting
products in vineyard and orchard is used equipment with
hydraulic spray with carried jet or with pneumatic spray.
The most important element of this equipment is the air
flow adjustment and of spraying system in correlation with
the characteristics of the crop to reduce the losses of
pollutants on soil and increasing of the coefficient (R) of
droplets retention on plants. The best values of R fit in
percentages between 60-70% of the volume of norm of
solution applied and retained on the foliar system of the
plants. Maintaining of the coefficient R as close to the
application of the entire volume of solution depends also
on the type of spraying equipment and of its performance.

By repeated experimentations, it was found a direct
correlation between the covering degree of foliar apparatus
and the biological effect of treatment.

RESULTS
In order to solve the environmental problems, even in a
hypothetical approach, can be expected two directions:
= ensuring equality between the rate of absorption / assimilation
of wastes by the environment and the wastes resulting from
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Punctul de intersectie A reprezinta starea echilibrului
economico-ecologic  stationar atunci cand variatia
capitalului tehnic este nula, iar cantitatile de poluanti care
apar ca urmare a functionarii capitalului tehnic la un
moment dat sunt in totalitate asimilate/absorbite de
mediu. Practic, punctul A ilustreaza grafic starea de
echilibru care ia Tn considerare capacitatea limitata de
absorbtie/asimilare a mediului si sustine imbunatatirea ei.

Cercetari importante se fac asupra utilajelor de
protectie a plantelor pentru realizarea unui tratament cu un
coeficient de variatie (cv) al uniformitatii solutiilor pe
unitatea de suprafata cat mai mic (6-9%). In acest sens se
studiaza sistemele de pulverizare, sistemele de control al
Iatimii de lucru prin montarea pe tractoarele de agregare a
unor sisteme electronice (GPS) pentru controlul suprafetei
tratate si a latimii de lucru si se studiaza sistemele
mecanice de montare a rampelor de pulverizare pe cadrul
maginii. Mentinerea rampelor de pulverizare intr-o pozitie
stabila fata de suprafata solului impune montarea acestora
printr-un sistem pendular, de diverse forme constructive n
corelatie cu realizarea sistemului de rulare a utilajului pe
perne de aer. Pe langa posibilitatea de pozitionare paralela
fatd de suprafata solului a rampelor de pulverizare se
utilizeaza si pozitia de “geo-variabil”. Aceastad solutie
constructiva permite reglarea independenta a fiecarui
tronson lateral al rampei fata de sol.

n ceea ce priveste utilajele pentru aplicarea produselor
poluante in vie si livada se folosesc utilaje cu pulverizare
hidraulica cu jet purtat sau cu pulverizare pneumatica.
Elementul cel mai important la aceste utilaje este reglarea
debitului de aer gi a sistemului de pulverizare in corelatie
cu caracteristicile culturii pentru a reduce pierderile de
poluanti pe sol si cregterea coeficientului (R) de retinere pe
plante a picaturilor. Cele mai bune valori ale lui R se
incadreaza in procente cuprinse intre 60-70% din volumul
normei de solutie aplicata si retinutd pe aparatul foliar al
plantelor. Mentinerea coeficientului R cat mai apropiat de
aplicarea ntregului volum de solutie este in functie si de
tipul utilajului de stropit si de performantele acestuia.

Prin experimentari repetate, s-a constatat o corelatie directa
ntre gradul de acoperire al aparatului foliar si efectul biologic al
tratamentului.

REZULTATE
Pentru a putea rezolva problemele de mediu, chiar si intr-o
abordare ipotetica, se pot preconiza doua directii:
= asigurarea egalitati dintre rata de absorbtie/asimilare a
deseurilor de catre mediu si deseurile rezultate din
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the economic activity implying a post-treatment of production /

consumption wastes, so that they become perfectly

assimilable (qualitative and quantitative) in the environment;

= ensuring of a parity between the economic development and
the environmental degradation (inputs = outputs), which in
microeconomical terms involves the use of only those types of
technologies which do not generate any kind of wastes /
residues, and in macroeconomical terms assumes the
integral development of the industry exclusively based on
the use of clean / non-polluting technologies.

At a microeconomic level, the approach of an alternative
or another is possible when the technologies applied are new
or continuously improved and when there are financial
availabilities for their acquisition.

