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TECHNICAL EQUIPMENT ENDOWED WITH WORKING PARTS FOR PREPARING THE SOIL
AND SOWING STRAW CEREALS

/

ECHIPAMENT TEHNIC CU ORGANE DE LUCRU PENTRU PREGATIT SOLUL S| SEMANAT
CEREALE PAIOASE

PhD. Eng. Marin E.”, Assoc. Prof. Ph.D. Eng. Kostadinov G.?, PhD. Stud. Eng. Manea D.”,
PhD. Eng. Mateescu M.”, PhD. Stud. Eng. Sorici C.”
YINMA Bucharest / Romania, ?RILRAM Sofia / Bugaria
E-mail: emarin@inma.ro

Abstract: The paper presents a technical multipurpose
equipment designed to prepare and sow the soil, being
endowed with working parts for setting up the crops of
straw cereals, vegetables for grains, fodder plants on
prepared or semi-prepared soil (crust ground requiring the
subsequent loosening of surface layer for sowing), as well
as on field where the soil basis processing, the sowing
and the subsequent settling are performed by a single
working cycle. The results obtained following the
experimental research have allowed the constructive
validation of the working parts of the technical equipment
proposed within the technological chart of setting up straw
cereals within minimum tillage system. In consequence,
the soil characteristics are preserved or improved, its
structure being maintained by diminishing the soil
compression when preparing the germinating bed.

Keywords: straw cereals, soil preparing, sowing, soil

INTRODUCTION

The competition imposed by the necessity of obtaining
bigger crops with as less as possible costs and, at the
same time, preserving the natural resources by using the
state-of-the art technologies has led to applying innovative
technologies and passing from conventional technologies
to sustainable agriculture. Developing weeds control
techniques, improving the soil working and sowing
equipment and technologies represent an important
prerequisite for expanding these technologies with
reduced manufacturing costs. An other argument is given
by the positive ecological effects, which are more than
obvious when applying minimum tillage. The minimum
tilage refers to the processing or loosening the whole
surface of soil, but with diminished intensity and
frequency, mainly by eliminating certain mechanical works
appropriate to conventional system [1].

Applying the crop technologies of reduced intensity
(conservative) is a very complex problem, which should
be tackled integrally, taking into account the multiple
connections existing among the different aspects of the
agro-ecosystem. At the same time, the analysis of
these technological systems has to take into
consideration the long term effects on agricultural
productivity, depending on soil physical, chemical and
biological features [2]. Romania owns a high natural
potential able to allow the minimum tillage technologies
of setting up straw cereals as a form of sustainable
agriculture, leading to a long term protection of
environmental resources. The technical equipment
presented in this paper is configured as modulating
structure, in order to allow by simply mounting or
dismounting the different active parts, to simultaneously or
independently perform the soil works and straw cereal
sowing on prepared, semi-prepared and unprepared field,
substantially diminishing the soil compression, the power
consumption, the labour cost, etc.

Rezumat: In cadrul lucrédrii se prezintd un echipament
tehnic polivalent destinat pregétirii solului si seménatului
care utilizeazd organe de lucru pentru infiintarea culturilor
de cereale paioase, leguminoaselor pentru boabe, plantelor de
nutret, in teren pregatit sau semipregétit (teren cu crusta
care necesitd afanarea ulterioard a stratului de la
Suprafatd pentru semdnat), cat si pe teren in care
prelucrarea de bazéd a solului, insdméantarea si tasarea
ulterioard se realizeazad intr-un singur ciclu de lucru.
Rezultatele obtinute, in urma cercetérii experimentale, au
permis validarea constructivd a organelor de lucru ale
echipamentului tehnic propus in cadrul itinerarului tehnologic
de infiintare a cerealelor pédioase in sistem cu lucréri
reduse. Se realizeazd astfel, conservarea sau ameliorarea
caracteristicilor solului si mentinerea structurii acestuia
prin reducerea tasarii la pregétirea patului germinativ.

Cuvinte cheie: cereale paioase, pregatirea solului, seménat, solul

INTRODUCERE

Competitia impusa de necesitatea obtinerii unor recolte
cat mai mari cu costuri materiale cat mai mici, in conditiile
conservarii resurselor naturale combinata cu deosebitele
posibilitati tehnologice actuale a condus la aplicarea unor
noi tehnologii de cultura, trecerea de la tehnologiile
conventionale la agricultura durabila. Dezvoltarea tehnicilor de
control a buruienilor, imbunatatirea masinilor si tehnologiilor de
lucrat solul si de semanat constituie premise importante in
extinderea tehnologiilor cu costuri reduse de productie. Un
alt argument 1l constituie efectele deosebit de pozitive din
punct de vedere ecologic, care sunt mai mult decét evidente in
cazul aplicarii tehnologiilor cu lucrari reduse. Tehnologia de
lucrare redusa a solului se refera la prelucrarea sau
afanarea intregii suprafete a solului, dar scazand intensitatea
si frecventa de lucrare, in principal prin eliminarea unor
lucrari mecanice practicate in sistemul conventional [1].

Aplicarea tehnologiilor agricole de cultura cu intensitate
redusa (conservative) este o problema deosebit de
complexa, ce trebuie abordata in mod integrat, avand in
vedere conexiunile multiple ce exista intre diferitele laturi
ale agroecosistemului. In acelasi timp, analiza acestor
sisteme tehnologice trebuie sa aiba in vedere efectele de
lunga duratd deoarece impune analiza efectelor pe
termen lung asupra rentabilitatii productiilor agricole in
corelatie cu proprietatile fizice, chimice si biologice ale
solului [2]. Roménia are potential natural ridicat pentru
introducerea tehnologiilor de infiintat culturi de cereale
paioase n sistem cu lucrari reduse ca forma a agriculturii
durabile, care conduc la protectia pe termen lung a
resurselor de mediu. Echipamentul tehnic, prezentat in
cadrul lucrarii, este conceput in constructie modulata
pentru a permite, prin simple montari sau demontari ale
diferitelor organelor active, realizarea simultana sau
independenta a lucrarii solului si semanatului cerealelor
paioase, atat pe terenuri pregatite, semipregatite cat si
nepregatite pentru semanat, reducénd substantial tasarea
solului, consumul energetic, costul de forta de munca etc.
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MATERIALS AND METHOD
Within INMA Bucharest has been designed a technical
equipment with working parts for preparing and sowing
the soil, which, depending on soil and climate, cultivated
plants, fertilizing and pests control can be used for two
variants of innovative minimum tillage technology of
setting up straw cereals, namely:
¢+ Variant | — Setting up straw cereals by means of
technical equipment with working parts for preparing
the germinating bed and sowing on prepared or semi-
prepared field (fig. 1).

INMATEH - ? 7 s

MATERIALE SI METODA
Tn cadrul INMA Bucuresti a fost realizat un echipament
tehnic cu organe de lucru pentru pregatit solul si semanat
care, Tn functie de conditile pedoclimatice, de planta cultivata,
de sistemul de fertilizare si combatere a daunatorilor,
poate fi utilizat pentru doua variante ale tehnologiei inovative
de infiintat cereale paioase cu lucrari reduse si anume:
¢ Varianta | - infiintat culturi de cereale paioase cu
echipamentul tehnic cu organe de lucru pentru
pregatit patul germinativ si semanat in teren pregatit
sau semipregatit (fig. 1).

I

o,

TRACTOR 180
== HP/TRACTOR

150 CP pe rofl

AGGREGATES /| AGREGATE

Reversible plough / Plug
reversibil

Fig. 1 - Agricultural aggregates used in Variant | / Agregate utilizate in Varianta |

¢+ Variant Il — Setting up straw cereals by means of
technical equipment with soil working parts and
sowing on unprepared field (fig. 2).

¢ Varianta Il - Infiintat culturi de cereale p&ioase cu
echipamentul tehnic cu organe de lucrat solul si
semanat in teren nepregatit (fig. 2).

R

Fig. 2 - Agricultural aggregates used in Variant |l / Agregate utilizate Tn Varianta Il

The technical equipment used within the two
technological variants (fig. 3) has been designed as
modulated structure in order to allow by mounting or
dismounting the different active parts, by a single
operator, to simultaneously or independetly work the soil
or sow straw cereals, on prepared, semi-prepared fields
and unprepared field.

Echipamentul tehnic care este utilizat in cadrul celor doua
variante tehnologice (fig. 3) a fost conceput in constructie modulata
pentru a permite prin simple montari sau demontari ale diferitelor
organelor active, efectuate de un singur operator, realizarea
simultana sau independentd a lucrarii solului si
semanatului cerealelor pdioase, atat pe terenuri pregatite,
semipregatite cat si nepregatite pentru semanat.
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Fig. 3 - Technical equipment endowed with working parts for preparing the soil and sowing straw cereals /
Echipament tehnic cu organe de lucru pentru pregatit solul si semanat cereale paioase

The technical equipment (fig. 4) comprises a harrow
with vertical rotors (pos.1) to which a mechano-
pneumatic sowing (pos.2) machine is coupled at the
lower side by means of lateral supports (pos.3),
endowed with bolt-type securing system, and at the
upper part, by means of a central coupling bar (pos.4) of
left/right screw type, articulated on double-secured bolts
with pins and elastic fuse. The harrow can work
independently at preparing the germinating bed both on
prepared and unprepared soil, when the vertical rotors
are equipped with blade cutters (pos.7), which process
the soil till 12 cm depths.

The sowing machine can work independently on
unprepared or prepared soil in view of sowing, as the double-
disc shares (pos.8) or mono-disc type shares (pos.9), can be
mounted on a bar, which is adjustable and detachable on a
frame, the mono-disc shares being obtained from the
prevoius ones by simply dismounting a disc.

The main technical characteristics of the technical
equipment are shown in table 1.

Echipamentul tehnic (fig. 4) are in componenta o grapa cu
rotoare verticale (poz. 1) de care se cupleaza o semanatoare mecano-
pneumatica (poz. 2) la partea inferioara, prin intermediul unor supori
laterali (poz. 3) prevazuti cu sistem de asigurare de tip cu bolf,
iar la partea superioara, cu ajutorul unui tirant central (poz. 4), de
tip cu surub sténga / dreapta, articulat pe bolturi dublu asigurate cu sfifturi si
siguranta elastica. Grapa poate lucra independent la pregatirea patului
germinativ, atat Tn teren pregatit sau semipregatit, cand rotoarele
verticale (poz. 5) sunt echipate cu cutite dinte (poz. 6) care prelucreaza
solul, lucrat prin aratura, la adancimi de pana la 8 cm, cét si in
teren nepregatit, cand rotoarele verticale sunt echipate cu cutite
lama (poz. 7) care prelucreaza solul la adancimi de panala 12 cm.

Semanatoarea poate lucra independent in teren
pregatit sau semipregatit pentru semanat, deoarece pe o
bara, conceputa reglabila si demontabila pe un cadru, pot
fi montate brazdare de tip dublu-disc (poz. 8) sau de tip
monodisc (poz. 9) obtinute din primele prin simpla
demontare a unui disc.

Principalele caracteristici tehnice ale echipamentului
tehnic sunt prezentate in tabelul 1.

Table 1/ Tabelul 1

Main technical characteristics / Principalele caracteristici tehnice

Characteristic / Caracteristica MU / UM Value / Valoare
Number of rotors with knives / Numarul de rotoare cu cutite pcs / buc 14
Distance between rotors / Distanta dintre rotoare mm 245
Number of knives on rotors / Numarul de cutite pe rotoare pcs / buc 2
Soil working depth / Adancimea de lucru a solului cm 10
Number of sowing shares / Numarul de brazdare de semanat pcs / buc 28
Distance between rows / Distanta dintre randuri cm 125/12,5
Sowing depth / Adancimea de semanat cm 28
Working width / Latimea de lucru: m 35/35
Mass / Masa kg 2590
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|

e
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Fig. 4 - Designing scheme of machinery / Schema constructiva a echipamentului tehnic
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For manufacturing the technical equipment have
been used the solutions representing the subject of the
patent demand, registered at OSIM under the number
A00917 / 11.11.2009. The experimental researches
have been performed by means of an aggregate
comprising working parts for preparing the soil and
sowing straw cereals SGR and New Holland wheeled
tractor T6070 of 150 HP (fig.5).

The technical equipment tests in field-laboratory
conditions, in order to determine the qualitative working
indexes and energetic parameters have been performed
on INMA Bucharest experimental plots according to
specific testing procedure and the requirements of SR
13238-2 [5], SR ISO 7256-2 [6].

Fig. 5 - Aspects of experimental researches with technical equipment of SGR type /

INMATEH - ? s 1

La realizarea echipamentului tehnic au fost folosite
solutii care au facut obiectul unei cereri de brevet de
inventie inregistrata la OSIM cu numarul A00917 /
11.11.2009. Cercetarile experimentale s-au efectuat cu
un agregat constituit din echipamentul tehnic cu organe
de lucru pentru pregatit solul si semanat cereale paioase
SGR si tractorul New Holland T6070 de 150 CP pe roti
(fig. 5).

Experimentarile in conditi de camp-laborator ale
echipamentului tehnic, pentru determinarea indicilor
calitativi de lucru si parametrilor energetici, s-au efectuat
pe loturile experimentale ale INMA Bucuresti in
conformitate cu o procedura specifica de incercari si
cerintele din SR 13238-2 [5], SR ISO 7256-2 [6].

»

Aspecte din timpul cercetarilor experimentale cu echipamentul tehnic tip SGR

The qualitative working indexes and energetic parameters
have been determined in the following conditions:
e Tactor used: T6070 NEW HOLLAND;
- engine power, HP: 150;
- maximum torque, Nm: 625;
- increase of torque: 39%;
- number of speeds at PTO: 540/1000 rot/min.
e Soil type: reddish brown;
e Soil class (in terms of specific resistence): average
to heavy;
e Previous crop: corn;
¢ Previous operations: corn harvesting with the combine;
o Other remarks: the soil was covered with vegetal
remains after the harvesting;
o Soil humidity [%]:
- in 0+10 cm layer: 22;
- in 10=20 cm layer: 19.5;
- in 2030 cm layer: 17.

According to specific testing procedures, accredited
within INMA-DI, the following measuring tools have been
used during the tests: measuring cord of 2m and 50m;
caliper beam; chronometer; micrometer; field
compasses of 2 meters; balance; pickets; drying
chamber; fuel consumption measuring apparatus.

In order to determine the average sowing depth and
irregularity degree of sowing depth on the working width,
the measurements have been performed using the
~.green” method, namely after plants springing, on all the
rows for each displacing speed, over three repetitions
situated in 3 different areas of the plots (at the plot ends
and in the middle).

On basis of data obtained during the measurements,
the sowing average depth has been determined using
the following calculation relation:

Indicii calitativi de lucru si parametrii energetici au
fost determinati in urmatoarele conditii:
e tractor utilizat: T6070 NEW HOLLAND;
- puterea motorului, CP: 150;
- momentul maxim, Nm: 625;
- cresterea momentului: 39%;
- turatia la priza de putere: 540/1000 rot/min.
e tipul solului: brun roscat de padure;
+ categoria solului (din punct de vedere al rezistentei
specifice): mijlociu spre greu;
e  cultura anterioara: porumb;
o lucrarile anterioare: recoltarea porumbului cu combina;
e alte aprecieri: terenul era acoperit cu resturi vegetale
ramase de la recoltare;
e umiditatea solului [%]:
- In stratul 0+10 cm: 22;
- In stratul 10+20 cm: 19,5;
- In stratul 20+-30 cm: 17.

In conformitate cu procedurile specifice de incercare
acreditate Tn cadrul INMA-DI, pe parcursul incercarilor s-
au utilizat urmatoarele instrumente de masura: ruleta de
2 m si de 50 m; subler; cronometru; micrometru; compas
de teren de 2 m; cantar; jaloane; etuva; aparat de masura
a consumului de combustibil.

Masuratorile, pentru determinarea adancimii medie
de semanat si a gradului de neuniformitate a adancimii
de semanat pe latimea de lucru, s-au executat dupa
metoda “in verde”, adica dupa rasarirea plantelor, pe
toate randurile unei treceri la fiecare viteza de deplasare,
in trei repetitii situate in 3 zone diferite ale parcelei (la
capete si la mijloc).

Pe baza datelor obtinute la masuratori s-a determinat
adancimea medie de semanat folosind urméatoarea relatie
de calcul:
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amrj = I:1r [mm]

where:
a; — the incorporating depth, measured in a
certain point;
r-number of repetitions (r=3);
n — number of rows on which the measurements
were performed (n=28).

The sowing depth is the decisive factor in obtaining
the crop uniformity. It depends on soil, existing humidity,
seed size and breed characteristics. The sowing depth
influences upon crop germination, springing and
uniformity.

The uniformity of plant distributing on row has been
determined by the ,green” method, namely, immediately
after the plants springing, by counting the plants of 5 cm
length. The measurements have been performed on 3
rows, starting with a passing with sowing equipment on
2m working length, three times on three plot areas (at
the ends and in the middle).

The tests have been performed at each of the three
working speeds: 3.8 km/h, 5.2 km/h and 7.4 km/h.

In order to determine the power indexes, it has been
used the tensometer method[3], using a computer
endowed with a package of programmes nSOFT for
measuring the rotative speeds and torques, determining
the torque value at PTO in idling speed and load speed.
In order to register the measurements, a laptop
endowed with data acqusition board was used. The
experimental data have been registered on magnetic
disks in oder to be processed. Within these tests were
performed measurements for the following parameters:

- moment of torsion at PTO;

- traction force at technical equipment coupling bar to
tractor;

- rotative speed of tractor engine and rotative speed of PTO;

- displacement speed of aggregate.

The power P, transmitted through PTO has been
determined by the relation ([3],[4]):

P, =136-M

Where:
Mp is the moment of torsion transmitted by PTO’
shaft, in Nm;
wp — angular speed of PTO’s shaft, in rad/s.
The power necessary for trailing during the work Py
of technical equipment on horizontal field has been
calculated by the relation (3) si (4),

tr

Where:
Fy is the traction force measured at the coupling
bar, in daN;

vi — working speed (displacement speed), in km/h.
In order to measure the PTO’s torsion moment, a
coupling device equipped with rotative speed inductive
transducer has been used, designed at determining the
number of rotations of PTO; in order to find out the
traction force, a special draw bar endowed with strain
gauges has been used.
The effective working capacity We
determined by the relation:

has been

W,=01-B, -v, ha/h]

Where:
B, is the working width of technical equipment, in m;
V| — working speed, in km/h.

p

_Fo>xvi cp

INMATEH - Agticultural Engineeting

1)

unde:
a; —adancimea de incorporare a semintelor,
masurata intr-un punct oarecare;
r - numarul de repetitii (r=3);
n — numarul de randuri pe care s-au facut
masuratorile (n=28).

Adancimea de semanat este factorul hotarator in
realizarea uniformitatii culturii. Ea depinde de sol,
umiditatea existentd, marimea semintei si caracteristicile
soiului. Adancimea de semanat are influentd asupra
germinatiei, rasaririi si uniformitatii culturii.

Uniformitatea de repartitie a plantelor pe rand s-a
determinat dupa metoda “in verde”, adica imediat dupa
rasarirea plantelor, prin numararea plantelor aflate Tn
sectoare cu lungimea de 5 cm. Masuratorile s-au efectuat
pe cate 3 randuri de la o trecere cu echipamentul de
semdnat pe o lungime de 2 m, in trei repetitii situate in
trei zone ale parcelei (de la capete si la mijloc).

Probele s-au efectuat la fiecare din cele trei viteze de
lucru: 3,8 km/h, 5,2 km/h si 7,4 km/h.

Pentru determinarea indicilor energetici s-a folosit
metoda tensometrica [3] utilizdnd un computer cu pachet
de programe nSOFT pentru masurarea turatiilor si
momentelor, determindndu-se valoarea momentului la
priza de putere si turatia prizei de putere in gol si in
sarcina. Pentru a inregistra masuratorile a fost folosit un
laptop dotat cu placd de achizitie. Datele experimentale
s-au nregistrat pe diskete magnetice, urmand apoi a fi
prelucrate. Tn cadrul acestor incercéri au fost efectuate
masuratori [2] pentru urmatorii parametri:

- momentul de torsiune la priza de putere;

- forta de tractune la bara de
echipamentului tehnic la tractor;

- turatia motorului tractorului si turatia prizei de putere;

- viteza de deplasare a agregatului.

Puterea P, transmisa prin priza de putere s-a
determinat cu relatia ([3], [4]):

-w,-107%,CP

cuplare a

)

unde:
Mp este momentul de torsiune transmis de arborele
prizei de putere, In Nm;
wp - viteza unghiulara a arborelui prizei de putere,
in rad/s.
Puterea necesara tractarii in lucru Py a echipamentului
tehnic pe teren orizontal s-a calculat cu relatia (3), (4):

®3)
270
unde:
F. este forta de tractiune masuratd la bara de
cuplare, in daN;
v| - viteza de lucru (de deplasare), in km/h.

Pentru masurarea momentului de torsiune la priza de
putere s-a folosit o cupla echipata cu traductoare
tensometrice care Inglobeaza si un traductor inductiv de
turatie, utilizat pentru determinarea turatiei prizei de putere,
iar pentru determinarea fortei de tractiune s-a folosit o
bara de tractiune speciala prevazuta cu marci tensometrice.

Capacitatea efectiva de lucru Wes s-a determinat cu
relatia:

(4)
unde:

Bieste latimea de lucru a echipamentului tehnic, Tn m;
V| — viteza de lucru, in km/h.
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RESULTS REZULTATE

In figures 6, 7 and 8 are graphically shown the In figurile 6, 7 si 8 sunt reprezentate grafic
average sowing depths on row, obtained at the working adancimile medii de semanat pe rand obtinute la vitezele
speeds of 3.9 km/h, 5.2 km/h and 7.4 km/h. de lucru de 3,9 km/h, 5,2 km/h si 7,4 km/h.
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Fig. 6 — Graphic of average sowing depth on the row. (Vi min = 3.8 km/h) /
Reprezentarea grafica a adancimii medii de seménat pe rand (Vi min = 3,8 km/h)

Averaae row depth /
Adancimea medie pe
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Fig. 7 - Graphic.of average sowing depth on the row. (v|min=5.2 km/h) /
Reprezentarea graficad a adancimii medii de seméanat pe réand (Vi meq=5,2 km/h)
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Fig. 8 - Graphic of average sowing depth on the row. (vi min=7.4 km/h) /
Reprezentarea grafica a adancimii medii de semanat pe rand (Vi max=7,4 km/h)

In graphic belonging to fig. 9 are shown the average Tn graficul din figura 9 sunt reprezentate valorile medii ale
values of measurements in terms of plant uniformity masuratorilor privind uniformitatea de repartitie a plantelor
distribution on row, according to the three working speeds. pe rand, corespunzatoare celor trei viteze de lucru.

200 —0— Speed / Viteza 3,8 kmv/h
250 E*Ek —B— Speed / Viteza 5,2 km/h

N

200 A —n— Speed / Viteza 7,4 kmvh
15,0

\\
10,0
5‘0 A
00 —M‘W A,

1 2 3 4 5 6 7 8 9 10 11

Number of sectors /
Numar de sectoare

Number of plants in the sector / Numar de plante intr-un sector

Fig. 9 — Plants distribution uniformity on row according to three working speeds /
Uniformitatea de repartitie a plantelor pe rédnd la cele trei viteze de lucru

Values of energetic indexes determined are shown in Valorile indicilor energetici determinati sunt prezentate
table 2. n tabelul 2.
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Table 2/ Tabelul 2

Average values of energetic indexes / Valorile medii ale indicilor energetici

. . T6070+SGR

Energet_|c' parameters / Parametri UM Repetition / Repetitia Average /
energetici R1 R2 R3 R4 R5 Media
Working speed / Viteza de lucru km/h 4.8/4,8 5.2/5,2 5.6/5,6 5.0/5,0 5.41/54 5.2/5,2
Traction force / Forta de tractiune daN Sggéf; / 33557777'55/ 33‘20033;99/ 33889933;“;1/ 3570 33667755'33/
Traction power / Puterea de tractiune | CP 69.9 /69,9 68.9 /68,9 70.6 /70,6 72.1/72,1 71.4/71,4 | 7058/7058
;‘J’t‘g‘fé at PTO / Puterea la priza de | o | 4167416 | 37.1/371 | 34.4/344 | 384/384 | 35.6/356 | 3742/3742
Total maximum consumed power /| op | 411 5/1115 106 105 110,5 107 108
Puterea maxima totald consumata
Engine power efficiency degree / Gradul | o, | 474 /074 | 071/071 0.7/0,7 0.74/0,74 | 0.71/0,71 |0.72/0,72
de utilizare a puterii motorului
tTr;e(]:(t;i)?Llsw skidding / Patinarea| o | 158,198 | 121/121 | 11.8/11,8 | 126/126 | 12.3/123 |1232/1232
Bffecve ~ working  capacly /| . | 1517151 | 1.64/1,64 | 1.76/1,76 | 1.57/157 | 1.79/157 | 1.64/1,64
Capacitatea de lucru efectiva
Specific fuel consumption per hour /
Consumul specific orar de| kg/h 22.3/22,3 21.2/21,2 21.0/21,0 22.1/221 21.4/21,4 |21.6/21,6
combustibil
Specific fuel consumption/Consumul |y - | 1477 /14,77 | 12.93/12,93 | 11.93/11,93 | 14.08 /14,08 | 11.96 / 11,96 | 1317/1317
specific de combustibil

Following the analysis of data presented in table 1, we Din analiza datelor prezentate 1n tabelul 1 se

can conclude that the technical equipment SGR, which works
in aggregate with tractor T6070 with the II-"* velocity stage-
rapid speed has performed the soil work and wheat sowing
at an average displacement velocity of 5.2km/h (fig 10)
with a minimum hourly consumption of diesel oil of 21.6 I/h
(fig.11) and an effective average working capacity of 1.64
ha/h (fig.12). The average of traction force was of 3675.3
daN, and the average of traction power was of 70.58HP.
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desprinde faptul ca echipamentul tehnic SGR, lucrand in
agregat cu tractorul T6070 in treapta de viteza a ll-a
rapida, a executat lucrarea solului si semanatul graului,
la o viteza medie de deplasare de 5,2 km/h (fig. 10), cu
un consum mediu specific orar de motorind de 21,6 I/h
(fig. 11) si o capacitate medie de lucru efectiva de 1,64
ha/h (fig. 12). Media fortei de tractiune a fost de 3675,3
daN, iar media puterii de tractiune a fost de 70,58 CP.
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Fig. 10 - Graphic of displacement speed / Reprezentarea grafica a vitezei de deplasare
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Fig. 11 - Graphic representation of hourly specific consumption of gas-oil /

Reprezentarea grafica a consumului specific orar de motorina
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Fig. 12 - Real working capacity graphic / Reprezentarea grafica a capacitétii de lucru efectiva
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CONCLUSIONS

As a result of the experimental investigations of the aggregate
comprising the tractor T6070 NEW HOLLAND of 150 CP and the
technical equipment with soil working parts and straw cereals
sowing parts SGR the following have been determined:

- For manufacturing the technical equipment, there have
been used certain innovative elements that represented
the subject of a patent, achieved by the author together
with a group of researchers within INMA Bucharest;

- The values of qualitative working indexes have been
calculated, by respecting the algorithms of processing
the theoretical and experimental data during the work;

- In terms of operating, the technical equipment has
achieved qualitative working indexes that fulfil the
agro-technical requirements imposed to straw cereals
and provided in standards in force. This fact is proved
by the good plant distibution uniformity on row for the
three working speeds (minimum speed of 3.9 km/h,
average working speed of 5.2 km/h and maximum
speed of 7.4 km/h), with bigger values for working
speed of 5.2 km/h.

- On the whole experiments duration, the technical
equipment has had a good behaviour, achieving a
real average working capacity of 1.64/h appropriate
to optimum average working speed of 5.2 km/h and
an average oil consumption of 21.6 I/h;

- By performing the experimental researches the
technical and technological solutions designed to
constructive design of working parts were able to be
validated.
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CONCLUZII

In urma investigarilor experimentale ale agregatului
tractor T6070 NEW HOLLAND de 150 CP pe roti cu
echipamentul tehnic cu organe de lucrat solul si semanat
cereale paioase SGR au rezultat urmatoarele:

- La realizarea echipamentului tehnic au fost folosite
elemente de noutate care au facut obiectul unei cereri
de brevet de inventie realizata de autor impreuna cu un
colectiv de cercetatori din cadrul INMA Bucuresti;

- Valorile indicilor calitativi de lucru au fost calculate
respectand algoritmii de prelucrare a datelor teoretice
si experimentale din procesul de lucru al acestora;

- Sub aspect functional, echipamentul tehnic a realizat
indici calitativi de lucru care satisfac cerintele
agrotehnice impuse la semanatul cerealelor paioase
precizate Tn standardele in vigoare. Acest fapt este
ilustrat de buna uniformitate de repartitie a plantelor pe
rand obtinutd pentru toate cele trei viteze de lucru
(viteza minima de 3,9 km/h, viteza medie de 5,2 km/h
si viteza maxima de 7,4 km/h), cu valori mai mari
pentru viteza de lucru de 5,2 km/h.

- Pe toata perioada desfasurari  experimentarilor
echipamentul tehnic a avut o comportare buna, n aceste
conditii a realizat o capacitate medie efectiva de lucru de
1,64 ha/h corespunzatoare vitezei medie optime de lucru
de 5,2 km/h si un consum mediu de motorina de 21,6 I/h;

- Prin efectuarea cercetarilor experimentale a fost permisa
validarea solutiilor tehnice si tehnologice abordate la
proiectarea constructiva a organelor de lucru care fac
parte din componenta echipamentului tehnic.
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DIGITAL METHODS IN ANALYZING THE SURFACE RAIN EROSION RISK AND LANDSLIDE
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/
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Abstract: Surface pluvial erosion is a phenomenon that
occurs continuously and with increased intensity. The paper
presents an improved method for analyzing the risk of surface
pluvial erosion using relief digital models of the geographic
area and aerial photography of the same geographic
areas. Achieving these maps facilitates the accurate
identification and hierarchy of priorities of the intervention
areas. At the same time, by precise limitation of the areas
with high-risk erosion it is allowed the restoring
intervention according with the precision agriculture: on
small areas with optimum resources use.

Keywords: DEM, digital, erosion, model, landscape

INTRODUCTION

We have presented in [8] and [9] the methods of
drawing up the risk maps for the phenomena of erosion
and landslides, based on direct acquisition of data from
aerial images of Google Earth program.

The main data taken from the archives of images from
Google Earth program were those relating to geographical
areas geometry, distances and angles respectively. These
were key elements in the calculation of risks measures of
producing the two phenomena. The acquisition mode was
a manual one. After the meshing of geographical area,
were measured or estimated by calculation the
geometrical sizes of interest. This article presents a more
accurate method of drawing up the risk maps of surface
pluvial erosion and landslides. The method uses the
numerical information existent in Google Earth archives,
converting it into a digital model of the surface, after which
the calculation is applied directly to the digital model, so it
works practically with the elevation matrix of the
geographical area. Using digital models for these
purposes has been widespread in recent years, [1], [2],
[4], [6], [7], [11], [12]. Therefore, have been obtained risk
maps for producing surface pluvial erosion phenomena
and landslide with increased precision, compared to those
presented in [8] and [9]. The method used in [8] and [9]
allowed simple identification of the high-risk areas using
aerial photography, where appeared objectives easily
recognizable in the field. Using the digital model of the
land it eliminates the aerial photography from the picture,
so that the identification of areas of greatest risk is more
difficult. To surpass this difficulty, the method presented in
the paper shows a map which includes the aerial
photography superposed over the risk of erosion or
landslide. This way, it facilitates identification of the high
risk areas which need interventions.

MATERIAS AND METHOD
To achieve the method of drawing up the risk map of
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Rezumat: Eroziunea pluviala de suprafata este un
fenomen care se manifesta permanent si cu o intensitate
sporita. Articolul prezinta o metoda imbunatatita de
analiza a riscului de eroziune pluviala de suprafata,
folosind modele digitale ale reliefului zonei geografice si
fotografii aeriene ale aceleiasi zone. Realizarea acestor
harti faciliteaza identificarea precisa gi ierarhizarea
prioritatilor zonelor de interventie. De asemenea, prin
limitarea precisa a zonelor cu risc mare de eroziune, se
permite interventia reparatorie in spiritul agriculturii de
precizie: pe zone mici, cu consum optimal de resurse.

Cuvinte cheie: DEM, digital, eroziune, model, relief

INTRODUCERE

Am prezentat Tn [8] si [9] metode de intocmire a hartilor
de risc pentru fenomenele de eroziune si alunecari de
teren, bazate pe preluarea directa a unor date din
imaginile aeriene ale programului Google Earth.

Datele de baza preluate din arhivele de imagini Google
Earth erau cele referitoare la geometria zonelor
geografice, respectiv distante si unghiuri. Acestea erau
elemente principale in calculul masurilor riscurilor de
producere a celor doua fenomene. Modul de preluare era
unul manual. Dupa discretizarea zonei geografice, se
masurau sau estimau prin calcul marimile geometrice de
interes. Tn acest articol se prezinta 0 metoda mai precisa
de alcatuire a hartilor de risc pentru eroziune pluviala de
suprafata si alunecari de teren. Metoda foloseste
informatia numerica existenta in arhiva Google Earth,
convertind-o in model digital al suprafetei, dupa care,
calculul se aplica direct modelului digital, deci se lucreaza
practic cu matricea elevatiei zonei geografice. Utilizarea
modelelor digitale pentru aceste scopuri s-a generalizat n
ultimii ani, [1], [2], [4], [6], [7], [11], [12]. S-au obtinut Tn
acest fel harti de risc pentru producerea fenomenelor de
eroziune pluviala de suprafata si de alunecarii de teren,
de precizie sporita fata de cele prezentate in [8] si [9].
Metoda folosita in [8] si [9] permitea identificarea simpla a
zonelor de mare risc, folosind fotografia aeriana, pe care
apareau si obiective usor de recunoscut din teren.
Folosirea modelului digital al terenului, elimina fotografia
aeriana din imagine, astfel incat identificarea zonelor de
mare risc este mai dificila. Pentru a ameliora aceasta
dificultate, metoda prezentata in lucrare prezinta si o harta
ce include, suprapusa, peste riscul de eroziune sau
alunecare de teren, fotografia aeriana. inh acest fel, se
faciliteaza identificarea zonelor de mare risc si care au
nevoie de interventii.

MATERIALE SI METODA
Pentru realizarea metodei de alcatuire a hartii de risc
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surface pluvial erosion or landslides, we used the
following sources: archives of images of Google Earth,
GIS AutoCAD Civil 3D software (2008 edition), MS Office
programs Excel, Mathcad and Matlab. The mathematical
models wused to calculate soil loss by erosion
(measurement of the risk of surface pluvial erosion
producing) respectively of the slope stability factor
(measurement of the risk of landslides producing) are:
the USLE model, [3], [5], [13], respectively the soil model
without cohesion, [10], the simplest formula for estimating
the stability of slopes.

Stages of the working method used are given in Table 1.
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de eroziune pluviala de suprafata, sau alunecari de teren,
am folosit urmatoarele surse: arhiva de imagini a
programului Google Earth, programul GIS AutoCAD Civil
3D (editia 2008), programele Excel din MS Office,
Mathcad si Matlab. Modelele matematice folosite pentru
calculul pierderii de sol prin eroziune (masura riscului de
producere a eroziunii pluviale de suprafata), respectiv factorului
de stabilitate a versantilor (masura riscului de producere
alunecarilor de teren), sunt: modelul USLE, [3], [5], [13],
respectiv modelul solului fara coeziune,[10], cea mai simpla
formula de calcul pentru estimarea stabilitatii versantilor.
Etapele metodei de lucru folosite sunt dati in tabelul 1.

Table 1/ Tabel 1

The steps of the method of drawing up the risk of producing surface erosion and landslides maps /
Etapele metodei de alcatuire a hartilor de risc de producere a eroziunii de suprafata si alunecarilor de teren

No The steps of the method / Instrument /
Etapele metodei Instrument
Purchasing an image with 3D information (digital) from free or commercial Google Earth — software /
1 archives / Achizitia unei imagini cu informatie 3D (digitald) din arhive gratuite
sau comerciale Software Google Earth
Capturing the digital image of the area into a digital GIS software capable to AutoCAD Civil 3D- software /
2 transform the image into a DEM file / Capturarea imaginii digitale a zonei intr- o
un program GIS capabil sa transforme imaginea in fisier DEM Software AutoCAD Civil 3D
Transforming the digital image into GeoTIFF and DEM files (the resolution is AutoCAD Civil 3D- software /
3 | chosen) / Transformarea imaginii digitale in fisiere DEM si GEOTIFF (se alege o
7 Software AutoCAD Civil 3D
rezolutia)
Transforming GeoTIFF type file in text file, ASCII, which can be imported within
4 | the usual numerical computation programs / Transformarea fisierului de tip Matlab - software /
GEOTIFF in figier de tip text, ASCII, care poate fi importat in programe de Software - Matlab
calcul numeric uzuale
5 Adjust the domain margins, processing and graphically representing the relief / Excel- software /
Ajustarea marginilor domeniului, prelucrare si reprezentare grafica a relefului Software - Excel
6 Transforming the digital image into data text file / Transformarea in figier text de Excel- software
date a imaginii digitale Software - Excel
Importing the text data file within numerical analysis software, analysis, Mathcad- software /
7 elaborating risk maps / Importarea figierului de date text in programe de
analizi numerica, analiza, elaborarea hartilor de risc Software - Mathcad

Tools and materials used are not mandatory ; instead
of Google Earth one can use any digital archives of maps
with numerical information and aerial or satellite images.
Instead of AutoCAD Civil 3D GIS program it can be used
any program able to convert the information from data
archives in DEM file (Digital Elevation Model) into a
numeric or text file, transferable to numerical analysis
programs.

At the same time, instead of Excel, Mathcad and
Matlab programs can be used any other numerical
analysis software with graphic representation facilities.

The risk maps were compiled for ICDVV Valea
Calugareasca, Prahova county and for the fruit growing area
Maracineni, Arges county.

RESULTS

The first results obtained are the digital maps of the
risk of producing surface pluvial erosion phenomena
and landslides on ICDVV Valea Calugareasca land.

In figure 1 these maps are given next to a map of the
risk of producing landslides, obtained through manually
reading of the numerical data and by the digital map of
elevation.
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Instrumentele si materialele folosite nu sunt obligatorii;
in loc de Google Earth se poate folosi orice alta arhiva de
harti cu informatii numerice si de imagini aeriene sau
satelitare. in loc de programul GIS AutoCAD Civil 3D se
poate folosi orice program care poate converti informatia
din arhiva de date in fisier DEM (Digital Elevation Model)
intr-un fisier numeric sau text, transferabil in programe de
analiza numerica.

De asemenea, in loc de programele Excel, Mathcad
sau Matlab se pot folosi orice alte programe de analiza
numerica si cu posibilitati de reprezentare grafica.

Hartile de risc s-au alcatuit pentru zona ICDVV Valea
Calugareasca, judetul Prahova si pentru zona pomicola
Maracineni, judetul Arges.

REZULTATE

Ca prime rezultate obtinute sunt hartile digitale ale
riscului de producere a fenomenelor de eroziune pluviala
de suprafata si de alunecare de teren, pe teritoriul ICDVV
Valea Calugareasca.

In fig. 1 se dau aceste harti alaturi de harta riscului de
producere a alunecarilor de teren obtinuta plecand de la
citirea manuala a datelor numerice si de harta digitala a
altitudinii.



Vol. 33, No.1 /2011

KEAY umieny R R ]

DR R )

Tl e ety o 20 Mandadals 14l obmamit b

Tarthomad ETUN  camuw svwns o harte § roenle e poobainrt

.-

N vy, gl maap of ar phurnd senl snessen il i £ per yee

Totnwud KTATY ot Agnde » pemterihe & wl prie 2olion & sgr @8 0t he pe

-

INMATEH - ? 7 s

DAY wrrmery cTim B m

A5 gy
ate Gaatds s o Wldis - -

Tomd DN

I BITIREY D T of B e DEETRIN o O AT AT

Tmasd L 1AL sete Seces & s mnadi o Tomte: 5 350l 4 s eeites & Polet i dascsa & uTe

Fig. 1 - Combined map containing an aerial map, which allows a better orientation in the field for the strict localization of the areas with
high risks of surface erosion and / or producing landslides / Hartd combinaté continand o harta aeriand, care permite orientarea in teren
mai buna pentru localizarea strictd a zonelor cu riscuri mari de eroziune de suprafata sau/si de producere a alunecarilor de teren

Risk of landslides is given through the measure of
the inverse of decimal logarithm of the safety factor, in
order to make more visible the endangered areas.

The results of statistical analysis for annual soil loss
per hectare through surface erosion are presented
synthetically in Fig 2.

It is noted that most values are concentrated
between 1 and 2 t / ha per year, approximately 18.5% of
sites. The interval [0.0, 5.0] t / ha per year includes the
value of soil loss per hectare of about 80% of sites (and
hence from the mapped area) and the interval [0.0; 9.7]
t/ha per year includes the value o.f soil loss per hectare
of over 99% of mapping locations.

Riscul de producere a alunecarilor de teren este dat prin
masura inversului logaritmului zecimal al factorului de
siguranta, cu scopul de a face mai vizibile zonele periclitate.

Rezultatele analizei statistice pentru pierderea de sol
anuala la hectar prin eroziune de suprafata, este redata
sintetic, grafic in fig. 2.

Se observa ca cele mai multe valori se concentreaza
intre 1 si 2 t/hha pe an, aproximativ 18.5% din locatii.
Intervalul [0.0;5.0] t/ha pe an cuprinde valoarea pierderii
de sol la hectar a aproape 80 % din locatii (deci si din
suprafata cartata), iar intervalul [0.0; 9.7] t/ha pe an
cuprinde valoarea pierderii de sol la hectar a peste 99 %
din locatiile de cartare.

% 20
16
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e 1 1 1 1

l—lmmmr—
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10 12 14

Theloss of soil by surface erosion, t/ ha annually /
Pierderea de sol prin eroziune de suprafata, t/ha anuail

Fig. 2 - The distribution of soil loss per hectare annually by surface erosion for the mapped territory /
Repatrtitia pierderii de sol la hectar anualé prin eroziune de suprafata pentru teritoriul cartat.
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A similar statistic study shows that the distribution of
values of the stability factor concentrates within the range
(2, 3], which is 28.62% of its values. Over 80% of values
are in the interval (1.28, 7] and over 99% are in the range
(1.28; 50].

Within the warning interval (1.2; 1.4] there is only
0.056% out of the stability factor values, ie. 1401 locations
or approx. the same percentage of mapped territory.

Therefore, one can deduce that in critical conditions of
non-cohesive soil, landslides are unlikely to produce,
assuming that the friction angle is set to 23° and is not
affected by excessive moisture.

Similar maps were obtained by the same method for
Maracineni area, near the Research and Development
Institute for Fruit Growing. These maps appear
concentrated in Fig. 3, for comparison, simple as digital
form (in inset) and with overlapping the aerian image, on
background. In Fig. 4 and Fig. 5 there are presented in
detail the risk maps for erosion and landslides.

Y
Fig. 3 - Maps of the risk of surface pluvial erosion in Maracineni area, the massif where is the building of
the Research and Development Institute for Fruit Growing / Harti ale riscului de eroziune pluviala de suprafata in zona Maracineni,
masivul pe care se afla cladirea Institutului de Cercetare Dezvoltare pentru Pomicultura

INMATEH - ? 7 s

Un studiu statistic similar, arata ca repartitia valorilor
factorului de stabilitate se concentreaza in intervalul (2, 3],
in care se situeaza la 28,62 % dintre valorile acestuia.
Peste 80 % dintre valori se afla in intervalul (1,28; 7] si
peste 99 % se afla in intervalul (1,28; 50].

in intervalul de atentionare (1,2; 1,4] se afld numai
0.056 % dintre valorile factorului de stabilitate, adica 1401
locatii sau aproximativ acelasi procent din teritoriul cartat.
Prin urmare, se poate deduce, ca in conditii critice de sol
necoeziv, alunecarile de teren sunt putin probabile, in
ipoteza ca unghiul de frecare are valoarea 23° si nu este
afectat de umiditate excesiva.

Harti similare au fost obtinute prin aceeasi metoda
pentru zona Maracineni, in vecinatatea Institutului de
Cercetare Dezvoltare pentru Pomicultura. Aceste harti
apar concentrate 1n fig. 3, pentru comparatie, simple sub
forma digitala (in medalion) si cu suprapunerea imaginii
aeriene, pe fundal. in fig. 4 si 5 se detaliaza hartile de risc
pentru eroziune si alunecari de teren.