However, at both micro and macroeconomic level, the
decision to invest in non-polluting technologies depends primarily
of the vision of the economic agents management on the
technological approach of productive organization, in accordance
with the principles of a sustainable development of production.

Thus it reaches to a clean technology that can be, as it was
defined within the European Union since 1985, a technology
newly created when since from designing was modified radically
the manufacturing process or a technology appropriately modified
at the level of the existing manufacturing process, so that to
isolate, eventually to minimize and reuse the secondary products
which appear and which otherwise would lose.

The clean technology objectives stated two years later into
the same EU Commission are:

- reducing the amount of pollutant substances discharged to
air, water and soil;

- reducing the quantties of waste produced in the
manufacturing process;

- reducing consumption of raw materials, water and energy.

In 1994 the U.N. gave a much broader definition to the
clean technology, supposing the continuous improvement
of industrial processes and products, to reduce the use of
material and energetic resources, in order to prevent the
air, water and soil pollution, to reduce the appearance of
wastes and to minimize the risks at which are subjected
the human population and the environment.

CONCLUSIONS
In order to apply the management of polluting systems to the

agricultural crops, can be drawn the following conclusions:

- according to the Law 137/1995 of environmental protection the
poliution represents the introduction directly or indirectly, arising
from an activity performed by human, of substance that may
disturb the human society or the environment quality;

- application of polluting products at the agricultural works is
done by technologies that can not affect now and in the
future the quality of the environment;

- from the national and international researches it follows
that the technologies for the application and related
equipment are constantly modernizing;

- compliance with the product dosage per hectare correlated
with the treatment type and the characteristics of the crop
represents an organizational problem of high importance;

- the spraying systems have elements for positioning
towards the treated crop;

- correlating the tractors power with the characteristics of the
agricultural equipment leads to the reduction of fuel
consumption, and by installing of catalytic converters in the
evacuation circuit of combustion gases it reduces the pollution.

- the agricultural equipment used within these technologies
is in permanent modernization by equipping it with
electronic elements for the control of the treated surfaces
in correlation with the applied norm;
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activitatea economica ceea ce presupune O post-tratare a
deseurilor de productie/consum, astfel ca acestea sa devina
perfect asimilabile (calitativ si cantitativ) Th mediu;

= asigurarea unei paritati Intre dezvoltarea economica i
degradarea mediului (intrari = iesiri), ceea ce n termeni
microeconomici implica utilizarea doar a acelor tipuri de
tehnologii care nu genereaza niciun fel de deseuri/reziduuri,
iar Tn termeni macroeconomici, presupune dezvoltarea
integrala a industriei exclusiv pe baza utilizarii de tehnologii
curate/nepoluante.

La nivel microeconomic, abordarea unei alternative sau
a alteia este posibila atunci cand tehnologiile aplicate sunt
noi sau continuu Tmbunatatite si cand exista disponibilitatile
financiare pentru achizitionarea acestora.

Totodata, atat la nivel microeconomic, cat si la nivel
macroeconomic, decizia de a investi I tehnologii nepoluante
depinde in primul rand de viziunea managementului agentilor
economici asupra abordarii tehnologice a organizatiei productive,
n conformitate cu principiile unei dezvoltari durabile a productiei.

Se ajunge astfel la o tehnologie curat &, care poate fi, asa
cum a fost definita Tn cadrul Uniunii Europene inca din 1985, o
tehnologie nou creata atunci cand inca din proiectare s-a
modificat radical procedeul de fabricatie sau o tehnologie
modificatéd corespunzator la nivelul procedeului de fabricatie
existent, astfel incat sa izoleze, eventual sa minimalizeze si sa
reutilizeze produsele secundare care apar si care altfel s-ar pierde.

Obiectivele tehnologiei curate precizate doi ani mai tarziu in
cadrul aceleiasi Comisii a Uniunii Europene sunt:

- reducerea cantitatilor de substante poluante deversate in
aer, apa si sol;

- reducerea cantitatilor de deseuri produse in procesul de
fabricatie;

- reducerea consumurilor de materii prime, apa si energie.