Fig. 4 - Loss of soil through erosion per hectare per year in the massif area where is the building of
Research and Development Institute for Fruit Growing / Pierderea de sol prin eroziune la hectar pe an in zona masivului pe care se afla
cladirea Institutului de Cercetare Dezvoltare pentru Pomicultura
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In this case, 84.56% of meshing cells (and thus from
the land area, because the cells have equal area), have
losses because of the pluvial erosion, below 1 t / ha
annually. Only 7.34% out of the surface presents soil
losses more than 5 t/ ha per year.

The area is included 1n the rectangular image sized
with 3780 x 2480 m (189 x 124 divisions of 20 m), 4.37%
of the surface presents the stability factors under 1.2,
3.08% under 1 and 93.64 over 1.5.

CONCLUSIONS

The method of mapping the risk of surface pluvial
erosion and landslide area using digital models is a fast
and accurate method compared to the method of
determining manually the altitude, the distances and the
angles on the images of Google Earth archives. It is also
much cheaper than methods using topographic surveys in
order to determine the geometrical characteristics of relief.

The results of the method precisely indicate the location
of the areas with high-risk for producing surface pluvial
erosion (areas with large losses of soil per hectare per year
over 5 to 7 tons per hectare per year) and landslides (small
stability factor under 1.2). To ameliorate the risk of producing
these phenomena we may intervene through local
redevelopment, restricted to the indicated areas on the map.

Unlike classical use of digital models and obtaining
maps as those given in Fig. 4 and Fig. 5, the introduction
of an annex map with the aerial photographic
imageoverlapping, as in Fig. 3, in the background,
facilitates the quick identification of areas that need to be
restored.
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Factorul de stabilitate Tn zona masivului pe care se afla cladirea ICDPP

In acest caz, 84,56 % dintre celulele discretizarii (deci
si din suprafata terenului, pentru ca celulele au suprafata
egala), au pierderi prin eroziune pluviala sub 1 t/ha anual.
Numai 7,34 % din suprafata prezinta pierderi de sol peste
5 t/ha pe an.

Zona este inclusa in imaginea dreptunghiulara cu
dimensiunile 3780 x 2480 m (189 x 124 diviziuni de cate
20 m), 4,37 % din suprafata prezinta factori de stabilitate
sub 1,2, 3,08 % sub 1 si 93,64 peste 1,5.

CONCLUZII

Metoda de cartare a riscului de producere a eroziunii pluviale
de suprafata si a alunecarilor de teren folosind modelele
digitale este rapida si precisa in raport cu metoda care
determina altitudinea, distantele si unghiurile manual de pe
imagini ale arhivei Google Earth. De asemenea este mult mai
iefina decat metodele care folosesc ridicari topografice n
scopul determinarii caracteristicilor geometrice ale reliefului.

Rezultatele metodei indica precis locatiile zonelor cu
risc mare de producere a eroziunii pluviale de suprafata
(zonele cu pierderi mari de sol la hectar pe an, peste 5+7
t/ha pe an) si alunecarilor de teren (factor de stabilitate
mic, sub 1,2). Pentru ameliorarea riscului de producere a
acestor fenomene se poate intervenii prin reamenajare
locala, restransa la zonele indicate de harta.

Fata de utilizarea clasica a modelelor digitale si
obtinerea hartilor de tipul celor date in fig. 4 si 5,
introducerea unei harti anexe cu suprapunerea imaginii
fotografice aeriene, ca in fig. 3, in fundal, faciliteaza
identificarea rapida a zonelor care necesita interventii
reparatorii.
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Abstract: In the article are presented data processing
methods of electro-conductivity (EC) and those of
productivity for the interpretation of culture maps. Electro-
coductivity data were obtained from following some
experiments that took place in 2009 by means of the
system for determining EC, VERIS 3150 MSP. Agricultural
productivity data were obtained using a monitoring system
for grain production MICRO TRAK type, model C05 000
mounted on different types of harvesters (combines), used
in the locations where experiments were performed. The
methods that were used for processing the data of EC and
productivity are: visual / intuitive analysis method based on
the raw experimental data obtained from tests carried out
on the parcels subjected to examination and processing
method using mathematical functions and statistical
models.

Keywords: visual / intuitive analysis, electro-conductivity (EC),
mathematical functions, statistical models, productivity.

INTRODUCTION

In the European context of economic globalization, a
central issue is competitiveness, and this depends on
different sectors capacity to innovate. Romanian
agricultural production will not be competitive without its
own intensive agricultural research. This is determined by the
total dependence on imported solutions which would
always place us behind the competitors, endangering
Romania's chances to earn a steady role on the European
and international market.

In order that the agricultural production from Romania
be competitive it is necessary to find the optimal solutions
for a high recovery of natural conditions, climate and soil,
human resources, organic farming and technology, of
material and financial resources and, of the other part, to
exploit opportunities arising from domestic and international
market developments. It is known that Romania has a
large agricultural area, which ranks it on one of the first
places in Europe. It is however forgotten, that most of the
country's soils are poor, acid, with a low content of nitrogen
and phosphorus. An efficient recovery of the importance of
natural resources, represented by the arable land puts as
a forefront research subject the difficult issue of finding
new solutions for superior recovery of these "problem
soils" [3].

In the activity of a farm it is essential to establish
correctly the level of production per unit area and for each
culture and for each individual year before the product is
harvested. The harvest forecast allows to know what are
the agricultural perspectives throughout the ongoing of an
agricultural year. By this method one can predict the
maximum potential of productivity for the concerned soil
depending on the natural biological potential of the
agricultural culture and of its physico-chemical properties
correlated to the productivity history.

This provision before the harvest brings concrete data
on the total production in a farm (Agricultural Society) on a
green area, on the whole arable area, on cultures.
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Rezumat: Tn cadrul articolului sunt prezentate metode de
procesare a datelor de electro-conductivitate (EC) si cele
de productivitate pentru interpretarea hartilor de cultura.
Datele de electro-coductivitate au fost obfinute in urma
unor experimentari ce au avut loc Tn anul 2009 cu ajutorul
sistemului de determinare a EC, VERIS 3150 MSP. Datele
de productivitate agricold au fost obtinute cu ajutorul unui
sistem de monitorizare a productiei de cereale tip MICRO
TRAK, model C05 000 montat pe diferite tipuri de masini
de recoltat (combine), utilizate in locatiile unde s-au
efectuat experimentdrile. Metodele care s-au folosit
pentru procesarea datelor de EC si de productivitate sunt:
metoda de analizd vizuala | intuitivd pe baza datelor
experimentale brute obtinute in urma probelor efectuate pe
parcelele supuse examindrii i metoda procesérii cu
ajutorul functiilor matematice si modelelor statistice.

Cuvinte cheie: analiza vizuald/intuitiva, electro-conductivitate,
functii matematice, modele statistice, productivitate.

INTRODUCERE

In contextul european al globalizarii economiei,
problema centrala o constituie competitivitatea, iar
aceasta depinde de capacitatea sectoarelor de a inova.
Productia agricola roméaneasca nu va putea fi competitiva
fara o cercetare agricola intensiva, proprie. Aceasta
deoarece dependenta totalda de solutii importate ne-ar
situa mereu in urma competitorilor, periclitand sansele
Romaniei de a-si castiga un rol stabil pe piata europeana
si internationala.

Pentru ca productia agricola din Roméania sa poata fi
competitiva, este necesar a fi gasite solutii optime de
valorificare superioara a conditiilor naturale, de clima si
sol, a resurselor umane, a celor biologice si tehnologice, a
resurselor materiale si financiare si, pe de alta parte, de
valorificare a sanselor care decurg din evolutia pietei
interne si internationale. Este cunoscut cd& Roménia
dispune de o mare suprafata arabild, care o situeaza pe
unul din primele locuri in Europa. Se uita insa faptul ca o
mare parte din solurile tarii sunt sarace, acide, cu un
continut scazut de azot si fosfor. O valorificare eficienta a
importantei resurselor naturale, reprezentatd de suprafata
arabila, pune in fata cercetarii dificila problema de a gasi
noi solutii pentru valorificarea superioara a acestor ,soluri
problema” [3].

Tn activitatea unei exploatatii agricole este esential sa
se stabileascad corect nivelul productiei la unitatea de
suprafata si pe fiecare cultura si pentru fiecare an in parte
fnainte ca produsul sa fie recoltat. Prognoza recoltei permite sa
se cunoasca care sunt perspectivele agricole pe parcursul
de derulare a unui an agricol. Prin aceastd metoda se
poate prognoza potentialul maxim de productivitate pentru
solul respectiv in functie de potentialul biologic natural al
culturii agricole si de proprietatiile fizico-chimice ale
acestuia, corelate cu istoricul productivitatii.

Prevederea inainte de recoltat aduce date concrete
asupra productiei totale intr-o ferma (societate agricola) pe
0 zona ecologica, pe intreaga suprafata arabila, pe culturi.
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In the yield forecasting are used modern mathematical
methods which require a prior modeling of the process that
we study, which is inserted into the computer. The model
that should be developed must reflect the mechanism of
the interdependence of factors; must provide an effective
and rational development of production; must ensure the
use of all resources that are available by the grower.

By implementing the concept of "precision agriculture"
there are created the conditions of achieving of the
following objectives:

- practising a sustainable agriculture;

- increasing the production per unit of area;

- reducing the price per unit of production;

- improving agricultural productivity [5].

MATERIALS AND METHOD

For measuring the soil properties are needed accurate
and inexpensive methods that help explaining the
productivity maps and improving the strategies underlying
the concept of precision agriculture. Starting from this, soil
mapping using electrical conductivity (EC) was developed
to identify areas with contrasting soil properties. In addition
it has also been carried out a wide range of sensors which
must measure and map several properties of soil and
plants. Soil electro-conductivity (EC) measurement is one
of the easiest and less costly method of precision farming
to be performed nowadays. Electro-conductivity (EC) of
soil is a measurement that integrates many soil properties
which, at their turn affect agricultural crops productivity and
it was determined with the equipment VERIS MSP 3150.

The equipment VERIS 3150 MSP consists of six
electrodes for measuring EC, located in the front of the
platform (Fig. 1), these being some rotating disks placed at
2.5:5 cm depth into the soil. While the frame is moved
along the ground, a pair of electrodes send electric current
into the soil, while the other two pairs of electrodes
measure the voltage drop. When the electrodes (the discs)
are at the maximum constructive distance, the conductivity
is measured at 1.1 meters depth [7].

INMATEH - ? s 1

In prognoza recoltei se folosesc metode matematice
moderne care necesita in prealabil o modelare a
procesului pe care il studiem, care se introduce fin
calculator. Modelul ce se elaboreaza trebuie sa reflecte
mecanismul de functionare a interdependentei factorilor;
sa ofere o solutie eficientd si rationald de dezvoltare a
productiei; sa asigure folosirea tuturor resurselor ce sunt
puse la dispozitie de cultivator.

Prin implementarea conceptului de ,agriculturd de
precizie” se creeaza conditile pentru atingerea
urmatoarelor obiective:

- practicarea unei agriculturi durabile;

- cresgterea productiei pe unitatea de suprafata;

- reducerea pretului de productie pe unitatea de produs;

- cresterea productivitatii in agricultura [5].

MATERIALE S| METODA
Pentru masurarea proprietatilor solului sunt necesare metode
precise i necostisitoare, care ajuta la interpretarea hartilor de
productivitate si Tmbunatatirea strategiilor ce stau la baza
conceptului de agricultura de precizie. Pornind de la aceasta,
maparea solului cu ajutorul conductivitatii electrice (EC) a fost
dezvoltata pentru a identifica suprafetele cu proprietati contrastante
ale solului. Tn plus a fost realizatd o gamé largé de senzori care
sa masoare si sa carteze multe proprietati ale solului si plantelor.
Electro-conductivitatea (EC) solului este una din determinarile
cele mai simple si mai putin costisitoare pentru agricultura de
precizie, care pot fi efectuata astazi. Electro-conductivitatea
(EC) solului este 0 masurare care integreaza multe proprietati
ale solului care la randul lor afecteaza productivitatea culturilor
agricole si a fost determinata cu echipamentul VERIS 3150 MSP.
Echipamentul VERIS 3150 MSP este format din 6
electrozi pentru masurarea EC, situati in partea din fata a
platformei (Fig. 1), acestia fiind niste discuri rotative plasate la
2,5+5 cm adancime in sol. Tn timp ce cadrul este deplasat
de-a lungul terenului, o pereche de electrozi transmit
curent electric in sol, in timp ce alte 2 perechi de electrozi
masoara caderea de tensiune. Cand electrozii (discurile)
sunt la distanta maxima constructiva, conductivitatea
este masurata la 1,1 metri adancime [7].

Fig. 1 - The electro-conductivity soil mapping system VERIS 3150 with electro-conductivity sensors (center) /
Sistemul pentru cartarea electro-conductivitatii solului VERIS 3150 cu senzorii de electro-conductivitate (centru)

Agricultural  productivity data were determined
experimentally in 2010 with a monitoring system for grain
production MICRO TRAK type mounted on different types
of harvesters (combines), used in the places where
experiments were conducted. The Micro-Trak Grain-Trak's
system (Fig. 2) uses a force transducer to measure the
existing flow of grain existing in the elevator for threshed /
cleaned grains. The basic components of the system
Micro Trak model C05 000 are:
¢ Production sensor - measures grain flow rate in time;
e Speed sensor — indicates the working speed in order to
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Datele de productivitate agricola au fost determinate
experimental in anul 2010 cu ajutorul unei sistem de
monitorizare a productiei de cereale tip MICRO TRAK montat
pe diferite tipuri de masini de recoltat (combine), utilizate in
locurile unde s-au efectuat experimentarile. Sistemul Micro-
Trak's Grain-Trak (Fig. 2) utilizeaza un traductor de forta
pentru masurarea debitului de cereale existent in elevatorul
de cereale treierate / curatate. Componentele de baza ale
sistemului Micro Trak model C05 000 sunt:

e  Senzorul de productie — masoara debitul de cereale in timp;
e Senzorul de viteza — indica viteza de lucru pentru a se



Vol. 33, No.1 /2011

calculate the crop according to the relevant surface;

e Humidity sensor — measures grain moisture content,
the obtained value being an average of humidities
during the harvest;

e GPS receiver — signal and positions receiver from the
satellites of the global positioning system;

+ Differential correction receiver — GPS signals are
corrected by providing more accurate data on the

position;
e Operating interface — receives datas from the
combine  operator and displays processed

informations on-board computer in the cabin;

e Tipping sensor — the sensors from the combine
platform at the end of the furrow designed to prevent
the production double counting;

e Onboard computer — mounted in the combine cabin,
which receives output datas from various sensors and
entrance dates from the combine operator, processes
and / or informations concerning production on a
special memory card (flash memory). [4], [6]

Tests were conducted in June-July 2010, and MICRO
TRACK system has been installed and adjusted for each
type of harvester and culture found in three places of
experiments:

e INMA Bucharest testing field: combine C110H, at
seed rape harvesting;

e USAMV Timisoara: combine MDW 527 STS, at
harvesting of wheat;

e INCDA Fundulea: experimental combine
WINTERSEIGR, the harvested culture being
wheat for seed.

force transducer /

elevator / traductorul de forta

elevator &)\
\ \\Vd
N

__measuring fingers /
degete de masurare
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putea calcula recolta dupa suprafata luata in studiu;

e  Senzorul de umiditate — masoara umiditatea cerealelor,
valoarea obtinuta fiind o mediere a umiditatilor
obtinute in timpul recoltarii;

e Receptor GPS — receptor de semnal si pozitii de la
satelitii sistemului de pozitionare globala;

o Receptor diferential de corectie — semnalele GPS
sunt corectate furnizandu-se date mult mai precise
asupra pozitiei;

e Interfatd de operare — primeste date de la operatorul
combinei si afigeaza informatii procesate 1in
calculatorul de bord din cabina;

e Senzorul de basculare — senzorii de la platforma
combinei la capatul brazdei pentru a preveni
inregistrarea dubla a productiei;

e Calculator de bord — montat in cabina combinei,
primeste date de iesire de la diferiti senzori si datele
de intare de la operatorul combinei, procese si/sau
informatii privind productia pe un card de memorie
specializat (flash memory). [4], [6]

Tncercarile s-au desfasurat in perioada iunie-iulie 2010,
iar sistemului MICRO TRACK a fost montat si ajustat pentru
fiecare tip de combina si cultura intalnita in cele trei locuri de
desfasurare a experimentarilor:

e Poligon INMA Bucuresti: combina C110H,
recoltat rapitd de samanta;

¢ USAMV Timisoara: combina MDW 527 STS,
cultura recoltata a fost grau;

¢ INCDA Fundulea: combinda experimentala
WINTERSEIGR, cultura recoltata fiind gréau
pentru samanta.

la

-

Fig. 2 - Micro-Trak Grain-Trak & AGCO FieldStar system / Sistemul Micro-Trak Grain-Trak & AGCO FieldStar

For the interpretation of yield maps, farmers are facing
with some major problems: the existence of a culture
variation higher than expected, the cause of this variation
and how to fix it. There are several causes of these
variations on maps of productivity among which the most
important being the soil texture, its degree of compaction,
soil moisture, fertility, insects or weeds pressure on the
respective culture and cultivated hybrid variety and the
dynamics of crop rotation, etc.

The first measure to be performed prior to processing
the two types of electro-conductivity data is that raw data
need to be filtered by removing very large values, very
small values or the negative values so that the remaining
data can be representative for the lands from which the
data were recorded.

This way, electro-conductivity and productivity data will
be statistically speaking analyzed using various programs
as Excel, SPSS — Statistics Data, Mathcad, MatLab, etc.

Synthetic variation indicators aim to summarize in a
single value the terms variations of the average measured.
. Synthetic variation indicators, similar to central tendency
indicators must be based on all observations, be easily
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Pentru interpretarea hartilor de productivitate, agricultorii
se confrunta cu cateva mari probleme: existenta unei variatii a
culturii mai mari decat se preconiza, cauza acestei variatii $i cum
se poate remedia. Exista mai multe cauze care determina aceste
variatii pe hartile de productivitate, printre cele mai importante
fiind textura solului, gradul de compactare al acestuia,
umiditatea solului, fertilitatea acestuia, presiunea exercitata de
insecte sau de buruieni asupra culturii repective precum si
varietatea hibridului cultivat si dinamica rotatiei culturilor etc.

Prima masura care se impune inainte de a se efectua
procesarea celor doua tipuri de date electro-conductivitate
respectiv productivitate, este aceea ca datele brute
trebuiesc filtrate prin inlaturarea valorilor foarte mari, foarte
mici sau a valorilor negative astfel incat datele ramase sa
fie reprezentative pentru terenurile de pe care au fost
culese.

Astfel datele de electro-conductivitate si productivitate vor fi
analizate statistic folosind diverse programe de calcul matematic
cum ar fi Excel, SPSS — Statistics Data, Matcad, MatLab, etc.

Indicatorii sintetici ai variatiei au drept scop sa
sintetizeze ntr-o singura valoare variatia termenilor de la
media masurata. Indicatorii sintetici ai variatiei, la fel ca si
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calculated, easy to understand and to be the least affected
by fluctuations in selection.
Synthetic variation indicators are :
- linear mean deviation ;
- standard deviation ;
- dispersion ;
- variation coefficient [1], [2].
Linear mean deviation is calculated as a simple or
weighted arithmetic mean, as an absolute value, the
relation (1) :
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indicatorii tendintei centrale trebuie sa se bazeze pe toate
observatiile, sa fie usor de calculat, usor de inteles si sa fie
cat mai putin afectati de fluctuatiile de selectie.
Indicatorii sintetici ai variatiei sunt:
- abaterea medie liniara ;
- abaterea medie patratica;
- dispersia;
- coeficientul de variatie [1], [2].
Abaterea medie liniard se calculeaza ca o medie
aritmetica simpla sau ponderata, luata in valoare absoluta,
relatia (1):

n
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Linear mean deviation has the disadvantage that it
neglects the fact that large deviations in absolute value
have a greater influence on the degree of variation of a
characteristic, compared with small deviations. In addition,
it is not indicated to arbitrarily abandon the values from
which an average value is calculated. For these reasons is
used as the main synthetic variation indicator the standard
deviation [1].

The standard deviation (o) is calculated as a square
mean of all variation elements of the series from their
arithmetic mean, the relation(2):

This indicator is more conclusive than linear mean
deviation. By the square raising is given a more
importance to large deviations in absolute value,these
influencing in a greater extent the degree of variation of the
analyzed variables.

In the literature it is estimated that for a number of
normal distribution linear mean deviation equals 4/5 out of
the mean square deviation.

The standard deviation is a key indicator,that is used to
analyze variation, to estimate the selection errors in the
calculation of correlation.

Similar to the average linear deviation, square mean
deviation is expressed in the units of the variable whose
variation characterizes it. Therefore, the two indicators can
not be used for comparing the degree of variation and in
such case, another indicator of variation is used: the
coefficient of variation.

The coefficient of variation (v) is calculated as a ratio
between standard deviation and arithmetic mean. Usually it
is expressed as a percentage, relation (3):

v=2.100
X

Meaning. As the value of v is closer to zero variation is
much weaker, collectivity is more homogeneous, the
average having a high degree of representativeness. The
higher the value of v gets ,the more intense the variation
is, the more heterogeneous the collectivity is, and the
average has a low level of significance.

It is estimated that at a coefficient surpassing 35-40%,
mean is not representative any more, data must be
separated in a series of components, on groups,
depending on other groupping characteristics variation.

It can be said that this indicator can be used as a test in
applying the method of groupping. If the arithmetic mean is
almost zero, coefficient of variation is not significant [2].

Dispersion (0'2) is the mean squared deviation of the
arithmetic mean, equation (4):

o? :12 —?E

n
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Abaterea medie liniara prezintd dezavantajul ca nu tine
seama de faptul ca abaterile mai mari in valoare absoluta
influenteaza in mai mare masura gradul de variatie a unei
caracteristici, in comparatie cu abaterile mici. in plus, nu
este indicat s& se renunte in mod arbitrar la semnul
valorilor din care se calculeazd o valoare medie. Din
aceste considerente se foloseste ca principal indicator
sintetic al variatiei abaterea medie patratica [1].

Abaterea medie patraticd sau abaterea standard (o) se
calculeaza ca o medie patratica din abaterile tuturor
elementelor seriei de la media lor aritmetica, relatia (2):

n

A 2

Acest indicator este mai concludent decéat abaterea
medie liniara. Prin ridicarea la péatrat se da o importanta
mai mare abaterilor mari in valoare absoluta, acestea
influentdnd intr-o masura mai mare gradul de variatie al
variabilelor analizate.

in literatura de specialitate se apreciazé ca pentru o
serie de distributie normald abaterea medie liniara este
egala cu 4/5 din valoarea abaterii medii patratice.

Abaterea medie patratica este un indicator de baza,
care se foloseste la analiza variatiei, la estimarea erorilor
de selectie n calculul de corelatie.

La fel ca abaterea medie liniara, abaterea medie
patratica se exprima in unitatea de masura a variabilei a
carei variatie o caracterizeaza. Prin urmare cei doi
indicatori nu se pot folosi pentru compararea gradului de
variatie si in aceasta situatie se recurge la un alt indicator
de variatie: coeficientul de variatie.

Coeficientul de variatie (v) se calculeaza ca un raport
intre abaterea medie patratica si media aritmetica. De
obicei se exprima sub forma de procente, relatia (3):

®)

Semnificatie. Cu cat valoarea lui v este mai aproape
de zero cu atét variatia este mai slaba, colectivitatea este
mai omogena, media avand un grad ridicat de
reprezentativitate. Cu cét valoarea lui v este mai mare cu
atat variatia este mai intensa, colectivitatea este mai
eterogend, iar media are un nivel de semnificatie scazut.

Se apreciaza ca la un coeficient de peste 35-40%,
media nu mai este reprezentativa si datele trebuie
separate in serii de componente, pe grupe, in functie de
variatia unei alte caracteristici de grupare.

Se poate afirma ca acest indicator poate fi folosit ca un
test in aplicarea metodei gruparii. Daca media aritmetica este
aproape de zero, coeficientul de variatie nu are semnificatie [2].

Dispersia (0'2) este media patratelor abaterilor de la
media aritmetica, relatia (4):

(4)
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The dispersion measure refers to the «dispersal» of the
values from a data set. Mean has no importance if is
applied to a very dispersed set of data.

Dispersion measures, expressed as units of measurement
of the phenomenon studied are not always useful when
comparing the dispersions of two or more series.
Comparing dispersions of two or more series is useful in
the following two situations:

a) series being compared can be expressed in the
same units,and averages may be the same or
approximately equal.

b) series being compared can be expressed in the
same units,but averages are different.

If the series are expressed in different units, dispersions
can not be compared directly. For that, many times the
standard deviation is used instead of the dispersion. [1]
Skewness

The standard deviation and dispersion are indicators
which give a measure of dispersion values in a frequency
distribution. In a certain sense they provide a measure of
"width" distribution. A perfectly symmetrical distribution has
no distortion (skewness = 0). There are several ways to
measure distortion. We have the following situations:

e |If S<0 have a negative distortion;

+ If S>0 have a positive distorsion.

The most commonly used is equation (5), where the
numerator is the cubic deviation of the values from the
mean, and o is the standard deviation [1].

S =

Kurtosis
Kurtosis provides a measure of extending toward
values that are concentrated in one part of the frequency

distribution. If a class of a frequency distribution contains a
very large part of the distribution values, then the
distribution has a high degree of kurtosis and the shape is
sharper.

In a distribution with a low degree of kurtosis (flat
distribution ) each class contains a similar proportion of all
values. For the normal distribution we have K = 3, for a
sharp distribution K> 3, and a flat distribution K <3 [2].

Relation 6 used for k is :

K:

Correlation coefficient

The correlation coefficient r is the standardized version
(by dividing the product to the two variables standard
deviations) of the co-variance coefficient cov (X, Y).

We say that r is standardized, instead of cov because it
has a fixed range of variation, between -1 and 1. Thus, one
can compare the calculated correlation coefficients
between different variables, on different data sets or at
different times. It is important, however,that largest data
sets involved in the comparisons are similar, coefficient
size depending on the number of cases.

e -1 means a perfect negative correlation;
e 1 a perfect positive correlation and,;
e 0 no correlation.

The correlation coefficient between X and Y shows the
number of standard deviations with which X increases for a
a standard deviation of Y. The converse is also true. As
the coefficient size varies depending on the number of
cases tending to decrease along with the increasing
number of individuals, its interpretation force can not be
based only on the size of the test itself. An important value
for explaining the correlation is the correlation coefficient
significance test . This test checks the null hypothesis that r
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Masura dispersiei se refera la «imprastierea» valorilor
dintr-un set de date. Media nu are semnificatie daca se
aplica pe un set de date foarte dispersate.

Masurile dispersiei, exprimate sub forma unitatilor de
masura ale fenomenului cercetat, nu sunt intotdeauna utile
atunci cand se compara dispersiile a doua sau mai multe
serii. Compararea dispersiilor a doua sau mai multe serii
da rezultate in urmatoarele 2 situatii:

a) sirurile care se compara pot fi exprimate in aceleasi
unitati, iar mediile pot fi aceleasi sau au dimensiuni
aproape egale.

b) sirurile care se compara pot fi exprimate in aceleasi
unitati, insd mediile difera.

Daca seriile se exprima in unitati diferite, dispersiile nu
pot fi comparate direct. De aceea de multe ori se foloseste
abaterea medie patratica in loc de dispersie. [1]

Asimetrie

Abaterea medie patratica si dispersia sunt indicatori
care dau o mdasura a imprastierii valorilor intr-o distributie
de frecventa. Intr-un anume sens ele oferd o masura a
«latimii» distributiei. O distributie perfect simetricd nu are
distorsiune. Existd mai multe metode de masurare a
distorsiunii. Avem urmatoarele situatii:

e daca S <0 avem distorsiune negativa;

e« daca S >0 avem distorsiune pozitiva.

Cea mai uzitata este relatia (5), unde la numarator
avem deviatia cubica a valorilor fatd de medie, iar o este
abaterea medie patratica [1].

2 (x=x)° -

no?’
Exces

Excesul dd o masura a extinderii inspre valorile care
sunt concentrate Tntr-o parte a distributiei de frecventa.
Daca o clasa intr-o distributie de frecventa contine o foarte
mare parte din valorile din distributie, atunci distributia
prezinta un mare grad de exces, iar forma este mai
ascutita.

Tntr-o distributie cu un grad mic de kurtosis (distributie
plata) fiecare clasa contine o proportie similara din toate
valorile. Pentru distributia normald avem K=3, pentru o
distributie ascutita K>3, iar pentru o distributie plata K<3 [2].

Relatia 6 folosita pentru k este:

26%° ©

no*
Coeficientul de corelatie

Coeficientul de corelatie r este varianta standardizata
(prin impartire la produsul abaterilor standard ale celor
doua variabile) a coeficientului de covarianta cov (X,Y).

Spunem ca r este standardizat, spre deosebire de cov,
deoarece are interval fix de variatie, intre -1 si 1. Astfel, se
poate compara coeficienti de corelatie calculati intre
variabile diferite, pe seturi de date diferite sau in momente
diferite. Este important, totusi, ca marimile seturilor de date
implicate in comparatii s& fie asemanatoare, marimea
coeficientului depinzand si de numarul de cazuri.

« -1 semnifica o corelatie negativa perfecta;
« 1 o corelatie pozitiva perfecta iar;
« 0 absenta corelatiei.

Coeficientul de corelatie dintre X si Y aratd cu cate
abateri standard proprii variaza X la cresterea cu o abatere
standard a lui Y. Reciproca este si ea adevarata. Intrucat
marimea coeficientului variaza in functie de numarul de
cazuri, tinzand sa scada odata cu cresterea numarului de
indivizi, interpretarea tariei acestuia nu se poate baza doar
pe marimea testului Tnsusi. O marime importantd pentru
interpretarea corelatiei este testul de semnificatie al coeficientului
de corelatie. Acest test verifica ipoteza nula ca r nu se
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does not significantly deviate from 0. If the null hypothesis
probability is less than 0.05, we reject it and affirm that we
have a significant correlation. Specialized statistical
programs (eg SPSS) are working with two thresholds of
significance: 0.05 and 0.01. Tests of significance less than
0.01 indicate very strong correlation.

Correlation coefficient relation between two numeric
variables X and Y is:

:cov(X,Y):E[ Xy Y-u |
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abate semnificativ de la 0. Daca probabilitatea ipotezei nule
este mai mica de 0,05, o respingem si afirmam ca avem o
corelatie semnificativa. in programele specializate de
statistica (de exemplu SPSS) se lucreaza ca doua praguri
de semnificatie: 0,05 si 0,01. Testele de semnificatie mai
mici de 0,01 indica corelatii foarte puternice.

Relatia coeficientului de corelatie dintre doua variabile
numerice X §i Y este:

XY
o-X O-Y

RESULTS

Methods used for EC data processing and productivity
are: visual analysis method / intuitive raw experimental
data obtained from tests carried out on parcels tested and
processing method using mathematical functions and
statistical models.

Results using visual / intuitive analysis method

The first step is viewing both types of maps, both
electro-conductivity and culture (productivity). Following
the comparative analysis, were differentiated areas with
CE contrasting values and productivity values based on
the recorded values. At the same time, for each location
the representation of the soil profile according to altitude
was conducted. These maps were used to identify the
unevenness of the lands tested, and indirectly to identify
areas with low water drainage, high humidity or high
degree of soil compaction.

Therefore, further on were placed in parallel the two
maps models for each location ELECTRO-CONDUCTIVITY
(EC) - PRODUCTIVITY (culture map). There have been
identified on each map the areas with similar values and
were marked accordingly (Fig. 3 and 4).

Location/Locatie: Fundulea

(6)
GX O-Y

REZULTATE

Metodele folosite pentru procesarea datelor de EC si de
productivitate sunt: metoda de analiza vizuala/intuitiva pe baza
datelor experimentale brute obtinute in urma probelor efectuate
pe parcelele supuse examinarii si metoda procesarii cu ajutorul
functiilor matematice si modelelor statistice.

Rezultate obtinute utilizind metoda de analiza vizualfintuitiva
Prima etapa este reprezentata de vizualizarea ambelor
tipuri de harti, atat de electro-conductivitate cat si de cultura (de
productivitate). Tn urma analizei comparative s-au diferentiat
zone cu valori contrastante de EC si de productivitate in functie
de valorile Tnregistrate. De asemenea, s-a realizat pentru
fiecare locatie in parte reprezentarea profilului solului in functie
de altitudine. Aceste harti au fost folosite pentru identificarea
denivelarilor din cadrul terenurile supuse analizei, si indirect
pentru identificarea zonelor cu un grad scazut de drenare a
apei, umiditate mare sau grad de compactare a solului ridicat.
Astfel in continuare s-au pus in paralel pentru fiecare
locatie cele doud modele de héarti ELECTRO-
CONDUCTIVITATE(EC) - PRODUCTIVITATE (harta de
culturd). S-au identificat pe fiecare harta zonele cu valori
apropiate si au fost marcate corespunzator.(Fig.3 si 4).

Soil type:reddish brown forest/ Tipul solului: brun roscat de padure
Farmland condition:Processed/Stare teren agrico:Prelucrat.

Culture: Sun Flower/ Culturo:Floarea Soarelui

Depth electroconductivity(90cm)/ Electroconductivitate de adancime(90cm)
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Fig. 3 - EC contransting differentiated area representation of electro-conductivity map in INCDA Fundulea location /
Reprezentarea diferentiata a zonelor cu EC contranstant pe harta de electro-conductivitate in cadrul locatiei INCDA Fundulea
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Fig. 4 - Differentiated representation of contrasting productivity areas on cultural map in INCDA Fundulea location /
Reprezentarea diferentiatd a zonelor cu productivitate contranstantd pe harta de cultura in cadrul locatiei INCDA Fundulea

Following the analysis on the parcel | from INCDA
Fundulea of reddish brown forest soil, after area
representation on the two models of electrico- conductivity
maps it can be observed the presence of two distinct
areas of EC, an area with a deep electro-conductivity in
the range of 22+-32 mS/m (represented on map by the
area 1 = area 3 = area 5) and and a range of EC depth
between 1021 mS/m represented on map by area 2 =
area 4. To the surface electro-conductivity map we notice
the presence of two EC distinct areas, an area with a
surface electro-conductivity in the range of 6.8+-9.8 mS/m
(represented on map by the area 1 = area3 = area 5) and
an EC surface in a range between 4.5:6.2 mS/m
represented on map by area 2 = area 4.

On the culture map (productivity) it is noted the
presence of two zones with kilograms contrasting values /
measuring point recorded by the production monitoring
system .So, according to the grid in figure 4 areal = area3
the dominant productivity range is between 0.5+-2 kg, and
area 2 is similar to area 4 with a productivity between
1.4+3.2 kg.

- e

Ly oy

e~

n urma analizei efectuate pe parcela | din cadrul INCDA
Fundulea, sol brun roscat de padure, dupa reprezentarea
zonala pe cele doua modele de harti de electro-conductivitate
se poate observa prezenta a doua zone distincte de EC, o
zona cu o electro-conductivitate de adancime cuprinsa in
intervalul 22+32 mS/m (reprezentata pe harta de zona 1 =
zona 3 = zona 5) si un interval de EC adancime cuprins
intre 10-21 mS/m reprezentat pe hartd de zona 2 = zona
4. Pentru harta de electro-conductivitate de suprafata se
remarca prezenta tot a doua zone distincte de EC, o zona
cu o electro-conductivitate de suprafatd cuprinsa in
intervalul 6,8+9,8 mS/m (reprezentata pe harta de zona 1
= zona 3 = zona 5) si un interval de EC suprafata cuprins
intre 4,5+6,2 mS/m reprezentat pe harta de zona 2 = zona 4.

Pentru harta de cultura (productivitate) se remarca
prezenta a doud zone cu valori contrastante de kilograme
/ punct de masura inregistrate de sistemul de monitorizare
a productiei. Astfel conform caroiajului realizat in figura 4
zona 1 = zona 3 intervalul de productivitate dominant fiind
intre 0,5+2 kg , iar zona 2 este asemanatoare cu zona 4
cu o productivitate cuprinsa intre 1,4+3,2 kg.

e R L

[P -

Fig. 5 - Soil profile map according to the altitude, INCDA Fundulea location /

Harta profilului solului in functie de altitudine,locatie INCDA Fundulea
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Results using statistical and mathematical functions
method

Statistics is a mathematical tool used for processing
and interpretation of numerical information. Thus, after the
the equations presented in the materials and methods for
each location, based on the EC and productivity data were
calculated separately :

- standard deviation;

- correlation coefficient;

- dispersion;

- distortion;

- kurtosis;

- variation coefficient [1], [2];

Following electro-conductivity and productivity data
processing, using statistical and mathematical functions
were obtained the following values from the location of
INCDA Fundulea.

According to the graph in figure 6 is observed a value
of the correlation coefficient R = 0.07021 for the ratio of
EC surface and productivity, correlation being significant
for the threshold of 0.05 [6].

INMATEH - Ageicubtutal Engineering

Rezultate obtinute utilizind metoda functiilor statistice gi
matematice

Statistica este un instrument al matematicii utilizat
pentru prelucrarea si interpretarea informatiilor numerice.
Astfel dupa ecuatiile prezentate Tn materiale si metode s-au
calculat pentru fiecare locatie in parte pe baza datelor de
EC si productivitate:

- abaterea medie patratica

- coeficientul de corelare;

- dispersia;

- distorsiunea;

- excesul;

- coeficientul de variatie [1], [2];

In urma procesérii datelor de electro-conductivitate si
productivitate cu ajutorul functiilor statistice si matematice
s-au obtinut urmatoarele valori pentru locatia INCDA
Fundulea.

Conform graficului din figura 6 se observa o valoare a
coeficientului de corelatie R=0,07021 in cazul raportului
dintre EC suprafatd si productivitate, corelarea fiind
semnificativa pentru pragul de 0,05 [6].

EC Productivity/ Productivitate EC
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Fig. 6 - Graphical representation of linear regression curve for the correlation coefficient for INCDA Fundulea location /
Reprezentarea grafica a curbei de regresie liniard cu coeficientul de corelatie aferent pentru locatia INCDA Fundulea

The correlation coefficient value (Fig. 7) of the the
Productivity / depth EC ratio is 0.021746.

Valoarea coeficientului de corelatie (Fig. 7) in cazul
raportului Productivitate / EC de adancime este de 0,021746.
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Fig. 7 - Graphical representation of linear regression curve for the correlation coefficient for INCDA Fundulea location /
Reprezentarea grafica a curbei de regresie liniard cu coeficientul de corelatie aferent pentru locatia INCDA Fundulea

The representative values for dispersion, distortion,
Kurtosis, variation coefficient were calculated from the
equations presented and grouped in the following table:
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Valorile reprezentative pentru dispersie, distorsiune,
exces, coeficientul de variatie au fost calculate conform
ecuatiilor prezentate si sunt grupate in urmatorul tabel:
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Table 1/ Tabel 1

VARIATION
Parameter / Parametru DISPERSION/ DISTORTIONS/ KURTOSIS COEFFICIENT /
[UM] DISPERSIA DISTORSIUNEA COEFICIENT DE
VARIATIE [%]

EC average depth/EC adancime 62.82246 /
medie [mS/m] 62,82246
EC STDEV depth/ (standard deviation | 4 594495/ | 5 520665/ -0.4827/ 2531725/
/ VEC' VSTDE_V adancime (abatere 1500492 2520665 -0.14613 /-0,14613 -0.4827 2531725
paétraticad medie) [mS/m]
EC average suface/ EC suprafata 21.87032/
medie 21,87032
Egliation?/TDE\é ST%E@”SJZ‘P;Z{‘; 4.17445 | 17.4261/ -0.5881 / -0.10906 / 19.08732 /

) . 4,174458 17,4261 -0,5881 -0,10906 19,08732
(abaterea medie patratica) [mS/m]
Average productivity/ 8.950425 /
productivitatea medie [kg] 8,950425
Productivity
STDEV(standard deviation)/ 4.828821 / 23.31751/ 0.413188/ -0.90669 / 53.95074 /
productivitatea STDEV  (abaterea 4,828821 23,31751 0,413188 -0,90669 53,95074
medie patratica) [kg]
CONCLUSIONS CONCLUzII

For processing raw data of soil electro-conductivity in Pentru procesarea datelor brute de electro-

order to explain the culture maps were used a number of
functions and many mathematical models with statistical
involvement to establish the correlation coefficients
between the two analyzed varabiles EC (Electro-
Conductivity) — PRODUCTIVITY.

The first measure that should be performed before the
two types of data processing, electro-conductivity (EC)
and, respectively, productivity is that they must be filtered
to remove large values, very small values or negative
values.

Analyzing the first two maps, it can be observed that
there are areas of high productivity are located in areas
with low Electro-Conductivity (both surface and depth)
while low-productivity areas correspond to areas with high
Electro-Conductivity, concluding that productivity for this
parcel depends on a physical property of soil, directly
proportional to the Electro-Conductivity. This statement is
supported by the map in Figure 5, because it is obvoius
that the variability of productivity depends on soil profile,
areas with high productivity being found in lower areas,
namely with higher humidity.

Electro-conductivity and productivity data were
statistically analyzed using various mathematical tools like
Excel, SPSS — Statistics Data, Mathcad, MatLab, etc.

At the same time, within the correlation coefficient
significance calculation was taken into account the fact
that the raw data were set up in files of thousands of
points.Forming data pairs (Productivity-EC) was based on
their geographical location, through grids.

Values obtained by this method partially confirm the
results obtained by visual-intuitive method. Therefore,
productivity is significantly correlated with the surface EC
and insignificantly with depth EC, opposite to the visual
intuitive method where the productivity data are correlated
with both the surface and depth EC (according to
correlation coefficient values). Further analyzing the
statistical results it is noticed that productivity and EC data
are symmetrical to the mean (according to the distortion
value). Productivity and EC distribution have a low
kurtosis (flat distribution) each size class containing a
similar proportion from all values. Analyzing in this way
distortion and kurtosis we can conclude that the data
show a normal distribution, and applying their mean and
distortion they will not lead to wrong information.
Scattering productivity data is quite high,beacause of the
border errors occurred when mapping was done, as well
as mapping the dead zones (errors caused by the dead
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conductivitate ale solului in scopul interpretarii hartilor de
cultura s-au folosit o serie de functii si modele matematice
multe cu implicare statistica pentru stabilirea unor
coeficienti de corelare intre cele doua varabile analizate
EC (Electro-Conductivitate) — PRODUCTIVITATE.

Prima masura care se impune inainte de a se efectua
procesarea celor doua tipuri de date electro-conductivitate
(EC) respectiv productivitate, este aceea ca acestea
trebuiesc filtrate prin inlaturarea valorilor foarte mari,
valorilor foarte mici sau a valorilor negative.

Analizand primele doua harti, se poate observa ca zonele
de productivitate ridicata se gasesc in zonele cu electro-conductivitate
scazuta (atat de suprafata cat si de adancime) in timp ce
zonele cu productivitate scazuta corespund zonelor cu electro-
conductiviatate ridicata, concluzionand astfel ca productivitatea
pentru aceasta parcela depinde de o proprietate fizica a solului,
direct proportionald cu Electro-Conductivitate. Aceasta
afirmatie este sustinuta si de harta din figura 5, deoarece
se poate observa ca variabilitatea productivitati depinde de
profilul solului, zonele cu productivitate ridicatd gasindu-se
in zonele mai joase, deci cu umiditate mai ridicata.

Datele de electro-conductivitate si productivitate au fost analizate
din punct de vedere statistic folosind diverse instrumente de calcul
matematic ca Excel, SPSS — Statistics Data, Matcad, MatLab, etc.

De asemenea in calculul semnificatiei coeficientului de
corelare s-a tinut cont de faptul ca datele brute s-au
constituit in figsiere de ordinul miilor de puncte. Formarea
perechilor de date (Productivitate-EC) s-a facut in functie
de pozitionarea geografica a acestora, prin caroiere.