Tn 1994 ONU a dat o definitie mult mai larga tehnologiei
curate, care presupune Tmbunatatirea continua a
proceselor industriale si a produselor, pentru a reduce
utilizarea resurselor materiale si energetice, in scopul de a
preveni poluarea aerului, apei, solului, a reduce aparitia
deseurilor si a minimiza riscurile la care este supusa
populatia umana si mediul.

CONCLUZzII
In vederea aplic&ri managementului sistemelor poluante Tn

culturile agricole, rezulta urmatoarele concluzii:

- conform Legii de protectie a mediului 137/1995 poluarea
reprezinta introducerea direct sau indirect, ca rezultat al unei
activitati desfasurate de om, de substanta care poate
produce perturbatii societatii umane sau calitatii mediului;

- aplicarea produselor poluante la lucrarile agricole se
realizeaza dupa tehnologii care nu pot afecta in prezent si
in viitor calitatea mediului;

- din cercetarile pe plan national si mondial rezulta ca
tehnologiile de aplicare si utilajele aferente se
modernizeaza permanent;

- respectarea dozei de produs la hectar corelat cu tipul
tratamentului si caracteristicile culturii reprezinta o problema
organizatorica de mare importanta;

- sistemele de pulverizare au elemente de pozitionare fata
de cultura tratata;

- corelarea puterii tractoarelor cu caracteristicile utilajelor
agricole conduce la reducerea consumului de
combustibil, iar prin montarea catalizatorilor in circuitul
de evacuare a gazelor de ardere se reduce poluarea;

- utilajele agricole folosite in cadrul acestor tehnologii sunt in
permanenta modernizare prin echiparea lor cu elemente
electronice de control a suprafetei tratate in corelare cu
norma aplicata;
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MONITORING SOLAR RADIATION INTENSITY WITH SUN-EARTH ANGLE IN THE YEAR 2011
IN THE NORTH WEST OF BUCHAREST

/

MONITORIZAREA INTENSITZ\,TII RADIATIEI SOLARE IN ANUL 2011 IN PARTEA DE NORD-
VEST A ORASULUI BUCURESTI CU AJUTORUL UNGHIURILOR S OARE-PAMANT
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Abstract: . In this paper is monitored the intensity of solar
radiation by the meteorological station based on solar
radiation intensity and are calculated: intensity of diffuse
radiation, direct radiation intensity, declination angle, hour
angle, zenith angle, azimuth angle. The weather station
type: AWS / EV is a product born from the need to
frequently monitor the environment variables. Use of
appropriate mathematical algorithm that we presented in
this paper for determining sun-earth angle makes it
possible to accurately follow the sun in the sky.

The results of this monitoring solar radiation intensity,
allow interpretations that can be exploited to determine the
local potential of solar energy utilization. The efficiency of
a solar collector (of thermal or PV panel type) can be
meaningfully increased if the collector is tracked in
accordance with the sun so that the incidence angle
(angle between the sun ray and the perpendicular line on
the collector's plane) becomes null or very small.
Achieving this requirement involves modeling the Sun-
Earth angle, which must be accurate, relatively simple to
achieve.

Keywords: global, direct and diffuse radiation,
declination angle, hour angle, zenith angle, azimuth
angle.

INTRODUCTION

The sun is the Earth's energy source and is the only
energy source able to maintain life on Earth. The sun is an
inexhaustible source of energy, with an estimated duration
of solar radiation of about 4...5 billion of years. Sun is not
only the source of life on earth but also an important
source of energy.

Global radiation from the Sun arrives on a horizontal
surface at ground level in a clear day, as the sum of direct
radiation and diffuse radiation. Direct solar radiation
depends on the orientation of surface receivers.

In the proper design of buildings and/or other systems
with the energy of the sun, solar radiations models
suitable to reality are required.

Extraterrestrial solar radiation can be described, in a
deterministic way, for any space and time position on
earth, as a function of the sun-earth distance, the earth’s
inclination and the sun’s zenith angle. The ground-level solar
radiation is attenuated by atmosphere conditions, clouds
distribution, climate type etc. So, for a given constant
spatiotemporal position, the ground-level radiation is very
difficult to predict. However, some statistical approximations
for a specific period of the year can be carried out. [1]