Valorile obtinute prin aceasta metoda confima partial rezultatele
obtinute prin metoda vizual-intuitiva. Astfel productivitatea se
coreleaza semnificativ cu EC de suprafata si nesemnificativ
cu EC de adancime, spre deosebire de metoda vizual-intutiva in
care datele de productivitate se corelau atat cu EC de suprafata
cat si cu EC de adancime (conform valori coeficient de corelare).
Analizand in continuare rezultatele statistice, se observa ca
datele de productivitate si de EC sunt simetrice fata de medie
(conform valoare distorsiune). Distributia productivitatii si EC-
ului prezintd un grad mic de exces (distributie plata) fiecare
clasa de marimi continnd o proportie similara din toate valorile.
Analizand astfel distorsiunea si excesul putem concluziona
ca datele prezinta o distributie normala, si aplicandu-le media
si distorsiunea acestea nu vor conduce la informatii
eronate. Impréstierea datelor de productivitate este destul
de mare, fapt datorat si erorilor de granita intervenite in
momentul cartarii, cat si zonelor moarte de cartare (erori
datorate timpului mort intre momentul de incepere al
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time between the start of harvest and actual time of data
recording in the productivity monitor) [8].
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Abstract: The results presented within this paper refer to
the optimization of working process of trailed harvesting
combines designed at corn complete harvesting by
detaching the corn cobs. The theoratical models in specialty
literature have not had the expected outputs, therefore, this
paper’s authors have defined a theoretical-empirical way of
optimization based on the aggregate tests results and their
numerical processing.This optimization method represents
the first result of researchings to be presented here. The
manner of building the goal functions is another original
output obtained by the paper’s authors, which have been
not limited to simple statistical processing, but they looked
for those expressions of functions objective which have a
reasonable physical explanation. As a final result of the
working method were obtained optimum values of working
speed of the aggregate in two mathematical modeling
versions of traction force. The subsequent experiences
shall decide which one of these models is the most
accuarate in comparison with reality. This method and its
results form a research and engineering practice form an
apparatus that could provide for optimum combinations for
the majority of agricultural mechinery.

Keywords: corn harvester, optmization, working
regime
INTRODUCTION

The optimization of agricultural machinery working
regimes is a domain tackled in many specialty papers,
even in economic literature related to agriculture. Among
the reference papers in the field we have to mention [1],
[4], [5], [6], [7]- The approching methods are multiple and
aim at energetic consumption, working capacity, traction
forces or others and have as optimizing parameters either
the working speed, or the working width, or other
geometrical or kinematic characteristics appropriate to
agricultural machinery working process.

The material presented in this paper is genuine by the
manner in which the objective function is built, namely
starting from exact experimental data, obtained during the
workig process. The numerical method serves at building
the traction force function suitable to working width, which
shall be optimized by simultaneously creating the aimed
working capacity. As the traction force function specific to
working width is built on experimental bases, it is obvious
that the obtained result is a particular one, being
characteristic for the equipment from which the
experimental data were gathered. The working method is
a general method being able to be applied to a various
range of equipment, either in testing stage or in
exploitation stage. Furthermore, in building the traction
force function we have continously taken into account the
theoretical principles on physical structure of resistance
force put up to agricultural machines.

The results obtained have allowed to calculate an
optimum working speed and appropriate working capacity.
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Rezumat: Rezultatele prezentate in acest articol se referd
la optimizarea procesului de lucru al combinelor tractate
destinate recoltérii integrale a porumbului cu detasarea
stiuletilor. Modelele teoretice de optimizarea din literatura
de specalitate nu au dat rezultate satisfacétoare. Din
acest motiv, autorii au definit o cale de optimizare
teoretico-empiricd, bazatd pe rezultatele incercarilor
agregatului si pe prelucrarea numericd a acestora.
Aceastd metoda de optimizare este primul rezultat al
cercetdrilor care este prezentat in articol. Modul de
constructie a functiilor obiectiv este un alt rezultat original
al autorilor, care nu s-au marginit la simpla prelucrare
statistica, ci au cdutat acele expresii ale functiilor obiectiv
care sa aiba o interpretare fizica rezonabild. Ca rezultat
final al metodei de lucru, s-au obtinut valori optime ale
vitezei de lucru a agregatului in doud variante de
modelare matematicd a forfei de tractiune. Experiente
viitoare vor decide care dintre modele este cel mai fidel
realitétii. Metoda gi rezultatele se constituie intr-un aparat
de cercetare si de practica inginereasca ce poate furniza
combinatii parametrice optimale pentru majoritatea
maginilor agricole.

Cuvinte cheie: combina de recoltat porumb, optimizare,
regim de lucru

INTRODUCERE

Optimizarea regimurilor de lucru ale masinilor agricole
este un domeniu abordat in foarte multe lucrari de
specialitate si chiar in literatura de profil economic conexa
cu agricultura. Dintre lucrarile de referinta in domeniu,
amintim [1], [4], [5], [6], [7]. Metodele de abordare sunt
multiple si vizeazd ca funciii obiectiv consumurilor
energetice, capacitatea de lucru, fortele de tractiune sau
altele, si au ca parametri de optimizare fie viteza de lucru,
fie 1atimea de lucru, fie alte caracteristici geometrice sau
cinematice ale procesului de lucru ale maginilor agricole.

Materialul prezentat in aceasta lucrare este original
prin faptul ca se construieste functia obiectiv pornind de la
date experimentale certe, culese in procesul de lucru. Prin
metode numerice se construieste functia forta de tractiune
specifica latimii de lucru, care apoi se optimizeaza cerand
simultan obtinerea unei capacitdti de lucru dorite.
Deoarece functia forta de tractiune specifica unitatii de
latime de lucru este construitd pe baze experimentale,
rezultatul este particular, caracteristic utilajului pe care au
fost culese datele experimentale. Metoda de lucru este
insa generala si poate fi aplicata la o gama foarte variata
de utilaje, fie ca acestea se afla in faza de incercare fie ca
aceste se afld in exploatare. in plus modul de constructie
a functiei forta de tractiune specifica unitatii de latime de
lucru, a tinut seama permanent de principii teoretice
asupra structurii fizice a fortei de rezistentd opuse
maginilor agricole.

Rezultatele obtinute permit calculul unei viteze de lucru
optimale si a capacitatii de lucru corespunzatoare. Aceste
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These results can be applied to most agricultural
machines with minimum experimental efforts.

MATERIALS AND METHODS

In order to obtain the traction force expression appropriate
to working width unit, this paper’s authors use especially
the experimental data shown in table 1, which they will
use afterwards for calculating the total traction force.
Supposing the existance of a working capacity of a certain
desired value, then, it is eliminated the working width between
the expressions of total traction force and working capacity,
the expression resulting for total traction force depending
only on the working width and for which an optimum value
is reserched.More precisely, it is looking for a value of
working speed which diminishes the traction force, in terms of
a desired working capacity. This approach, starting from the
pure theory and not from experimental data is found in [1],
[4] si [5], for example. The introduction of certain experimental
data within the optimization calculation is achieved in [6],
[7] for example. The originality consists in the manner of
building the traction force function specific to working width.
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rezultate se pot aplica la o mare parte din maginile
agricole Tn exploatare cu eforturi experimentale minime.

MATERIALE SI METODE

In esentd autorii folosesc datele experimentale din
tabelul 1, pentru a deduce expresia fortei de tractiune
specifica unitatii de latime de lucru, pe care o folosesc
apoi pentru calculul fortei totale de tractiune. Punand
conditia unei capacitati de lucru cu o valoare doritd se
elimina latimea de lucru intre expresiile fortei totale de
tractiune si capacitatii de lucru, rezultdand pentru forta
totala de tractiune o expresie care depinde numai de
viteza de lucru si pentru care se cauta o valoare optima.
Mai precis se cauta o valoare a vitezei de lucru care sa
minimizeze forta de tractiune, Tn conditiile unei capacitati
de lucru dorite. Acest mod de abordare, dar plecand de la
teoria pura si nu de la date experimentale se gaseste in
[1], [4] si [5], de exemplu. Introducerea unor date
experimentale in calculul de optimizare se face in [6], [7]
de exemplu. Partea originala consta in constructia functiei
forta de tractiune specifica unitatii de latime de lucru.

Table 1/ Tabelul 1

Experimental data obtained with the trailed combine C3 at sweet corn harvesting /
Date experimentale obtinute cu combina tractata C3 la recoltarea porumbului zaharat

Working speed /
Viteza de lucru [m/s]

Traction force specific to working width unit /
Forta de tractiune specifica unitatii de latime de lucru [N/m]

0.558 /0,558 8476.20 / 8476,20
0.711/0,711 9380.95 / 9380,95
0.972/0,972 96666.67 / 96666,67

Structure of traction force function appropriate to
working width unit

The experimental data which substantiate the following
calculation of traction force are shown in table 1 and are obtained
by testing the trailed corn harvesting combine C3 in 2010.

Generally, the resistance forces put up to agricultural machines
during the operation are additive forces, comprising several
positive components, depending on different characteristics
of the working process. At the harvesting machines,
generally, the component terms of the force depend on the
working width, working speed, vegetal matter production
(the harvest density) and technological process. Within this
article we shall take into account only the force component
which depends on the working speed, in terms of
experimental data structure. The authors alternatives for the
calculation of the expression of traction force have been
focussed on I-st and II-nd degree expressions of displacing
speeds, taking into account the fact that they are, first of all,
traditional physically reliable expressions, in specialty literature.

RESULTS

The most tempting variant is the Il-nd degree
polynomial in displacing speed, which either calculated by
the preriquisite that the parabola graphically representing
the funcion should pass through the three experimental
points, or by the method of the smallest squares, produces
the same result. This result leads to an interpollating II-nd
degree polynomial, which passes exactly through the
three points, but has a drawback, reason for which we
evitated this modeling specific to working width unit. This
polynomial, whose coefficients have been calculated by
the methods above led to the apparition of a term with
negative coefficient, which can not be physically
explained. More precisely, when a force negative
component occurs and diminishes the specific traction
force this is not acceptable. Therefore, we can follow two
ways. Within the first variant, we take into account an
incomplete square form:

30

Constructia functiei forta de tractiune specifica unitatii
de latime de lucru

Datele experimentale care stau la baza calculului sunt
date Tn tabelul 1 si sunt obtinute la incercarile combinei
tractate de recoltat porumb zaharat C3 in anul 2010.

in general fortele de rezistentd opuse masinilor
agricole in lucru sunt functii aditive de mai multe
componente pozitive, depinzand de diverse caracteristici
ale procesului de lucru. La masinile de recoltat, in general
termenii componenti ai fortei depind de latimea de lucru,
viteza de lucru, densitatea recoltei si de procesul
tehnologic. Tn acest articol vom considera numai
componenta fortei care depinde de viteza de lucru, data
fiind structura datelor experimentale. Alternativele autorilor
pentru calculul expresiei fortei de tractiune specifica atimii
de lucru s-au focalizat Tn jurul unor expresii de gradul intéi
si doi in vitesele de deplasare, dat fiind faptul ca aceste
sunt, in primul rand expresii consacrate in literatura de
specialitate si cu motivatii fizice solide.

REZULTATE

Cea mai tentanta varianta este polinomul de gradul al
doilea in viteza de deplasare, care fie calculat prin cerita
ca parabola ce reprezinta grafic functia sa treaca prin cele
trei puncte experimentale, fie calculata prin metoda celor
mai mici patrate, produce acelasi rezultat. Acest rezultat
da un polinom de interpolare de gradul al doilea care trece
exact prin cele trei puncte, insa are un dezavantaj pentru
care am optat sa evitam aceasta modelare a functiei de
tractiune specifica unitati de latime de lucru. Acest
polinom , ai carui coeficienti s-au calculat prin metodele de
mai sus, conducea la aparitia unui termen cu coeficient
negativ, termen care nu poate fi explicat din punct de
vedere fizic. Mai precis aparitia unei componente in forta
negative, care sa micgoreze forta specifica de tractiune nu
este acceptabila. Pentru acest motiv putem urma doua
cai. In prima variantd se ia in calcul o forma pétratica
incompleta:
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F(V)=Kg + Kov?

where: Fs is the traction force specific to woking width
unit, v is the working speed, Ko si Kz are coefficient of
square form physically explained. In order to calculate
the coefficients Ko and K; we use the method of the
smallest suares, [5]. The following values are obtalned
Ko =8193.93 N/m, respectively K>=1670.02 Ns 2Im3.

Note. Physically speaking the two coefficients of
square function (1)have a very interesting interpretation
for the subsequent possible theoratical developments.
The fundamental measuring unit, obtalned for
Ko,coefficient by expliciting newton is kg/s and for Kj,
coefficient we similarily obtain kg/m?. Phy5|cally
speaking, taking in view the dimension MT? of
Ko,coefficient, it can be explained as a speed of material
flow which arrives in the combine through the entering
section.. Coefficient Kz, has the dimension ML and can
be physically explained as a surface density of matter
gathered appropriately to entering section.

In figure 1 is shown the graphical representation of
experimental data together with the incomplete II nd
degree interpolation (1). An estimating element’ of
interpolating precision has the value of 215.088.

The working capacity of trailed aggregate is given by
the formula:

U=bv,

where b is the worklng width, in m, and U is the working
capacity in m Ys. For a given working capacity U, the
working width from (2) is explained and is introduced in
(3), obtaining the following formula representing the total
traction force:

F-|—(v)=U(K—0+ szj,
v

Where Fr is the total traction force, in N. For calculating
the optimum speed which performs the diminishing of
total traction force, the derivative of function F1 is
eliminated depending on the displacement speed, v:

di_u( Ko

dv Vv

For b= 2.1 m and working capacity U= 1.95 m“/s, the
coordinates of optimum point are obtained: vop=2.21
m/s, Frop=14386 N, for the optimum working width
calculated with (2), box= 0.88 m. The curve
corresponding to total traction force function and its
minimum point are shown in figure 2.

> +K2]:O’V0pt =
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@
in care: Fs este forta de tractiune specifica unitatii de
latime de lucru, v este viteza de lucru, Ko si Ko sunt
coeficienti ai formei patratice cu interpretare fizica.
Pentru calculul coeficintilor Ko si K2 se foloseste metoda
celor mai mici patrate, [5]. Se obtin urmatoarele valori:
Ko =8193,93 N/m, respectiv K2—167O 02 Ns?/m®.

Observatie. Din punct de vedere fizic, cei doi coeficienti ai
functiei patratice (1), au o interpretare foarte interesanté
pentru eventuale dezvoltari teoretice si experimentale
ulterioare. Unitatea de mdsuré fundamentala, obtinuta pentru
coeficientul Ko, prin explicitarea newtonului, este kg/s iar
pentru coeficientul K, se obtine in acelasi mod kg/m D|n
punct de vedere fizic, avand in vedere dimsnsiune MT? a
coeficientului Ko, acesta poate fi interpretat ca o vitezd a
debitului de material care accede combina prin sectlunea de
intrare. Coeficientul Ka, are dimensiunea ML? si poate fi
interpretat fizic ca o densitate de suprafatd a materialului
cules corespunzatoare sectiunii de intrare a materialui.

In figura 1 este data reprezentarea graficd a datelor
experimentale Tmpreuna cu mterpolarea de gradul al
doilea incompletd (1). Un estimator’ al preciziei de
interpolare prin aceasta metoda are valoarea 215,088.

Capacitatea de lucru a agregatului tractat este data
de formula:

2

in care b este latimea de lucru, in m, iar U este
capacitatea de lucru in m?s. Pentru o capacitate de
lucru data U, se explicita latimea de lucru din (2) si se
introduce in (3), obtindndu-se urmatoarea formula
pentru forta totoala de tractiune:

@)

in care Fr este forta totala de tractiune, in N. Pentru
calculul vitezei optimale care realizeaza minimizarea
fortei totale de tractiune se anuleaza derivata functiei Fr
in raport cu viteza de deplasare, v:

K

4
Ky 4)
Pentru b= 2,1 m si capacitatea de lucru U= 1,95 m“/s,
se obtin coordonatele punctului optimal: vopr=2,21 m/s,
Frop=14386 N, pentru latimea optima de lucru calculata
Cu (2), bopr= 0,88 m. Curba corespunzatoare functiei
fortd totala de tractiune si punctul sau de minim se

observa in figura 2.

.
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¥ experimental data / date experimentale; [FH<}calculated data / date calculate
Fig. 1 - Diagram of experimental data and those obtained by interpolation with incomplete square form. (1) /
Reprezentare grafica a datelor experimentale si a celor obtinute prin interpolare cu forma pétraticd incompleta (1).

* The estimator is the average of the sum of squares of differences between experimental data and calculated data on the interpolation (1) at the
appropriate speeds / Estimatorul este media sumei péatratelor diferentelor dintre datele experimentale si datele calculate pe interpolarea (1) la vitezele

corespunzéatoare.
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FT 20000

10000 ' ' '
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Fig. 2 - Diagram of total force function (3), depending on the working speed /
Reprezentarea grafica a functiei forta totaléd (3), depinzand de viteza de lucru.

The second modality to obtain the traction force
function specific to working width tries to describe this
force as a complete square, which in comparison with
(1), should also have a I-st degree term in the working
speed. This attempt is not requested only for
mathematical reasons, but it corresponds to form of
fulfilling the traction force dependence specific to
working width unit in linear terms in displacement speed,
as it is used in traditional specialty literature, [1], [4], [5],
etc. Actually the attempt of describing this force as
depending on the II-nd degree terms in displacement
speed is determined by the case in which linear
dependences are considered, so obtaining an optimum
point is hard to explain.

As we have already shown, if the square form
describing the total traction force specific to working
width is caculated by the condition that its diagram
contains the three experimental points or by the method
of the smallest squares, a negative linear term is
obtained, which is physically unacceptable. The
alternative to this issue is to minimize minimize the
functional form suitable to the complete sqare form,
including additional conditions for its coefficients, mainly
their positive feature. This type of solution is a
minimizing problem with additional conditions, which are
numerically resolved in the whole usual mathematical
programmes. The functional corresponding to square
function modeling the traction force specific to working
width within the smallest squares method is:

n
F(Ko.Ky.Kp Vi Fsi)=D. Fs Vi -Fg °,
i=1

Where, for this variant, the function of traction force
specific to working width is:

Fs(v)=Kg +Kqv + K2v2 :

Therefore, the funcional form (5) as a result of introducing (6)
in (5), together with the additional conditions have led to
the following formula of the problem:

n
2
F(Ko.Ky.Kp Vi Fgi )= Ko +Kqvj +Kovi® - Fg

i=1

A doua cale de obtinere a functiei fortd de tractiune
specifica unitatii de latime de lucru incearca s& descrie
aceasta forta ca o forma patratica completa, deci care,
fata de (1), sa prezinte si un termen de gradul intai in
viteza de lucru. Aceasta incercare nu se face numai in
scopuri matematice, ci corespunde satisfacerii formei de
dependenta a fortei de tractiune specifice unitatii de
Iatime de lucru de termeni liniari Tn viteza de deplasare,
asa cum se utilizeaza traditional in literatura de
specialitate, [1], [4], [5], etc. De fapt, incercarea de
descrie a acestei forte ca depinzand si de termeni de
gradul al doilea in viteza de deplasare se datoreaza
faptului ca in cazul in care se considera dependente liniare,
obtinerea unui punct optimal este dificil de interpretat.

Asa cum s-a aratat, daca forma patratica ce descrie
functia fortd de tractiune specifica unitatii de latime de
lucru se calculeaza prin conditia ca grficul acesteia sa
contind cele trei puncte experimentale sau prin metoda
celor mai mici patrate, se obtine un termen liniar negativ,
ceea ce fizic este inacceptabil. Alternativa la aceasta
problema este aceea de a minimiza functionala
corespunzatoare formei patratice complete in metoda
celor mai mici patrate, cu conditii suplimentare asupra
coeficientilor acesteia, in primul rdnd conditia de
pozitivitate a acestora. Acest tip de rezolvare este o
problema de minimizare cu conditii suplimentare, care
se rezolva numeric pe toate programele uzuale matematice.
Functionala corespunzatoare functiei patratice care
modeleaza forta de tractiune specifica unitatii de latime
de lucru, in metoda celor mai mici patrate este:

2 (5)

in care, pentru aceasta varianta, functia forta de tractiune
specifica unitatii de latime de lucru are expresia:

(6)
Prin urmare forma functionalei (5) prin introducerea (6)

in (5), impreuna cu conditile suplimentare, conduc la
urmatoarea forma a problemei:

2 .
—>min,

: (@)

K
Ko >0, Ky >4000,K5 > o,K—0> 2.7.

Solving the minimization problem of functional without
the conditions imposed to coefficients corresponds to the
smallest squares method. The supplementary conditions
imposed in the minimizing calculation of the functional
(5), according to (7) correspond to the attempt of approach
as much as possible the theoretical results to the
experimental ones. The Coefficients of square form obtained

2
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Rezolvarea problemei de minimizare a functionalei
fara conditiile asupra coeficientilor corespunde metodei
celor mai mici patrate. Conditiile suplimentare impuse in
calculul de minimizare a functionalei (5), conform (7)
corespund incercarii de a apropia cat mai mult
rezultatele teoretice de cele experimentale. Coeficientii
formei patratice obtinuti prin aceasta metoda au valorile:
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by this method have the following values: Ko =5032.89
N/m, Ky =4000 Ns/m?, respectively K,=1864.03 Ns*/m°.
Note. Similarly, in case of incomplete square form, the
coefficient of linear term in speed, Kj,has the dimension
ML™'T?, being able to be explained as rateflow linear
density.

Function of total traction force is obtained, as previously,
by using the expression of working capacity (2) and has
the form:

FT(V)=U(K—O+K1+K2V]
\"

Annuling the derivative in relation with the speed, v leads
to the same formulae as in the previous case, (4). The
optimum point coordinates are in this case: Von=1.64
m/s, Frop=19689 N, for an optimum working width
resulted with (2), bopr= 1.18 m. The curve appropriate to
total traction force and its minimum point is shown in
Figure 4.

INMATEH - ? s 1

Ko =5032,89 N/m,
K»=1864,03 Ns’/m®.
Observatie. In mod similar cu cazul formei patratice
incomplete, coeficientul termenului liniar in viteza, Ki,are
dimensiunea ML™T™, putand fi interpretat ca densitate
liniara de debit.

Functia forta totald de tractiune se obtine ca in cazul
precedent folosind expresia capacitatii de lucru (2) si are
forma:

Ki =4000 Ns/m? respectiv

(8)

Anularea derivatei in raport cu viteza, v conduce la
aceleasi formule ca 1in cazul precedent, (4).
Coordonatele punctului optimal in acest caz sunt:
Vopt=1,64 m/s, Frop=19689 N, pentru o latime de lucru
optimala rezultata cu (2), 1,18 m. Curba
corespunzatoare functiei forta totala de tractiune si
punctul sdu de minim se observa in Figura 4.

bopt:

MN/m 12000 T T T T
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XX experimental data / date experimentale; [F4=] calculated data / date calculate

Fig. 3 - Diagram of experimental data and data obtained by interpolating with complete square form (3) /
Reprezentare grafica a datelor experimentale si a celor obtinute prin interpolare cu forma pétratica completa (3)
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Fig. 4 - Diagram of total traction force function depending on working speed /
Reprezentarea grafica a functiei forta totald, depinzénd de viteza de lucru.

In figure 3 is given the graphical representation of
experimental data together with the II-nd degree
complete interpolation (3). An estimating element® of
precision of interpolation through this method has the
value of 660.40, namely bigger than for square form (1),
which means that interpolation is less qualitative, but has
a more complete explanation.