MATERIAL AND METHOD

Global solar radiation intensity G in the horizontal
plane was monitored by the weather station type: AWS
| EV of the Faculty of ISB the U.P.B. SIAP + MICROS
Geco program version 2.3.2 which automatically
records the following parameters: atmospheric
temperature, wind direction and speed, atmospheric
humidity, solar radiation, rainfall.
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Rezumat Tn aceastd lucrare, am monitorizat intensitatea
radiafiei solare de cétre stafia meteorologicd, pe baza
intensitafii radiafiei solare am calculat: intentistatea
radiafeia difuze, intensitatea radiafiei directe, unghiul de
declinafie, unghiul orar, unghiul zenit, unghiul azimut..
Stafia meteo tip: AWS/EV monitorizeaza frecvent
variabilele de mediu. Utilizarea algoritmului matematic
adecvat pe care l-am prezentat in lucrare pentru
determinarea unghiurilor soare-pdméant, face posibild
urmdrirea cu exactitate a soarelui pe bolta cereasca.

Rezultatele acestui studiu de monitorizare a
intensitafii radiafiei solare, permit interpretdri care pot fi
valorificate Tn vederea stabilirii potentialului local de
utilizare a energiei solare. Eficienfa unui colector, poate fi
semnificativ crescutd in cazul in care colectorul este
amplasat in conformitate cu soarele astfel incat unghiul
de incidentd (unghiul dintre raza de soare si linia
perpendiculard pe planul colector) devine nul sau foarte
mic. Realizarea acestei cerinfe presupune o modelare a
unghiurilor Soare-Paméant, care trebuie s& fie corecte,
relativ simplu de realizat.

Cuvinte cheie: intensitatea radiafiei directe si intensitatea
radiafiei difuze, unghiul de declinafie. unghiul orar, unghiul
zenith, unghiul azimuth

INTRODUCERE

Soarele este sursa de energie a Pamantului si este sursa
de energie posibila de a mentine viata pe Pamant. Soarele
este 0 sursa inepuizabila de energie, cu o durata estimata a
radiatiei solare de aproximativ 4...5 miliarde de ani. Soarele
nu este doar sursa de viatd de pe paméant, este de
asemenea, 0 sursa importanta de energie.

Radiatia solara directa depinde de orientarea de
receptoare de suprafatd. Radiatia globala de la Soare
ajunge pe o suprafata orizontala, la nivelul solului intr-o zi
ca suma de radiatie directa si difuza.

n proiectarea corecta a cladirilor si / sau alte sisteme
cu energie de la soare, sunt necesare modelari ale
radiatiei solare.

Radiatia solara extraterestra poate fi descrisa, in
functie de distanta Soare-Pamant, inclinatia pamantului
si unghiul zenit. Radiatia solara la nivelul solului este
atenuata de conditiile de atmosfera, de prezenta
norilor, etc Deci, pentru o pozitie constanta acordata
spatiotemporal, radiatia la nivelul solului este foarte
dificil de prezis. Cu toate acestea, unele aproximari
statistice pentru o anumita perioada a anului poate fi
efectuata [1].

MATERIAL S| METODA

Intensitatea radiatiei solare globale G, n plan
orizontal a fost monitorizata cu Statia meteo: AWS/EV de
la Facultatea de ISB, cu programul SIAP MICROS Geco
versiunea 2.3.2 programul inregistreaza automat urmatorii
parametrii: temperatura atmosferica, directia si viteza
vantului, umiditatea atmosferica, radiatia solara, cantitatea
de precipitatii.
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RESULTS REZULTATE

Based on global radiation intensity, were calculated Pe baza intensitatii radiatiei globale Tnregistrate, am calculat
diffuse and direct components of solar radiation. componentele difuza si directa ale intensitatii radiatiei solare.

Figure 1 shows the proportion of diffuse radiation Figura 1 prezintd proportia de intensitati de radiatii
intensity and direct radiation in global radiation. difuze si intensitati de radialtii directe in radiatia globala.