Experimental tests

This chapter is aimed at concrete cases, by comparing
the results predicted by the theoretical model, obtained
by numerical calculation, with experimental data.

Tn figura 3 este datd reprezentarea graficd a datelor
experimentale mpreuna cu interpolarea de gradul al
doilea completa (3). Un estimator’ a preciziei de
interpolare prin aceasta metoda are valoarea 660,40,
deci mai mare decét la forma patratica (1), ceea ce
inseamna ca interpolarea este de calitate mai slaba, dar
cu o interpretare fizica mai completa.

Verificari experimentale

Acest capitol este dedicat, pe cazuri concrete prin
compararea rezultatelor prognozate de modelul teoretic
obtinute prin calcul numeric, cu datele experimentale.

2 The estimator is the average of the sum of squares of differences between experimental data and calculated data on the interpolation (1) at the
appropriate speeds / Estimatorul este media sumei péatratelor diferentelor dintre datele experimentale si datele calculate pe interpolarea (1) la vitezele

corespunzatoare.
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Fig. 5 - Sweet corn harvesting combine during the work, when the ch
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opped matter is thrown on the soil /

Combina de recoltat porumb zaharat in lucru varianta cu materialul tocat deversat pe sol

The laboratory experiments and those performed on
INMA testing field with the corn harvesting combine
technical model C3 adapted to sweet corn have been
achieved during 21.08+01.09.2010 and comprised about
60 operating hours. The tests on field aimed at determining
the indexes of exploitation and surveying the harvesting
combine behaviour in production. In order to determine the
qualitative working indexes, the tests have been performed in
sweet corn crops on plane surface, with productions of
8-10t/ha corn cobs, the seeds humidity range being of
35+40%. During the tests, the sweet corn harvesting
combine worked in aggregate with the tractor NH80 (80 HP),
being helped by two trailers, one designed to cobs, the
other to stems mincing matter. The speed range chosen
has been etablished according to cobs vyield, in order to
ensure the working capacity of the combine. There have
been used the I-st and II-nd speed. The tests were
performed on plots representative in terms of production,
grain humidity, ripening level, weeding level etc.

P

Fig. 6 - Field of sweet corn / Lan de porumb zaharat
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Experimentarile in laborator si in poligonul de incercari
al INMA cu modelul combinei de recoltat porumb C3
adaptata pentru porumb zaharat au fost efectuate in
perioada 21.08+-01.09.2010 si au insumat cca. 60 de ore
de functionare. Tncercérile in conditi de exploatare s-au
efectuat in scopul determinarii indicilor de exploatare si
urmaririi comportarii combinei in conditi de productie.
Pentru determinarea indicilor calitativi de lucru si energetici
incercarile s-au efectuat in culturi de porumb zaharat pe
teren plan, cu productii de 8+-10tha stiuleti, umiditatea boabelor
fiind cuprinsa intre 35+40%. La incercari combina de recoltat
porumb zaharat a lucrat in agregat cu tractorul NH80 (80
CP), fiind deservita de doua remorci, una pentru stiuleti
si alta pentru tocatura obtinuta din tulpinile plantelor. Regimul
de viteza ales a fost stabilit in functie de productia de
stiuleti, pentru a se asigura capacitatea de lucru a
combinei. S-a lucrat cu viteza a I-a si a ll-a. Pentru probe
s-au ales parcele reprezentative ca productie, umiditate
a boabelor, grad de coacere, grad de imburuienare etc.
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Characteristics of corn fields where the laboratory tests were performed /
Caracteristicile lanurilor de porumb in care s-au efectuat probele de laborator

Table 2/ Tabelul 2

Dﬁ?" (':\lr(::/ Characteristics / Caracteristici '\(IJL“J/I/ Determined values / Valori determinate

1. Distance between rows / Distanta intre rdnduri cm 70 70

2. Total no. of plants per ha. / Nr. total de plante la ha. Pcs./buc. 64230 56930

3. Plants average height / Indltimea medie a plantelor cm 215 223

4. Inserting point height / Indltimea punctului de insertie cm 98 107

5. Average cobs production / Productia medie de stiuleti kg/ha 10870 4165

6. Efficiency / Randament % 79.5/79,5 79

7. Lying plants / Plante culcate % 1.18/1,18 27127

8. Grains humidity / Umiditate boabe % 40 35

Data regarding the energetic indexes obtained at the equipment testing /
Date privind indicii energetici obtinuti la experimentarea echipamentului

Table 3/ Tabelul 3

Den.no/ N e MU / s
Nr.crt. Specification / Specificatie UM Speed / Viteza
1. Working speed / Viteza de lucru km/h 2.01+2.1/2,01:2,1 2.56 /2,56 3.5/35
2. Average traction force / Forta de tractiune medie daNm 1780-2080 1970 2030
3 Power necessary to traction / Puterea necesara HP/KW / | 12.2+16.6/7.99+2.2 18.2/13.38 25.4/18.67
) pentru tractare CP/kW 12,2+16,6 / 7,99+2,2 18,2/13,38 25,4/18,67
. HP/KW | | 58.4:64.3/42.94:7.27 | 66.8/49.1/ 66,8/49,1 79.2/58.2
4. |Total power/ Puterea totald CPIKW | 58.4-64.3/42.94.7.27 | 66.8/49,1/ 66.8/49.1 |  79.2/58.2
CONCLUSIONS CONCLUzII

1. The two mathematical models of traction force
specific to working width and total traction force are
achieved in order to meet two goals: the first is that of
using the best of the two models during the future tests
and theoretical and empirical optimizations, and the
second aims at capitalizing the physical signification of
coefficients of square forms when wanting to obtain
complex mathematical models of these aggregates
type.The model is generally availabe, being able to be
used for other aggregates too, after obtaining the
experimental data (displacing speeds and traction
forces). Nevertheless, in order to improve the precision
and more easily decide on the optimum variant , it would
be better to perform as many experiments as possible.

2. In terms of completion, as it also presents the linear
component of traction force, the second model is more
interesting and complies with most the specialty

literature. In terms of interpolation precision, the
incomplete variant (1) is superior.
3. The greater resolution experiments in range of

displacing speed-traction force will decide upon the best
model of the two above.

4. Nevertheless, the theoretical extensions of square
forms coefficients (at different operators and their
utilization within balance equations) could lead to
equations with partial derivatives, which describe very
clearly the whole working process, physically speaking.
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1. Cele doua modele matematice ale fortei de tractiune
specifica latimii de lucru si totald, sunt facute in dublu
scop: primul, acela de a folosi in incerca si optimizari
teoretico-empirice viitoare pe cel mai bun dintre acestea,
al doilea, acela de a exploata semnificatia fizica a
coeficientilor formelor patratice in obtinerea unor modele
matematice complexe ale procesului de lucru al acestui
tip de agregate. Modelul are o generalitate larga, putand
fi folosit si la alte agregate, dupa obtinerea datelor
experimentale (viteze de deplasare si forte de tractiune).
Tot atat de evident, pentru cresterea preciziei si luarea
unei decizii mai usoare in ceea ce priveste varianta
optima, ar fi de dorit numar cat mai mare de date
experimentale.

2. Din punctul de vedere al completitudinii, pentru ca
prezinta si componenta liniara a fortei de tractiune, modelul al
doilea este mai interesant si se afla in concordanta cu
literatura de specialitate majoritara. Din punctul de vedere al
preciziei de interpolare, varianta incompleta, (1) este superioara.
3. Urmeaza ca experimente de mai mare rezolutie in
spatiul viteza de deplasare- forta de tractiune sa decida
asupra superioritatii unuia sau altuia dintre modele.

4. n orice caz extinderile teoretice privind coeficientii
formelor patratice (la operatori diferentiali si folosirea lor
in ecuatii de bilant) ar putea sa conduca la ecuatii cu
derivate partiale care sa descrie intreg procesul de lucru
n termeni foarte clari din punct de vedere fizic.
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OBI'PYHTYBAHHS TEXHOJIOrI TA KOHCTPYKTUBHUX TAPAMETPIB 3ACObIB
AJ151 3BUPAHHA OJIIMHOIMO JIBOHY
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Lutsk national technical university (Ukraine)
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Abstract: Development of short fiber separation
technology of oil flax and its further utilization requires the
reasoning of the new technology of harvesting of this
cropper to have the seeds and rotted straw without waste
and preserving the quality parameters. To implement the
new oil flax harvesting technology, the design of combine
harvester and equipment for threshing of flax is
recommended, that can be mounted in the flax harvesting
machine. Obtained connections enable us to provide the
reasoning for rational design parameters of the
recommended machine and correlate them with oil flax
band.

Keywords: harvesting technology, oil flax, combine
harvester, equipment for threshing, flax band, design
parameters

INTRODUCTION

Traditionally oil flax is cultivated for obtaining seeds,
which have a wide range of utilization. The studies
pursued by the scientists proved that it is possible to
separate short fiber from the flax stem which can be used
for making non-woven fiber, paper, absorbent cotton,
cartoon, packaging materials, reinforcement of
compositions. Thus, the necessity appeared to develop a
new technology for harvesting and its implementation,
which could enable obtaining seeds and flax materials for
further separation of fiber.

There are two traditional methods for oil flax
harvesting. They enable to get high quality seeds, i.e.
combine method and two-phase method (Fig. 1). Those
methods imply utilization of the stem only as fertilizer or
fuel material.

The most widely spread combine method implies that
the oil flax should be gathered with combine harvester
which mows and threshes flax. The combine harvester
also peels and forms the roll from ground flax straw. For
utilizing flax straw as fuel material, rolls are collected with
the pick up baler and formed into packs of different
shapes (rolls, bundles (wads)). For utilizing flax straw as
fertilizer, it is pointed in the soil.

Traditional two-phase method implies mowing of oil
flax with the mowing machines and forming of rolls. After
drying and ripening seeds in the rolls, they are collected
and threshed in the combine harvester. The next process
steps are same as in traditional combine method.

New methods of oil flax harvesting imply getting seeds
and flax straw for further separation of the fiber and can
be divided into combine method and two-phase method.

New combine method of oil flax harvesting implies
that the combine harvester cuts stems, forms band of
parallel stems and threshes it. The threshed band after
flattering is spread in the field for ageing, the seeds are
peeled. The flattering of straw helps it even ageing the
straw and facilitates the process. According to this
method, in order to create favourable conditions for
ageing, the band of flax straw is turned. After drying, the
flax straw is collected and formed into packs (rolls, wads),
which are transported to flax processing plants for storing
and processing.
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Pe3rome: Pospobka mexHonoeili 8udinieHHs1 KOPOMmKO20
80fI0KHa 3 OfitIHO20 TILOHY Ma (oo MoCarbLIO20 SUKOPUCMaHHS
sumazae 0brpyHmysaHHs1 HO80I mexHosioeil 36upaHHs ujel
Kyrbmypu, wo 3abesreduwia 6 MOXIIUSICIMb OMpPUMAaHHST HaCHHST i
JiboHompecmu 6e3 empam ma 3i 36epeXXeHHsIM iX SIKICHUX
riokasHukie. [ns peanisauii Ho8oi mexHonoeii 36upaHHs
OnitiIHO20 fIbOHY 3arporoHO8aHO KOHCMpPYKUito kombaliHa
ma npucmpor 0nsi 0O6MOIoYy8aHHS CMPIYKU JIbOHY, W0
Moxe 6ymu ecmaHoereHuUll y JibOHO30uparibHOMy azpeaami.
OmpumaHi  meopemuyHUM  WIISXOM  3arexHocmi
dosegornistomb  0brpyHmMysamu  paujioHaribHi  KOHCMPYK-
mueHi napamempu 3arnporioHO8aHO20 PUCMPO ma
rnog’sisamu ix 3 napamempamu Cmpidku OniiHO20 JIbOHY.

Knrouoei cnoea: mexHosnoeiss 36upaHHs, onitiHUll FbOH,
KombaliH, npucmpilti Onsi 06MOsIoYy8aHHs, CMpidKa J1bOHY,
KOHCMPYKMUGHI napamempu

NEPEOYMOBA

TpagnuiiHO OMiVHWIA NBOH BUPOLLYETLCH 3 METOHD OTPUMAHHS
HaCiHHS, SIKe Ma€ LUMPOKWUIA CMEKTP BUKOPUCTaHHS. NpoBeaeHi
HayKOBLISIMW AOCHMKEHHSA BCTAHOBUIMN MOXITMBICTb BULNEHHS
KOPOTKOrO BOMOKHA 3 CTEONOBOI YaCTUHM OMIMHOMO MbOHY, Ske
MOXHa BVKOPVICTOBYBATU A1 BUMOTORIEHHST HETKAHMX MaTtepiaris,
nanepy, Batu, KapTOHy, MaKyBarbHWX MaTtepianie, a TakoX Ans
apMyBaHHS KOMMO3ULIMHUX MaTepianiB. TakuM Y/HOM, BUHUKNA
HeobXioHICTL ¥ PO3POOLL HOBOI TEXHOIONT 30MpaHHs LiEl KynbTypu
Ta 3aco0iB Ans ii peanisauii, siki 6 403BONMIM oAepXaTh HaCHHSA
Ta NbOHOCUPOBUHY NpUAATHY A BUAINEHHS 3 Hel BOOKHa.

IcHye ABi TpaawvuivHi TexHomorii 36upaHHA OninHOro
NbOHY, O OO03BONAOTL OTPUMATU BUCOKOSIKICHE HACiHHS,
— kombawHoBa Ta posainbHa (puc. 1). Li TexHomorii
nepenbavalTb BUKOPUCTAHHS CTEONOBOI YaCTMHU NuLe y
sIKoCTi gobpmBa Ym nanuvea.

Haiibinbw nowmpeHa TpagyuiiHa kombaiHoBa TeXHOSIOoris
nepenbadae, Wo 36vpaHHs OMiKHOro NMbOHY BiAOyBaETHCA
3epHO30MparbHAM KOMOaHOM, SIKWIA CKOLLYE | OOMOIIOYYE FBOH.
KombalH Takox MpoBOAUTL MEPBMHHE OYMLLEHHA HaCiHHA Ta
(hopMyBaHHS Barika 3 noapioHEHo! NsoHOCornoMu. Mpy BUKOPUCTaHHI
MBOHOCOINOMM Y SIKOCTI Manviea, Barnkvi MgbvpatoTs npecigoupaqem
Ta chopMyrOTL MaKyHKM PI3HOI hopvivt (PYIOHN, THoKW). [Mpn BAKOPUCTaHHI
NbOHOCONOMM Y SKOCTi A06PKBA, ii 3apo6nATL Y I'PYHT.

TpaauuiiHa po3ainbHa TexHororis nepeadayae CKOLLYBaHHS
OFiHOIO FBOHY KOCAPKOHO Ta (hopMYBaHHS BarKiB. [licrns nigCyLLyBaHHS
Ta JAOCTUraHHs HaciHHS Yy Barkax, 34iMCHIONTbL iX NiabupaHHs
Ta 06MOIIOYyBaHHS 3epH_O36VIpaJ'IbHVIM.!(0M63I7|H0_M. Oani
NOCMIAOBHICTb TEXHOMOrYHUX ornepaLii aHanoriyHa [o
TpaauLiiHOT KOMGANHOBOT TEXHOSOTII.

Hosi TexHororii 36upaHHst oniiHOro MbOHY, LU0 nepenbavatotb
OTPUMAHHS HACIHHST Ta NTEOHOTPECTY A1 NMOAASTLLLIOTO BUAINEHHS
3 Hel BOrOKHA, TaKOX MOXHA pO3aiATU Ha KOMGAHOBY Ta PO3LIrbHY.

HoBa kombGalHoBa TexHOrorist 30MpPaHHA OrIVIHOMO JTLOHY, Ska
MPONOHYETLCS, Nepentasgae, LU KoMGaliH 3ajcHoe 3pi3yBaHHA cTedern,
chopMyBaHHs CTPIHKM NaparensHux creben Ta i 0bMonoYyBaHHs.
O6MoroyeHa CTpivKka JI5OHY MICHs MIHOLLEHHS PO3CTUITAETLCS Ha
Mnoni Arst BUNesKyBaHHS, @ HaCiHHSA MPOXOAWTL NEPBUMHHE OHULLIEHHS.
[MrioLLEHHS NIEOHOCOOMU CrIPUSIE i PIBHOMIPHOMY BUNEXKYBaHHIO
y TPECTY Ta MPYCKOPIOE Liel npoLiec. 3a LiEr0 TEXHOSONIEID, 3 METO
CTBOPEHHSA CMPUATIMBUX YMOB AFS1 BUIEXYBaHHS, CTPIUKY
NBbOHOCOMOMKM  0bepTaloTb Y/ MigdaloTb  BOPYLWIHHIO.  [Micns
NepeTBOpPeHHs! NbOHOCOMOMM Yy TPecTy, i migbupatots Ta
hOpMyIOTb Yy NaKyHKU (PYIIOHM, THOKW), siKi TPaHCTOPTYHOTb Ha
NboHONepepobHiI NignNpreMcTBa Ans 36epiraHHs Ta nepepobKu.


mailto:rector@lutsk-ntu.com.ua
mailto:i_dudarev@ukr.net

Vol. 33, No.1 /2011

INMATEH - ? s 1

Methods of ol flax harvesting / Texwonoril 236upansn ONIRHOO NkoNy

V

‘method / Tpagmyina

method / Tpagnuyinwa
POIANLKA TexHONOMA

New combine
method / Hosa
voMBanKoBa TexHONOrin

Fig. 1 - Methods of oil flax harvesting / TexHonozii 36upaHHs 0nitiHO20 IbOHY
1 — mowing / ckowysaHHs1; 2 — threshing / obmonouysanHsi; 3 — roll forming from not-threshed stems / gpopmysaHHs earnka 3 HeobmornoyeHux cmebern; 4 — roll
forming from threshed stems / gpopmysarHsi 8anka 3 obmonodeHux cmeben; 5 — primary seed peeling / nepsuHHe o4uweHHs HaciHHsI; 6 — formation of pack
| popmysaHHs nakyHKy; 7 — formation of band from not-threshed stems / gpopmysaHHsi cmpidku HeobmonodeHux cmeber; 8 — flattering of flax straw / noweHHs
nboHoconomu; 9 — spreading of flax straw / poacmunaHHs iboHoconomu; 10 — ageing / eunexyeaHHsi; 11 — turning of retted flax straw / o6epmaHHs,
8opywiHHsA cmpidku nboHompecmu; 12 — flax pulling / 6paHHs nboHy; 13 — spreading of not-threshed flax band / poscmunaHHs Heobmono4YeHoi cmpidku
1boHy; 14 — elevating of not-threshed flax band / nidHimaHHs HeobmonoueHoi cmpiuku nboHy; 15 — cutting flower heads / sidpizaHHsa cyusimms

New two-phase method implies that the machine for
flax collecting selects oil flax, forms the stem band and
spreads it on the field. After drying and ripening of the
seeds, the band is collected with the machine for flax
collecting and threshing, which cuts the flower heads with
seed capsules from the stems, spreads flax straw and
threshes the seeds, and the machine peels the seeds.
The next process steps are similar to new combine
method.

THE MATERIAL AND METHOD

The equipment for threshing the band, installed in the
combine harvester used for harvesting of oil flax
according to the combine method, and its design
parameters.

RESULTS

To implement new combine method, the oil flax
combine harvester is endowed [2] with the pick up
(collecting) part, threshing part and preliminary seed
peeling part (Fig. 2). The pickup part consists of the
divisions forming stem flows, four section cutting
mechanism and the forwarding mechanism. Each section
in cutting mechanism is of segmental type and is located
at stem flow release area between divisions. The
forwarding mechanism with directing bars is located
above the divisions. The combine harvester is equipped
with flax band forwarding mechanisms, flattering rollers
for flax straw and the shield for spreading the flax straw
band. The flax band threshing mechanism makes the
threshing part of the combine. The part for peeling
contains the upper and lower separators, air-moving
device, seed conveyor, flax chaff tank, flax heap
conveyor, seed elevator, seed unloading conveyor and
seed tank.
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HoBa poaginbHa TexHororis nepegbavae, Lo NboHoOparka
BUOMPaE oninHMIA NOH, hopmye CTpiuKy creben Ta Briagae i Ha
noni. Micna niacylwyBaHHs Ta JOCTUIaHHS HaCiHHS, CTpiyka
ninbupaeTbes NboHoMAdMpaYeM-moroTapkoto [1], sika 3ailicHioe
BiOpi3aHHA CYLIBITb 3 HACHHERVIMIN KOPODOHKaMM Bi, CTEGIIOBOI YaCTVHA
3 HaCTYMHUM PO3CTUIAHHSIM NTbOHOCONOMY | OBMOIOYyBaHHSM
HaCiHHEBOI YacTvHW. Kpim TOro, malumHa 34iMCHIOE MePBUHHE
OUNLLIEHHST HAaCiHHs. [ani nocrnigoBHICTb TEXHOMOMYHMX onepalLiin
aHarioriYHa 0 3anporoHOBaHOI HOBOI KOMOAHOBOI TEXHONOTI.

OB’EKT POBOTHU

MpucTpin aAnst o6MonovyBaHHSA CTPIYKK, LLO MPOMOHYETLCA
BCTAHOBWUTU Yy KOMOaWHi, sIKWA MpusHadeHwi anst 36upanHHs
OniHOro fbOHY 33 HOBOK KOMOGAWHOBOK TEXHOIOrIE0,
LLIO MPOMOHYETLCS, @ TaKOX MOro KOHCTPYKTUBHI NapameTpu.