It is interesting to note that the intensity of diffuse Este interesant de observat ca intensitatea radiatiei
radiation is rather high compared with direct radiation. difuze are o pondere ridicatda comparativ cu intensitatea

Based on Weather Station Record, 24 hours of 24, in radiatiei directe. Bazat pe inregistrarea statiei meteo 24 de
year 2011, was found a diffuse radiation to be equal to ore din 24 in anul 2011, am presupus intensitatea radiatiei
one fifth of the value of global radiation, and direct difuze egala cu o cincime din valoarea intensitatii radiatiei
radiation is the difference between global and diffuse globale, iar intensitatea radiatiei directe este diferenta

radiation.According to equation (1) intre globala si difuza. Conform ecuatiei (1),
Where: D - is diffuse radiation intensity; D — este intensitatea radiatiei difuza;
G - global or total radiation intensity G - intensitatea radiatiei globala sau totala
B - direct radiation intensity B — intensitatea radiatiei directa
p=2B=G-D ®
5
In figure 2 we presented the variation of global in figura 2, am prezentat variatia radiatiei globale
radiation recorded by the weather station in July 2011. inregistrata de statia meteo in luna iulie 2011. Se observa
Note that the value of global radiation was high on July 2, ca valoarea radiatiei globale a fost maxima in data de 02
2011 at 13, with a value of 960 W/m?. iulie 2011 la ora 13, avand valoarea de 960 [W/m?].
Based on measured and calculated values of global, Pe baza valorilor masurate si calculate de radiatie

diffuse, direct radiation from January 2011 — December globala, difuza, directe din ianuarie 2011-decembrie 2011
2011 it was graphically represented Figure 4. It is noted am reprezentat grafic figura 4. Se observa ca valoare
that large amounts of global radiation were recorded on mare a radiatiei globale s-a inregistrat pe 24 mai la ora 14,
May 24 at 2 o’clock p.m, with a value of 983, on June 18, avand valoarea de 983, in data de 18 iunie, ora 13 a fost
at 1 o’clock p.m was the highest value of global radiation Tnregistratd cea mai mare valoare a radiatiei globale din
from 2011, namely of 1017 [W/mz]. anul 2011 aceasta fiind de 1017 [W/mz].
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Valoarea medie a intensitatii radiafiei globale, directe gi difuze Th anul 2011

Even in clear sky conditions, the radiation that reaches
earth's surface in all directions from the diffusion
phenomena, known as diffuse radiation, is 5...15% of the
flux of solar radiation that reaches Earth's surface without
being affected by this phenomenon, called direct radiation.
Together, direct and diffuse radiation, represent the so
called total or global radiation.

In Figure 3 is shown the correlation between
components: global, direct, diffuse of radiation, the global
component of the weather station being recorded at the
Biotechnical Faculty Engineering Bucharest.

Calculation of angles

To determine the position of collector of solar radiation
from the sun so the yield be maximum, the following angles
are important :0, - zenith angle and solar azimuth angle ys
(in figure 4 are the ys solar azimuth, elevation angle of the
sun zenith angle a and hour angle w) [2]

The calculation of these angles is done using mathematical
formulas. Formula for the zenith angle is given by:

Cosé =singsind + coS¢ CoSO COSk

where @ is a constant depending on the place where weather
station is positioned to Bucharest, the latitude is 445N and longitude
26°244", & is the declination, and w is the angle zone.

Angle B of the plan: It has values between 0 < 3 <
180° Azimuth angle vy is: the angle of projection on the
horizontal plane perpendicular to the sensor surface and
the local meridian. Is 0 when the sensor plane is oriented
to the south, is negative when oriented to east and positive
when is orientated to west. Solar azimuth angle ys: is the
angle between the south and the horizontal projection of
direct radiation, as sun height angle: the angle of the
sunlight falling on the sensor and the horizontal plane.

This angle depends on the latitude of the place of
capture @, the declination angle & and w time.
Relationship calculation is:

sina g = sind [sin®+ cosd [cos®[ cosw = cos0,

Zenith angle 6; is the angle between vertical and solar
ray falling on the sensor. In other words it is the
complementary angle as.

Angle zone w: determines the position of the sun in the
sky at a certain moment. Is O when the sun passes over
the local meridian corresponding to point of the sensor
location. This angle is positive to the east and negative to
the west.

In one hour the sun crosses the sky with a 15° angle
and its position at any time (T) is determined by the
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Chiar in conditii de cer senin, radiatia care ajunge la
suprafata paméantului, in toate directile datorata
fenomenelor de difuzie, cunoscuta sub numele de radiatie
difuza, este de 5...15 % din fluxul de radiatie solara care
ajunge la suprafata pamantului, o alta radiatie fara a fi afectata
de acest fenomen, este numita radiatie directd. Tmpreuna,
radiatia directa si difuza reprezinta radiatia totala sau globala.