PE3YJIIbTATU

[na peanisauii HOBOI KOMBAHOBOI TEXHONONI NMPOMOHYETHLCS
KOMOGaNH ONINHOTO NLOHY [2], WO MICTUTbL 30MparnbHy YacTuHY,
MOMOTUMBHY YaCTWUHY Ta YacTWHY Ans NEPBUHHOMO OYULLIEHHS
HaciHHs (puc. 2). 3buparibHa YacTvHa CKaaaeTLCs 3 NOAIbHKIB,
WO hOpMYIOTb MOTOKU CTEGEN, YOTUPU-CEKLIMHOMO pi3aribHoro
MeXaHi3My Ta TPaHCMOPTYHUOro mexaHiamy. KoxHa cekuis
pi3ansHOroO MexaHiamMy CEervIEHTHO-AMCKOBOrO TUMYy Ta posMilleHa
Ha BMXxogj NoToKy cTeben 3 NpocTopy MiX NodineHukamy. Hag
CeKUisIMM PO3MILLIEHO TPAHCTIOPTYHOHUIA MEXaHI3M 3 CrPSIMOBYHOMMA
npyTkamu. KombaliH Takok obriagHaHO CUMCTEMOKO  TpaHCTiopTepis
CTPIYKM MbOHY, NMOLLMIBHUMMK BarnbUSMWU 151 MEOHOCONOMU
Ta LWWTKOM [Ans  PO3CTUMaHHA CTPIYKM  FTIbOHOCONOMM.
MonoTunbHolo 4acTuHO KoMmbGalHa € npucTpin ans
06MOnoYyBaHHs CTPiYKM MbOHY. YacTnHa Anst NepBUHHOIO
OYMLLIEHHS! HACIHHA MICTUTb BEPXHE Ta HWKHE KOMWBHI
peLueTa, BEHTUINATOP, LUHEK HacCiHHs, ByHKep NnsiHOI Monoswy,
LLHEK NIIsHOro BOPOXY, €MneBaTop HaCiHHS, BUBAHTaXXyBaribHUN
LLIHEK HaCiHHs1 Ta ByHKep HaCiHHS.
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Fig. 2 - Combine harvester for oil flax: a — overall scheme; b — harvesting part scheme / Kombatin dr1s1 36upaHHs 0niliHO20 /IbOHY:
a — 3aearnbHa cxema KombatiHa; b — cxema 36uparnbHOi YacmuHuU kombaliHa
1 — divisions / nodinbHuku; 2 — cutting mechanism / pizansHuti mexaHiam; 3 — forwarding mechanism / mpaHcriopmyroyuti mexarism; 4 — flax band forwarding
system / cucmema mpaHcriopmepie cmpidku iboHy; 5 — flax straw flattering rollers / nrowurnbHi 8anbyi dnsi nboHoconomu; 6 —flax band spreading shield / wumox
0na po3cmunaHHa cmpiyku nboHoconomu; 7 — flax band threshing mechanism / npucmpiti dns obmonouysaHHs cmpidKu fibOHy; 8 — separators / KonusHi
pewema; 9 — air-moving device / seHmunsmop; 10 — seed conveyor / wHek HaciHHs; 11 — flax chaff tank / 6yHkep nnsHoi nonosu; 12 — flax heap conveyor / wHek
1r1sIH020 80poxy; 13 — seed elevator / enegsamop HaciHHsi; 14 — seed unloading conveyor / sugaHmaxysarnbHuUll WHeK HaciHHsT; 15 — seed tank / 6yHkep HaciHHsI

The flax band threshing device (Fig. 3) contains the
forwarding and threshing parts. The forwarding part
includes three clamping forwarding units, one of them
being a disk unit. At the points where stem flows pass the
clamping forwarding units, the directing bars are installed.
The threshing part includes infeed shuttle table, with
directing bars, threshing drum with horizontal axis and
shaker above it. The design assures one way rotation of
the disc clamping forwarding unit and the threshing drum.
The threshing drum consists of two vertical discs with
rubber surface rollers between them. The inserts fixed to
the discs are placed between the rollers. The deck with
rubber inner surface is installed above the threshing drum,
with clearance regulation option.

2 6

The device operates in the following manner. Not
threshed flax stem band, clamped at the end of the stem
with the help of clamping forwarding units is moved with
the infeed shuttle table to the threshing drum. The upper
part of the stem is leveled with the help of directing bar
from the infeed shuttle table into the opening between the
deck and threshing drum. The rollers press the upper part
of the stem to the deck and roll over. The seed capsules
are flattered with the rollers. The flax heap from the
flattered seed capsules gets to the inserts and then as
result of rotation of the threshing band, gets to the upper
combine separator. The flax heap remaining on the

MpucTpii Ans 0BMONOYyBaHHA CTPIYKM FbOHY (pUC. 3), LLIO
MPOMOHYETLCS BCTAHOBUTY Y KOMBaiHi, MICTUTb TpaHCTopTyBarisHy
Ta MOMOTUILHY YacvHv. 1o cknaay TpaHCropTyBaribHOI YacTyHN
BKIMHOYEHO TPY 3aTUCKHI TPAHCTIOPTEPW, OAWH 3 SKUX OVUCKOBUI. Y
MiCLISIX Mepexofly CTpiHK/ cTeben MK 3aTUCKHUMM TpaHcropTepamm
BCTAHOBIEHO CrpsIMOBYHOHi MPYTKA. [0 CKiaay MOMOTUNBHO! HYaCTWHM
BKMKOYEHi NiaBiOHUIA CTin, Hag, sikuMm nepenbaveHo NpyTKOBWI
CMpsIMOBYBaY, MOINOTUIbHUIA GapabaH 3 ropM3oHTarbLHOK BICCHO
obepranHs Ta cTpywysad. MonotunsHni GapabaH Ta CTpyLuyBady
BCTaHOBIEHI Haf, BEPXHIM peLueTom kombarHa. KOHCTpYKTUMBHO
3abe3neyeHo 0bepTaHHA OMCKOBOIO 3aTUCKHOrO TpaHcropTepa
Ta MOMoreHOM GapabaHa B oaHy CTopoHy. MornomnbHun GapabaH
CKIagaeTbCs 3 ABOX BEPTUKANbHUX AMCKIB MK AKMMM Ha OCAX
BCTaHOBSEHI BarbLi 3 NPOrymMoBaHO roBepxHeto. Mk BaribLsmm
nepenbtadeHo BCTaBKMA, LLO KDINMSITLCA 40 AuckiB. Ha MonomansHim
©apabaHom BCTaHORMEHA CyLinbHa Aeka 3 1 BHYTPILLHEO0HO
MOBEPXHEIO Ta 3 MOXIMBICTIO PENYIOBaHHSA 3a30pYy MK HAMM.

2 3 4 3 I
Fig. 3 - Flax band threshing device / lpucmpiti 0515 06Mono4y8aHHs CMPIYKU SIbOHY
1, 2 — clamping transporters / 3samuckHi mpaHcriopmepu; 3 — directing bar / cnpsmosyroyuli npymok; 4 — disc / duck; 5 — tightening pulley / HamsixkHuU wikie;
6 — pressure pulley / npumuckHuti wkie; 7 — rubber belt / npoeymosarut nac; 8 — infeed shuttle table / nidgidHuti cmin; 9 — bar forwarding unit / npymkosudi
cripsimosysay; 10 — shaking unit / cmpywysay; 11 — vertical disc / eepmukanbHul duck; 12 — drive shaft / mpueodHuli eas; 13 — bearing unit / nidwurHukosut 8y3or;
14 — axis / sicb o6epmaHHs; 15 — roller with the rubber surface / saneus 3 npoeymosaHoro nosepxHero; 16 — insert / ecmaska; 17 — deck / cyuinbHa Oeka
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MpucTpin Mpauoe HaCTyNMHMM YrHOM. HeobmaorodeHa cTpidika
CTeGern NMbOHy, 3aTVcHyTa 3 CTOPOHM IY3/PIB 3ATUCKH/MA TREHTIOPTEpaMA,
nepemiLLyeTLCS MiABIAHMM CTONOM [0 MOMOTWILHOMO GapabaHa.
Bepxiakoea sacviHa creben CrpsiMOBYETHCS MPYTKOBIM CIpsIMOBYBa4HEM
3 NiABiQHOrO CTorNa Yy 3a30p MK CYLINBEHOK AEKOK Ta MOMOTUBHAM
GapabaHom. Barblj npuTUcKatoTb BEPXIBKOBY YacTuHy creben
00 CYUNbHOI [eKkn Ta MEepeKoYytoTLCA BHACMIAOK KOHTaKTy 3
HUMW. Y pesynbTarti Aii BanbLiB Ha HaCiHHEBI KOpoBoUKK Nnifg, Yac
obepraHHs MoroTrnbHOMO GapabaHa BinbyBaeTbCH iX PyViHYBaHHA
LLMSIXOM MIOWeHHs. JInsHU BOpoX, LLO YTBOPHOETHCS Mig, Yac
PYMHYBaHHS HaCiHHEBMX KOPODOYOK, OMMHSAETLCS Ha BCTaBKax, 3
SKMX 3CUMAaETeCS B pesyrnbrati 0bepTaHHs  MOOTUIBLHOMO
OapabaHa Ha BepxHe pelleTo kombariHa. JInsHMA BOpOX, LUO
3anMLLIMBCS Ha cTebnax, 3a OOMOMOrol yaapHoi Aji nonatok
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stems, with the help of the shaker blades is moved to the
upper combine separator as well.

We consider flax band threshing through its flattering
in the device, and using the algorithm introduced in the
cited literature [3-5]. The flax band flattering process starts
at the point of catching the band with the roller. That is
achieved as the rotating speed of the drum with the rollers
o is higher than the rotating speed of the flax band
clamped in the disc forwarding unit. While flattering the
upper part of the not-threshed flax band, the roller impacts
the material layer through an AC (Fig. 4 a). From all the
points of the material layer contacting the roller, the point
A is in the worst position for clamping. Therefore, we
define the clamping terms for that point. The roller starts
contacting the material layer at its catching (point A). Let
us denote layer thickness (of flax band) before gripping as
AB =H, and layer thickness after gripping as CD =h.

The roller pressure P on the flax band creates friction F

between the roller and material, and friction F, between

the material layer and curvilinear surface of the deck. The
predicate for gripping the upper stem part into the opening
between the curvilinear surfaces of the roller and the deck
takes the following form:

F cos(a— p) + F, = Psin(a - p) ,

where: a — gripping angle of flax band with the roller;
S —the angle included between the radii, pointed down from

the center of rotation O to the center of rotation of the roller
O, and point of contact of the roller and the material A .

The friction F, and F, are calculated as follows:

F=1fP, F,=f,N

where: f,, f, — friction coefficients between the
upper flax band part and curvilinear surfaces of the roller
and the deck accordingly; N — normal back action of the
deck surface.

If we specify that the roughness of the curvilinear
surfaces of the roller and deck is the same, the friction
coefficients are also the same and similar to the friction
angle f, = f, =tg(e) .

Normal back action of the deck surface:

N =Pcos(ax—

Substituting the values F,, F, and N into inequation
(2), in result of obverting we deduce:

2Ptg(¢) cos(ex — B) + Ptg® () sin(a — ) = Psin(a — )

As the result of shortcuts and

obverting, we deduce:

trigonometric

t9(2p) 2tg(ax - p) , 2p>a—p

Provided the predicate (5) is met, the upper part of
the flax band will be gripped into the opening between the
curvilinear surfaces of the roller and the deck.

Let us evaluate initial band thickness H , at which
the roller will not put the stems forward, forming the roll,
but the flattering is ensured. Let us denote the
correspondence for calculation of the deck inner radius
OB =R as follows:

R =H +r, cos(c — B) +rcos(f),

where: r; — outer roller radius; r — distance between

the axes O and O, .
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CTpyLUyBa4a no BEpPXIiBKOBI YaCTUHI CTEOEN TeX NepeMILLyETLCS
Ha BEPXHE peLLeTo kombaiiHa.

PoarmsHeMo npoLiec 0GMOMNoYyBaHHS CTPIMKM JHOHY LLIIAXOM
NMOLLEHHS Y 3anponoHOBaHOMY MPUCTPOI, BUKOPUCTOBYHOUN
anroput™ HaeefeHwn B nitepatypi [3-5]. MNpouec nroLeHHs
CTPIYKM NbOHY PO3NOYMHAETLCA Y MOMEHT, Konu Baneub ii
HasforaHse. Lle pocaraetbcs 3a paxyHOK TOro, L0 KyToBa
LBMAKICTL 0bepTaHHa GapabaHa 3 BanbLsAMM @ € BinbLUoIo 3a
KyTOBY LLBUOKICTL OOEpTaHHs 3aTUCHYTOI Y AVICKOBOMY TpaHCropTepi
CTpiYkM nbOHyY. [lig Yac NMIoLWeHHA BEepXiBKOBOI YacTUHU
HeobMOroYeHoI CTPIYKM NbOHY BaneLpb i€ Ha Lwap martepiany
no aysi AC (puc. 4 a). 3 ycix TOYOK Lapy martepiany, Lo
KOHTaKTY€E 3 BarbLieM, Y HaNMEHLL BUMAHMX YMOBaXx 3axBaTy
3Haxoautbcs Touka A . ToMy BM3HAYMMO YMOBY 3axBaTy
came Uiel TOYKM CTpiYkM nboHy. Baneub nouynHae
KOHTaKTyBaT 3 LLApoOM Matepiany, KOnn NOoro HasaoraHse
(Touka A ). Mo3HaYMMO TOBLUMHY Lapy (CTPIYKM MbOHY) A0
3ataryBaHHs AB=H, a ToBwWHy wapy nicns
npoxomkeHHs Banbua CD =h. Big gii curm P Tucky

Banbua Ha CTpi‘-IKy BUHWKAE cuina TepTAa Fl MiX BanbLeM Ta

marepiariom i cuna F, mix Lwapom maTepiarny Ta KpMBOMIHINHOKO

NOBEPXHEIO CyLINbHOT AeKN. YMOBa 3aTAryBaHHSA BEPXiBKOBOI
YacTuUHU CTpidkM cTeben y npocTip MK KPUBOMIHIMHAMM
NoBEPXHAMM BarnbLs Ta ek Mae BUMMAL;

)

Ae: o — KyT 3axBaTy CTPiYKM MbOHY BanbLeMm; [ —
KyT MiX pagiycamu, Wo onyLeHi 3 ueHTpa obepTaHHs O
A0 ueHTpa obepTaHHa Bambus O, Ta TOYKM KOHTaKTY

BanbLga 3 MaTepianom A .
Curm tepta F, Ta F, BU3HA4aloTbCSt HACTYMHUM YMHOM:

)

pe: f,, f, — koediuieHTn TepTs MixX BepxiBKOBO
YACTMHOIO CTPIYKM NTbOHY Ta KPUBOMIHINHMMUN MOBEPXHAMMN
BiAnoBigHO BanbUA Ta cyuinbHoi aeku; N — HopmanbHa
peakLisi NoBepxHi CyLinbHOT AeKu.

AKWO NPURHATK, WO LWIOPCTKICTb  KPUBOSIHIMHNX
NMOBEPXOHb BarmbLs Ta CYLiNbHOI [EKM OJHaKkoBa, TO
KoedilieHTU TepTsa TeX OAHAaKOBI i PiBHI TaHreHcy KyTta
Tepts f, =1, =tg(¢p) .

HopmManbHa peakuis noBepXxHi CyUinbHOT OeKu:

)+ F sin(a— ) (3)
MipctaBnsitoun 3HaveHHsa F, F, ta N y HepiBHicTb
(1), nicna nepeTBOPEHb OTPUMAEMO:
(4)

MpoBiBWK  CKOPOYEHHS TPUrOHOMETPUYHI

nepeTBOpEeHHA, MaTUMEMO!

Ta

Q)

[Mpu BMKOHaHHI yMOBWM (5) BepXiBKOBa YacTUHA CTPIYKM
NboOHy Byae 3aTaryBaTWUCS Y MPOCTIP MK KPUBOMIHIAHUMN
NOBEPXHSIMY BasbLs Ta CyLiNbHOI AEKN.

BusHauMmo mnoyaTkoBy TOBLUMHY cTpidkm H , 3a skoi
Baneub He Oyge npocoByBaTU CTebna Bnepen, YTBOPHOHYU
nepen cobot Banok, a byne 3abesnevyeHe NMOLWEHHS
CTpiYkM. BanexHiCTb Ans BU3HAYEHHS1 BHYTPILIHLOrO
papiyca aekn OB =R 3anuiiemo HacTynHUM YMHOM:

(6)

Ae: I; — 30BHILLHIN pajiyc BanbuUs; ' — BiACTaHb MK

ocsmu obeptanHa O Ta O,.
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Fig. 4 - Calculation: a — flax band threshing device; b — flax band compaction factor /
PospaxyHkosa cxema: a — rnpucmpoto Oris 06MOosIoqy8aHHs1 CmMPIYKU sIbOHY; b — 0o 8U3HaYeHHs1 KoegbiljeHma yWirbHEeHHSI CMPIYKU JTbOHY

From the triangle AOO,A by low of cosines, we 3 TpukytHuka AOO,A 3a Teopemol KOCWHYCIB
deduce: OTPUMAEMO:
rZ7 =r’ +(R-H)*-2r(R-H)cos(p) )
From formula (7) we calculate cos(/f) : 3 Bupasy (7) BusHauumo cos(f) :
r’+(R-H)*—r?
cos() = L) T ®
By substituting the formula (8) into formula (6) and MigcTaBnstoun Bupas (8) y (6) Ta Bpaxosyouu, WO KyT

considering that the angle value («— /) shall not be (a— ) He mae nepeBuLlyBaTW 3HaYeHHst kyta 2¢ (y
higher that the angle value 2¢ (provided the formula for BUNaAKy BU3HAYEHHS MakcMarbHO JOMYCTUMOI TOBLLUMHU

maximum permissible band thickness to ensure it gripping ~ CTPIMK/ Ans sabesneqenHs ii 3aTArysaHHs MixX Banbuem
between the roller and the deck be (a— /) =2p), after T2 Aekolo Byne (a—/f)=2p), Topi nicns nepeTsopeHs

obverting we deduce: MaTMMemMo:
r’+(R-H)*-rl
R =H +r, cos(2¢) + ( ) =T 9
2(R-H)
After obverting of formula (9), we deduce the square Micns nepetBopeHb Bupasy (9), oTpumMaemo
equation: KBaJpaTHEe PiBHSIHHS
H? +2H (r, cos(2p) — R) + R* —r® +r,(r, —2Rcos(2¢)) =0 (10)
Working at the square equation (10) in respectto H , Po3sB’asytoun kBagpaTtHe piBHsHHS (10) BigHocHo H ,
we deduce: OTPMMAEMO:
H,, = R—r, cos(2¢) J_r\/r2 +12(cos’ (2p) -1) (12)
Among values H,, (radical of square equation (10)) Cepen 3HaueHb H,, (kopeHi keaopatHoro pisHsHHS (10))

we select those which ensures technological capability of BUOMpaemMo Te, WO 3abesnedyye TEXHOMOMYHY MOXIMBICTb
forming the band with the thickness H in real condition in chopMyBaHHsA CTpiukM TOBLWIMHOW H B peanbHux ymoBax Ta
terms of design. From maximum acceptable band BVXOZSHM 3 KOHCTPYKTVBHVX MipKyBaHb. 38 MaKoyMIarnbHO JOMyCTUMVM
thickness value H the outer radius of the threshing drum 3HAYEHHSIM TOBLLUMHM CTpiukM H  BU3HAYaETbLCA 30BHILLIHIN
insert is calculated OA=R—-H . papiyc BcTaBkM MonoTtunbHoro 6apabaHa OA=R—-H .
From formula (9), it is possible to calculate the 3 Bupasy (9) TakoXX MOXHA BWU3HAYUTM HEOOXiOHWIA
required minimum roller radius at given layer thickness MiHIManbHWI pagiyc Banbus NpU 3afaHii TOBLUMHI Wwapy
H , necessary for gripping the band into the opening H , sakuin HeoGXigHWIA ANs 3aTAryBaHHsS CTPIYKM Y MPOCTIp

between the roller and the deck: MiXX BanbLUeM Ta OEKOo:
rZ —2r,(R-H)cos(2p) +(R-H)*-r*=0 (12)
Working with the square equation (12) in respect to Po3B’asyloun kBaapaTHe PiBHAHHA (12) BigHOCHO Iy,
Iy , we deduce: oTpUMaEMO:
o1, = (R—H)cos(2¢) £ /(R — H)?(cos? (2¢) -1) + 2 (13)
Among rg1> values (radical of square equation (12)) Cepen 3HayeHb rgy,2 (KOpeHiB KBaOpaTHOrO PiBHAHHA (12))
we select what can be ensured by design. BYOVIPAEMO Te, Sike MOXIMBO 330e3re- TN 3 KOHCTPYKTVBHVX MIPKYBaHb.
Let us consider the element of flax band, specified PosrmsaHemMo eneMeHT CTpidkM JbOHY, Lo BU3HAYaETbCA

with the angle dy (Fig. 4 b — hatched element). Let us  Kyrom dy (Ha puc. 4 b — enemeHT saLLTprxoBaHIi). MpunycTimo,
assume that while moving the band element from position WO NiA 4aC NEpemilUeHHs enemeHTa CTpiuk1 3 NONOXeHHA |y
| to position /I (in this area the roller contacts the band norioxeHHa /I (Ha Ui AinsHL Banelp KOHTaKTye 3 eremMeHToM
element dy) angle dy = const. Besides, let us consider that ~ CTPM¥ d7) kyT dy = const. Kpim Toro, Bpaxyemo, Lo Lunpika

" BEPXiBKOBOI  4aCTUHU iUk (enemeHTa cTpiukM dy), SKa
the width of the upper part of the band (band element dy), KoﬁTalcrye 3 BanbLem T(e:;E)ni,q qa(c VILinBHeHHS F:'e 3MiH}}(/))€TbCﬂ
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which contacts the roller, does not change while TakuM YMHOM, YLLNBHEHHS CTPIYKU BigOyBaeTbCca nuwe 3a il
compacting. Therefore the band is compacted only in its TOBLUMHO, TOOTO B pagianbHOMY HanpsiMKy. BpaxoByoum
radial direction. Considering the above-mentioned, let us ~ 3a3HauyeHe, BW3HA4YMMO  MakcuMaribHe  YLUiNbHEeHHS
calculate maximum compacting of the flax band after CTPiYKM JbOHY NiCMs NPOXOMAXXEHHS BanbLisi:
passing the roller:
h=R-r-r, (14)

YWiNbHEHHS CTPIYKM NbOHY MOXHa XapaKTepusyBaTu
KoediLieHTOM YLLiNbHEHHSA, KA NOKa3ye B CKifbKM pasiB
YLiNbHEHO Wwap marepiany:

H R-r,cos(2g)+ \/rz +r2(cos’ (2¢) -1)

Compacting the flax band can be characterized by the
degree of compaction:

k=-_— (15)

h R-r-r,
As result of obverting in the formula (15), we get the MpogiBwK BignoBigHI nNepeTBopeHHs y Bupasi (15),
correspondence for defining the deck inner radius R, OTPUMAEMO 3aNEXHICTb ANA 3HAXOAXKEHHS BHYTPILLUHBOMO

which at the given parameters r,, r and @ ensures Padiyca R cyuinbHOi Aeku, WO Npu 3aaaHux napameTpax

. . r i i
necessary flax band compaction (design parameters Iy 3. [ T@ ¢ AO3BOMUTL 3aB63ne MTH HEOOXIAHE VILINBHEHHA

and r are fixed in the suggested model, the clearance  CTPIMK/ TbOHY (KOHCTPYKTUBHI napameTpn Iy Ta I €
between the deck and rollers can be changed by HE3MiHHMMM Y 3anpOoMnOHOBaHI KOHCTPYKLIT, a 3a30p MixX

changing R): [OEKOI0 Ta BanbLsSMU MOXHA 3MiHIOBaTW, 3MiHIO4M R ):
k(r+r,)—r, cos(2¢) £/r* +r>(cos®*(2¢) —1
R Kr+n)—r, (qo)le 2 (cos* (2) -1) 6

Ha puc. 5 npeacraeneHa 3anexHicTb BHYTPILLHBOrO padiyca
Oeku Big koedilieHTa yLWiNbHEHHs, sika nokasye, Wwo Ans
GiNbLIOro yLLINbHEHHA CTPIYKM HeobOXiOHO 3MeHLUyBaTu
BHYTPILLUHIN pagiyc AeKku.