Tn figura 3 este prezentata corelatia intre componentele:
globale, directa, difuza ale radiatie, componenta globala a
fost inregistratda de statia meteo de la Facultatea de
Ingineria Sistemelor Biotehnice Bucuresti.

Calculul unghiurilor
Pentru a determina pozitia captatorului de radiatii solare

fata de soare astfel incat randamentul sau sa fie maxim
sunt importante urmatoarele unghiuri: azimutul solar ys (in
figura 4 sunt azimutul solar ys, unghiul de inaltare a soarelui
0s Si 8, unghiul zenith, unghiul orar w) [2].

Calculul acestor unghiuri se face folosind formule
matematice. Formula pentru unghiul zenit este:

@

unde ® este o constanta in functie de locul unde este
amplasata statia meteo latitudinea este 44°5'N si
longitudinea 2602‘44”, 6 este unghiul de declinatie, w
unghiul orar.

Unghiul de inclinare a planului $ are valori cuprinse ntre O
< < 180°. Unghiul azimutal y: este unghiul dintre proiectia pe
planul orizontal a perpendicularei pe suprafata captatorului i
meridianul local. Are valoarea 0 cand planul captatorului este
orientat spre sud, este negativ cand are orientarea spre est i
pozitiv cand are orientarea spre vest, unghiul de azimut solar
Ys: este unghiul dintre directia sud si proiectia pe planul orizontal
a radiafiei directe, unghiul de naltime a Soarelui as: este unghiul
dintre directia razei solare ce cade pe captator si planul orizontal.

Acest unghi depinde de latitudinea locului de captare
®, de declinatia & si de unghiul orar w. Relatia de calcul
este:

@

Unghiul zenital 6,: este unghiul dintre verticala si raza
solara ce cade pe captator. Altfel spus este unghiul
complementar a lui as.

Unghiul orar w: determina pozitia Soarelui pe bolta
cereasca in momentul dat. Are valoarea 0 Tn momentul in
care Soarele trece meridianul local corespunzator
punctului de amplasare al captatorului. Acest unghi este
pozitiv spre est (la rasarit) si negativ spre vest (la asfintit).

intr-o or& Soarele traverseaza bolta cereasca cu un
unghi de 15°, iar pozitia lui la orice ora (T) se determina cu
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relationship:

w=15[(12-T)

If the angle of declination, latitude and time angle are
known, can be determined the Sun position by calculating
the Sun high angle and solar azimuth angle, applying the
above calculation relations.

The angle between the direction to the Sun in the place
of capture and equatorial plane is called declination &.

Formulas for calculating the angle of declination:
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relatia:
(©)

Daca sunt cunoscute unghiul de declinatie, latitudinea si
unghiul orar se poate determina pozitia Soarelui pe bolta
cereasca calculand unghiul de inaltime a Soarelui si unghiul de
azimut solar, aplicand relatiile de calcul prezentate mai sus.

Unghiul dintre directia spre Soare din locul de captare
si planul ecuatorial se numeste declinatia .

Relatiile de calcul a unghiului de declinatie &, sunt:

5 = 234503 n(seo 84+ ”) (4)
5 = 23455 n(360(n—80)) )
365

where n is the day of the year when the measurements were
taken: n = 30,416 (I-1) + x, In which | O (1.....12): it is the
month of the year; x — number of days in that month.

Based on the mathematical algorithm described above,
the results are presented in the graph in Figures 5-10.

According to relations (4, 5) and Figure 5 and 6 the
angle of declination is dependent on the day the
measurements of solar radiation were made. In Figure 5 are
represented the declination angle values in July 2011 and in
Figure 6 are represented the minimum and maximum declination
angle values based on statistical analysis in 2011.

From figure 7 is observed as shown in literature of
specialty [4, 5] that time angle values are positive in the
morning and negative after twelve o'clock.

According to Figure 10, azimuth angle y is 0 when the
plane collector faces south and is positive when it has west
orientation.

unde n este ziua din an Tn care au fost luate masuratorile.
n = 30,416 (I-1) + x, | O (1.....12) luna din an; x — numarul
zilei din luna.

Pe baza algoritmului matematic, descris am prezentat
rezultatele in figurile 5-10.

Conform relatiilor (4, 5) si figurilor 5 si 6 valoarea unghiului
de declinatie este dependenta de ziua n in care au fost facute
masuratorile intensitatii radiatiei solare. Tn figura 5 sunt
reprezentate valoarile unghiului de declinatie in luna iulie 2011
iar In figura 6 sunt reprezentate valorile minime si maxime ale
unghiului de declinatie pe baza analizei statistice in anul 2011.

Din figura 7 se observa asa cum reiese si din
literaturade specialitate [4, 5] ca valorile unghiului orar sunt
pozitive dimineata si negative dupa amiaza.

Conform figurii 10, unghiul azimutal y are valoarea 0
cand planul captatorului este orientat spre sud si valori
pozitive cand are orientarea spre vest.

Z: Zenith

Fig. 4 - Trajectory of the sun in the sky- important angles /
Reprezentarea unghiurilor de stabilire a pozitiei Soarelui pe bolta cereasca [3]
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Fig. 7 - The variation of the hour angle in July 2011 / Variafia unghiului orar in luna iulie 2011
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Variafia valorilor minime si maxime ale unghiului de declinafie in anul 2011
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Fig. 10 - Azimuth angle in July 2011/ Unghiul azimut in luna iulie 2011

CONCLUSIONS

Using mathematical algorithm presented in this paper
to determine the sun-earth angle (angle of declination,
zenith angle, Solar azimuth), makes it possible to
determine the position of collector of solar radiation from
the sun so that its efficiency is maximum.Based on
mathematical algorithm, we determined the values of
these angles for 2011 and we plotted the values of
angles for July, month when was recorded maximum
solar radiation and minimum and maximum values for the
whole year.

The results of this study of monitoring the intensity of
solar radiation, allow interpretations that can be capitalized
for the purposes of determining the local potential of using
solar energy. To complete this study, it takes longer to
monitor the intensity of solar radiation.
Solar energy is the gateway to a new era, with its use in
heating, resulting in reduction of environmental pollution.

The efficiency of a solar collector (of thermal or PV
panel type) can be meaningfully increased if the collector
is tracked in accordance with the sun so that the incidence
angle (angle between the sun ray and the perpendicular
line on the collector’'s plane) becomes null or very small.
The achievement of this requirement supposes a
modelling of the Sun-Earth angles that have to be
accurate, relatively simple.
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CONcCLuzIl

Utilizarea algoritmului matematic prezentat in lucrare,
pentru determinarea unghiurilor soare-pamant (unghiul de
declinatie, unghiul zenit, azimutul solar), face posibila
determinarea pozitiei captatorului de radiatii solare fata de
soare astfel incat randamentul sau sa fie maxim. Pe baza
algoritmului matematic, am determinat valorile acestor
unghiuri pentru anul 2011 si am reprezentat grafic valorile
unghiurilor pentru luna iulie, luna in care s-a inregistrat
valoarea maxima a intensitatii radiatiei solare, precum si
valorile minime si maxime pe intreg anul.

Rezultatele acestui studiu de monitorizare a intensitatii
radiatiei solare, permit interpretari care pot fi valorificate in
vederea stabilirii potentialului local de utilizare a energiei
solare. Pentru a finaliza acest studiu, este nevoie de mai mult
timp de monitorizare a intensitatii radiatiei solare. Energia
solara este poarta catre o noua era, cu utilizarea acesteia in
sistemele de ncalzire, rezultand reducerea poluarii mediului.

Eficienta unui colector solar (de tip panou termic sau
PV), poate fi semnificativ crescuta in cazul in care
colectorul este amplasat in conformitate cu soarele astfel
incét unghiul de incidenta (unghiul dintre raza de soare si
linia perpendiculara pe planul colector) devine nul sau
foarte mic. Realizarea acestei cerinte presupune o
modelare a unghiurilor Soare-Pamant, care trebuie sa fie
corecte, relativ simplu.
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Multumirile catre oameni, cei care au acordat burse,
fonduri, etc., trebuie sa fie scurte (daca este necesar).

Tabelele trebuie mentinute la un nivel minim gi sa fie
proiectate pentru a fi cat mai simple posibil. Tabelele vor fi
scrise la un rand, inclusiv titlurile si notele de subsol.
Fiecare tabel trebuie scris pe intreaga latime a paginii,
intre textul Tn care se face trimitere; coloanele sunt
eliminate - o singura coloana (vezi atasat modelul).
Tabelele trebuie sa fie auto-explicative, fara referire la text.
Detaliile cu privire la metodele utilizate in experimente
trebuie sa fie, de preferinta, descrise in legenda si nu in
text. Aceleasi date nu trebuie prezentate atat in tabel cat si
sub forma grafica (decat daca este absolut necesar) sau
repetate n 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 inh ordine numerica. Grafica trebuie
realizata utilizAnd aplicatii capabile sa genereze JPEG de
inalta 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 programme 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]. VIadut V (2009) — Study of threshing proces in axial
flow apparatus, Editura "Terra Nostra"Publishing, ISBN
973-1888-26-8, lasi - Romania.

Book Chapter:

[1]. Viadut V (2009) — Considerations and hypotheses on
modelling a threshing and separation process In: Study of
threshing proces in axial flow, Editura "Terra Nostra" Publishing,
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 incat figura sa poata fi inteleasa, fara citirea textului
din manuscris. Informatiile furnizate in legende, nu trebuie
repetate Tn text. Fiecare figura trebuie introdusa pe
intreaga latime a paginii, in text, acolo unde se face
referire, o singura coloana (vezi atasat esantion), centrat.
Lasati un spatiu intre figura si textul figurii, marimea: 3 pt.;
numarul figurii va fi scris cu bold, 8 pct., centrat, urmat de
ceea ce reprezinta figura sau graficul, scris cu 8 pt.,
normal. Prima datda 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 tiile: 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 atasat
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 Tn
ordine alfabetica. Articole in curs de pregatire sau articole
trimise spre publicare, observatiile nepublicate, comunicarile cu
caracter personal, etc, nu trebuie incluse Tn lista de
referinta, dar pot fi mentionate in textul lucrarii (exemplu,
A. Danciu, Universitatea din Bucuresti, Romania,
comunicare personald). Autorii sunt pe deplin responsabil
pentru exactitatea referintelor.

Exemple:
Jurnal / 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, Birig S, Vladut V, Imbrea F,
Petroman C (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on Agricultural
Engineering "Actual Tasks on Agricultural Engineering",
Opatija - Croatia, ISSN 1333-2651, pag. 177+184.

Carte

[1]. Viadut V (2009) - Studiul procesului de treier in
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Romania.

Capitol din carte

[1]. Vviadut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. In: Studiul
procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
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Dissertation / Thesis:

[1]. Constantinescu A (2010) — Optimization of aggregates
of high power tractors and agricultural machines for
preparing the field to be sown. PhD dissertation, University
of Transylvania Brasov, Bragov, Romania.

Units, Abbreviations, Acronyms

Units should be metric, generally Sl, 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 masini agricole pentru
pregétirea terenului in vederea insdmantarii. Teza de doctorat,
Universitatea Transilvania Bragov, Brasov, Romania.

Unitati, Abrevieri, Acronime

unitatile metrice trebuie sa fie, In general, SI, si
exprimate n forma prescurtata standard;
acronimele pot fi acceptate, dar trebuie sa fie
definite la prima utilizare.

2._COMUNICARILE SCURTE

Comunicarile scurte sunt limitate la maxim 2 figuri si un
tabel. Acestea trebuie sa prezinte un studiu complet, care
este mai limitat decat in cazul articolelor normale (de
dimensiuni mai mari). Elementele de pregatire a articolelor
normale (manuscriselor) enumerate mai sus se aplica si la
comunicarile scurte, cu urmatoarele diferente: (1) Rezumatul
este limitat la 100 cuvinte; (2) capitolele Materiale si
Metode, Procedurile experimentale pot fi scrise impreuna,
incorporand figurile si tabelele; (3) Rezultatele si
Concluziile pot fi combinate intr-o singura sectiune.

SINTEZELE

Sintezele, comentariile si perspectivele acoperind subiecte
de interes din domeniu sunt incurajate si acceptate spre
publicare. Sintezele trebuie sa fie concise si nu mai mari 8
pagini. Toate celelalte conditii sunt similare cu cele de la
articolele normale (obisnuite), enumerate mai sus.
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