In Fig. 5 the dependence of the deck inner radius
from compaction degree, showing that deck inner radius
shall be reduced to increase compaction.

R.m

i

[
N

Fig. 5 - Schematic dependence of the deck inner radius on compaction degree (¢=35¢ r; = 0,05 m; r = 0,54 m; in formula (16) adopted a mark “-")/
' pachidHa 3anexxHicms 8HympiLHL020 padiyca Oeku 6i0 KoegbivieHma yuwiinbHeHHs1 (pu ¢= 352 s = 0,05 m; r =0,54 m; y aupasi (16) nputivariu 3Hak “-")

CONCLUSIONS BUCHOBKU

Reasoning the new combine method and design O6rpyHTYBaHHS HOBOI KOMOaWHOBOI TexHonorii Ta
parameters of oil flax harvesting machines will allow to KOHCTPYKTMBHUX MapamMeTpiB 3acobiB Ansg 36upaHHs
obtain not only high quality seeds, but also retted flax OfiiHOTO MbOHY [J03BONMWUTL OTPUMATU OKPIM  BYCOKOSIKICHOTO
straw ensuring complete waste free utilization of the HaciHHA We W nboHOTpecTy, wo 3abe3neunTtb
crops. KoMnnekcHe 6e3BiaxoAHe BUKOPUCTaHHS L€l KynbTypu.
REFERENCES BIBNIOrPA®IA
[1]. Dudarev I.M (2010) - Oil Flax Combine Harvester, [1]. Oypapes |.M. (2010) - KombalH Ons 36upaHHs
Patent N293019 Ukraine, IPC A01D45/00, A01D34/00, onitiHo2o nboHYy, MNaTeHT Ha BuHaxig Ne93019 Ykpai,
AO01F11/00; application 08.10.2009; issued: 27.12.2010; MIK A01D45/00, A01D34/00, AO01F11/00; 3asB.
Bulletin Ne24; 08.10.2009; ony6n. 27.12.2010; Bron. Ne24;
[2]. Kheilis G.A., Konovalyuk D.M. (1991) — Valuation of [2]. Xannic I".A., KoHoBantok .M. (1991) — Po3paxyHok
Tools of Harvesting Machines: Study guide. — Kyiv: NMC poboyux opeaHie 36upanbHUX MawuH: HaByanbHUN
VO, 200 p; nocioHuk. — Kuis: HMK BO, — 200 c;
[3]. Sai V.A., Kuzmina T.O., Makaev V.l., Didukh V.F [3]. Can B.A., KysbmiHa T.O., Makaes B.l. (2010) -
(2010) - Flax Pick up Thresher, Useful Model Patent JlboHonidbupay-monomapka, [laTeHT Ha  KOPWUCHY
Ne54714  Ukraine, IPC A01D45/06; application mogenb Ne54714 Ykpaina, MMK A01D45/06. Oigyx B.®.;
16.04.2010; issued 25.11.2010; Bulletin Ne22; 3asB. 16.04.2010; onybn. 25.11.2010; Bron. Ne22;
[4]. Zaika P.M. (2001) — Theory of Agricultural Machines. [4]. Baika MN.M. (2001) — Teopis cinbcbko20cnodapcbKux
V. | (p. 1). Machines and equipment for soil farming — mawuH. T. 1 (4. 1). MawwvHn Ta 3Hapagaa ans obpobiTky
Kharkiv: Oko, 444 p.; rpyHTy. — Xapkis: Oko, — 444 c.;
[5]. Zlochevsky V.L., Chikina E.U. (2009) — Shuttle Type [5]. 3noyesckun B.J1., YnkuHa E.FO. (2009) — Yempoticmeo ons
Seed Flattering Device // Altay State Agricultural MUIFOLWUEHUST 3epHa MasimHUK08020 muria // BeCTHUK ArnTaiickoro
University Reporter, Ne 6 (56), — pg. 57-62. rocyAapCTBEHHOIO arpapHoro yHrsepeuteta, Ne 6 (56), — C. 57-62.

42



Vol. 33, No.1 /2011

INMATEH - ? s 1

THEORETICAL STUDY OF PILE DISPLACEMENT ON THE STRAW WALKER OF

CONVENTIONAL COMBINE HARVESTERS
(Part three)

/

STUDIUL TEORETIC AL DEPLASARII VRAFULUI PE SCUTURATORUL COMBINELOR
CONVENTIONALE DE RECOLTAT CEREALE

(Partea a treia)

Ph.D. Eng. lvan Gh., Ph.D. Eng. Nedelcu M.
INMA Bucharest
Tel:+04 21.269.32.55; Fax: +40 21.269.32.73; E-mail: geoivan2006@yahoo.com

Abstract: This article continues the presentation of the
study of pile displacement on the shaker element in the
interval A:A; (Fig.2) and determination of structural and
functional characteristics of shakers of current combines
in order to increase their working capacity.

Keywords: harvesting combine, pile displacement, straw
walkers.

INTRODUCTION

After the detachment of pile from the separation sieves
and its movement along the cascades, the active side of
the jagged edge and the thresholds of the sieves, in the
interval A,As occurs the pile jump on the shaking element.
During the jump, the aeration degree of the pile increases
and the probability of separating the seeds from straw is
maximum.

MATERIAS AND METHOD

For a block displacement of the pile on the separation
zone of the shaking element, the following conditions
must be met:

Rezumat: Prezentul articol continud prezentarea
studiului deplasarii vrafului pe elementul de scuturare aflat
in intervalul A2Asz (fig.2) si determinarea caracteristicilor
constructive gi functionale ale scuturdtoarelor combinelor
actuale in vederea cregterii capacitétii de lucru a acestora.

Cuvinte cheie: combina de recoltat, deplasarea vrafului,
scuturéator

INTRODUCERE

Dupa desprinderea vrafului de sitele de separare si
deplasarea acestuia de-a lungul cascadelor, a partii active
a marginii zimtate si a pragurilor sitelor, in intervalul AAs
se produce saltul vrafului pe elementul de scuturare. In
timpul saltului, gradul de afanare a vrafului creste iar
probabilitatea de separare a semintelor din paie este
maxima.

MATERIALE SI METODA

Pentru o deplasare in bloc a vrafului pe zona de
separare a elementului de scuturare, trebuie indeplinite
urmatoarele conditii:

Fig. 1 — The speed of pile particle when the jump is happening and constructive caracteristics of the straw walker element /
Viteza particulei de vraf la producerea saltului si caracteristicile constructive ale elementului de scuturare
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- the cascades, the active side of jagged edge and of
separation sieve thresholds of the straw walker element
must have the same tilt angle & against the separation
sieves;

- the active side height of the jagged edge and
thresholds of the separation sieves must be equal to or
greater than the displacement value H of the pile on these
active sides (Fig. 1).

H

active side of jagged edge /

INMATEH - Agticultural Engineeting

- cascadele, partea activa a marginii zimtate si a
pragurilor sitelor de separare a elementului de scuturare
trebuie sa aiba acelasi unghi & de inclinare fata de sitele
de separare;

- inaltimea parti active a marginii zimtate si a
pragurilor sitelor de separare trebuie sa fie egala sau mai
mare cu valoarea deplasarii H a vrafului pe aceste parti
active (fig.1).

> H

partea activa a marginii zimtate

1)

active side of threshold /
partea activa a pragului

where: H is the height of active side

active side of jagged edge
of the jagged edge;

o - the height of the active side
active side of threshold

of the sieves threshold;
H- the pile displacement on cascade, on the active
side of jagged edge and on sieves thresholds;

The height of the first cascade of the straw walker
element must be greater than or equal to the layer
thickness of the pile located on the separating sieve that
follows to the cascade, so that it will be fully driven to
evacuation.

H

>
cascade/ —
cascada

where: H
H pile

sieve which follows to the first cascade.

cascade 1S the height of the first cascade;

- the layer thickness of the pile from the

The pile has different thickness and degrees of aeration
depending on position of the straw walker element. These
decrease in direct proportion to the pile displacement on
walkers, due to strokes received from the walkers.

According to [5], the layer thickness of the pile from
straw walker with two axes is given by:

A
by, v

H =

\

where: Hy is the layer thickness of the pile;

A — straw content coefficient in the total of
harvested mass;

g — combine's feeding flow, in kg/s;

b — thresher width, in m;

yv — volumic mass of pile, in kg/m3;
The volumic mass of the pile depends on pile
composition and humidity. At the current
combines, due to increased fragmentation of
straw, it has higher values. y, = 15...25 kg/m3
[5];

v — the movement speed of pile on walkers, in m/s;

The step of jagged edge (Pjagged edge) @and the step of
sieve thresholds (pinresholds) IS technologically determined,
on condition that their size prevents the pile sliding
backwards to the exhaust after the fall of this one on the
shaking element.

In point A; the pile has the speed R,composed from the speed
of shaking element V and the movement speed of pile on the
cascade vo:

H

44

unde: Hpartea activa a marginii zimtate €ste inéltimea partii
active a marginii zimtate;

Hpartea actva a pragui — Tndltimea partii active a
pragurilor sitelor;
H - deplasarea vrafului pe cascads, pe partea
activa a marginii zimtate si pe pragurile sitelor;
Inaltimea primei cascade a elementului de
scuturare trebuie sa fie mai mare sau egalda cu
grosimea stratului de vraf aflat pe sita de separare care

urmeaza cascadei, astfel incat acesta sa fie antrenat in
totalitate spre evacuare.

pile/ (2

vraf

unde: H
H

urmeaza primei cascadei;

cascads  ©Ste naltimea primei cascadei;

vraf - drosimea stratului de vraf de pe sita care

Vraful are grosimi si grade de afanare diferite in
functie de pozitia elementului de scuturare. Acestea scad
direct proportional cu inaintarea vrafului pe scuturator,
datorita loviturilor primite de la scuturator.

Conform [5], grosimea stratului de vraf de pe
scuturatorul cu cai pe doua axe este data de relatia:

©)

unde: Hy este grosimea stratului de vraf;
A — coeficientul continutului de paie in masa totala
recoltata;
g — debitul de alimentare al combinei, in kg/s;
b — latimea batozei, in m;
yv — masa volumica a vrafului, in kg/m?;

Masa volumica a vrafului depinde de
componenta si umiditatea vrafului. La
combinele actuale, datorita fragmentarii

accentuate a paielor, aceasta are valori mai
mari. v, = 15...25 kg/m° [5];
v — viteza de deplasare a vrafului pe scuturator, in m/s;

Pasul marginii zimtate (Pmargine zmtata) $i pasul
pragurilor sitelor (ppraguri) Se stabilesc tehnologic, cu
conditia cd marimea acestora sa impiedice alunecarea
vrafului Tn sens invers evacuarii dupa caderea acestuia pe
elementul de scuturare.
in punctul A, vraful are viteza R, compusa din viteza
elementului de scuturare V si viteza de deplasare a vrafului pe
cascada vo:
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R=V+v,
V= or

V,= cor; c=cos ot,+6 -cos ot,+d +f [sin ot,+d -sin ot,+d J—

R= cor\/l +c?+2ccos ot,+d

where c is a factor of v,
The speed of pile R decomposes after the Cartesian
axis system xoy :

INMATEH - ? s 1

cos a+d +fsin o+d 4
ot,-ot,
k

unde c este un coeficient al vitezei v
Viteza vrafului R se descompune dupa axele sistemului

cartezian xoy :

R, = Rcosp= (nrcosB\/l+cz+20cos ot,+5

Q)

R,=Rsinp= mrsinB\/l+cz+chos ot,+d

B = 0+90°- wt,+ arcsin

where Rx and Ry are the speed pile projections R on
the Cartesian axis system xoy;
B — angle of the speed vector R in relation to
the horizontal;

The shaking element found in point A, throws pile on a
trajectory determined by the relations:

csin ot,+d

\/1+c2 +2CC0S t,+d

unde Ry si Ry sunt proiectiile vitezei vrafului R pe
axele sistemului cartezian xoy;
B — unghiul vectorului vitezei R in raport cu
orizontala;

Elementul de scuturare aflat Tn punctul A; arunca vraful
pe o traiectorie determinata de relatiile:

X,= R,

_ gt’ 6)
yi=R,4G-=-
t=0,04i; ieN

where X,y are the coordinates of the pile trajectory;

In Figure 2 is shown the displacement of a pile particle
on the shaking element at a complete rotation of its for an
angle 90°+5 of the cascade and the active side of the
jagged edges and thresholds with the corresponding
separation sieve.

Eliminating the time in the relation 5 and introducing the
projections of pile velocity values, Ry and Ry, is obtained:

\ R
\ cascade \ |
\, cascada 3\

unde x,y sunt coordonatele traiectoriei vrafului;

In figura 2 este prezentata deplasarea unei particule de
vraf pe elementul de scuturare la o rotatie completa a
acestuia pentru un unghi 90°+5 al cascadei si partii active
a marginii zimtate si pragurilor cu sita de separare
corespunzatoare.

Elimindnd timpul din relatia 5 si introducand valorile
proiectiilor vitezei vrafului, Ry si Ry, se obtine:

g

.". active side of the jagged edge
\ Y\ partea activa @ marginil zimtaze

As
Fig.2 - Displacement of a pile particle on the shaking element at a complete rotation of it for an angle 90°+5 of the cascade and the
active side of the jagged edge and thresholds with the corresponding separation sieve /
Deplasarea unei particule de vraf pe elementul de scuturare la o rotatie completa a acestuia pentru un unghi 90°+5 al cascadei si partii
active a marginii zimtate si pragurilor cu sita de separare corespunzatoare.
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2

= X 7
y = xtgp - ’
2kr[1+¢* +2ccos wt,+5 |cos’
RESULTS REZULTATE
The pile particle falls upon the shaking element in Particula de vraf cade pe elementul de scuturare Tn
point Az. The coordinates of this point are determined by punctul A;. Coordonatele acestui punct sunt determinate
the shaking element angle wts: de unghiul elementului de scuturare wts:

ot,(k,0,£,8) = ot, TA+/A*+B
®

sin p-a
cosa

A=k \/1+cz+20005 ot,+3

ckcosd 2k . .
= ot,-ot, -—— sinot,-sinet,
cosa. cosa.

B

where wt; is the crankshaft angle to which starts the jump unde wt; este unghiul arborelui cotit la care incepe saltul

of pile; vrafului;
wtz — angle at which occurs the drop of pile upon wtz - unghiul la care se produce caderea vrafului pe
the shaking element after the jump. elementul de scuturare dupa salt.

The function wts is a transcendent function of four Functia wt; este o functie transcedentd cu patru
variables. Its study will be done in several stages: study of variabile. Studiul acesteia se va face in etape: studiul
function wts (k, a) for a friction coefficient f = 0.4, 6 = functiei wts(k,a), pentru un coeficient de frecare f=0,4,
0°and & = 10° and study of function wts (k, f), for an angle 5=0° si 5=10° si studiul functiei wts(k,f), pentru un unghi
a=20° 6=0%and & = 10°. a=20°, 5=0° si 5=10°.

Considering that the efficient blows for the shaking Considerand ca loviturile eficiente pentru procesul de

process are those which occur when the pile falling is hit scuturare sunt acelea care se produc atunci cand vraful
by the shaking element found in rising (wt; = 3m/2 ...2m) aflat in cadere este lovit de elementul de scuturare aflat in
[4]. The function diagram wts(k,a) for f=0.4 and 5=0° is urcare (wtz = 3m/2 ...2m) [4]. Diagrama functiei wts(k,a)
shown in Figure 3. pentru f=0,4 si 5=0° este prezentata in figura 3.

[wts]
80
58
L]
54
i ‘l
e il
20 22 z4 8 28 30 3z J4 368 38 40
3
Fig.3 — Diagram of function wts(k,a) for f=0.4 and 6=0° /
Diagrama functiei wts(k,a) pentru f=0.4 si 5=0°
By analyzing the function diagram wts(k,a) for f=0.4 Din analiza diagramei functiei wts(k,a) pentru f=0.4 si
and 6=07it results that the function is: 6=0 °rezulta ca functia este:
- monotonous and continuous on definition - monotona si continud pe domeniile de definitie
domains of variables; ale variabilelor;
- increasing in relation to the kinematic regime k; - crescatoare in raport cu regimul cinematic k;
- increasing in relation to the angle a, for a>70° - crescatoare n raport cu unghiul a, pentru a>10°
and decreasing for a<10%; si descrescéatoare pentru a<10’;
- the kinematic regime is in the range - regimul cinematic este cuprins in intervalul
k=2.45-3.85, for a=0-40°. . k=2,45:3,85, pentru a = 0:40°
The function diagram wts(k,a) for f=0.4 and 6=0" is Diagrama functiei wts(k,a) pentru f=0,4 si 5=10° este
shown in Figure 4. prezentata in figura 4.
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Fig.4 — Diagram of function wts(k,a) for f=0,4 and 6=10° /
Diagrama functiei wts(k,a) pentru f=0.4 si 5=10°
By analyzing the function diagram wts(k,a) for =0.4 Din analiza diagramei functiei wts(k,a) pentru f=0,4 si
and 6=0" it results that the function is: 5=0° rezulta ca functia este:
- monotonous and continuous on definition - monotona si continua pe domeniile de definitie
domains of variables; ale variabilelor;
- increasing in relation to the kinematic regime k - crescatoare in raport cu regimul cinematic k si
and angle a; unghiul a;
- the kinematic regime is in the range k=2,05-3,3, - regimul cinematic este cuprins in intervalul
for a=0-40°. k=2,05-3,3, pentru a=0-40°.
The function diagram wis(k,a) for a=20° and 5=0° is Diagrama functiei wts(k,f) pentru a=20° si 5=0° este
shown in Figure 5. prezentata in figura 5.
zmw
62
[wta]
80
58
55
54
52
50
4%
Imi2 v
20 22 24 28 2B 30 32 m 34 35 as 40
Fig.5 - Diagram of function wt;(k,a) for a=20 and 6=0° /
Diagrama functiei wts(k,f) pentru a=20° si 5=0°
By analyzing the function diagram wts(k,a) for a=20° Din analiza diagramei functiei wts(k,f) pentru a=20° si
and 6=0° it results that the function is: 6=0° rezulta ca functia este:
- monotonous and continuous on definition - monotona si continud pe domeniile de definitie
domains of variables; ale variabilelor;
- increasing in relation to the kinematic regime k; - crescatoare in raport cu regimul cinematic k;
- decreasing in relation to friction coefficient f; - descrescatoare in raport cu coeficientul de frecare f;
- the kinematic regime is in the range k=2,7-3,95, - regimul cinematic este cuprins in intervalul
for a=0-40°. k=2,7+3,95, pentru a = 0-40°.
The function diagram wts(k,a) for a=20° and 6=10° is Diagrama functiei wts(k,f) pentru a=20° gi 6=10° este
shown in Figure 6. prezentata in figura 6.
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Fig.6 - Diagram of function wts(k,a) for a=20° and 6=10° /
Diagrama functiei wts(k,f) pentru a=20" si 5=10°

By analyzing the function diagram wts(k,a) for a=20°
and 6=10° it results that the function is:

- monotonous and continuous on definition
domains of variables;

- increasing in relation to the kinematic regime k;

- decreasing in relation to friction coefficient f;

- the kinematic regime is in the range
k=2.3...3.35, for a=0"...40°.

CONCLUSIONS

According to observations on values interval of the
kinematic regime k, depending on the angle a and the
coefficient of friction f, it results that the shakers with
independent walkers on two axes with shaking elements
with cascades and the active side of jagged edge and
thresholds perpendicular to the separation sieves must
have values of the kinematic regime included in the
interval k=2.45...3.85, and the walkers on which the
configuration of the shaking elements is determined by the
angle 5=10°, require a kinematic regime of at least 15%
lower.
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Din analiza diagramei functiei wts(k,f) pentru a=20° si
5=10° rezulta ca functia este:
- monotona si continua pe domeniile de definitie
ale variabilelor;
- crescatoare in raport cu regimul cinematic k;
- descrescatoare in raport cu coeficientul de frecare f;

- regimul cinematic este cuprins in intervalul
k=2,3...3,35, pentru a = 0°...40°.
CONCLUZII
Conform observatiilor privind intervalul valorilor

regimului cinematic k, Tn functie de unghiul a si
coeficientul de frecare f, rezultd ca scuturatoarele cu cai
independenti pe doua axe cu elementele de scuturare
avand cascade si partea activa a marginii zimtate si
pragurilor perpendiculare pe sitele de separare trebuie sa
aiba valori ale regimului cinematic cuprinse n intervalul
k=2,45...3,85, iar scuturatoarele la care configuratia
elementelor de scuturare este determinata de unghiul
5=10°, necesita un regim cinematic mai redus cu minim
15%.
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Abstract: The main purpose of this work was the
expression of some of the qualitative parameters for the
working process of indented cylinder separators, in terms
of a mathematical model so that they can be expressed as
functions of process parameters of these machines.

Starting from this objective and using Tit’s model for the
working process of an indented cylinder separator, were
obtained formulae and algorithms for two of its important
qualitative parameters: the technological effect and the
content of impurities at the machine exit.

The formulae obtained, as entire mathematical model
were verified experimentally on a indented cylinder
separator using as raw material a batch of wheat with
known qualitative indices. The accuracy of the formulae is
good, so that the entire mathematical model can be used
now in the design of indented cylinder separators.

The results obtained have opened major development directions:
extending the mathematical model to another qualitative parameter
of the working process of indented cylinder separator, namely the
percentage of good grain lost in impurities; the optimization of the
working process of indented cylinder separator using the
qualitative parameters as objective functions.

The main original result consists in the formulae for
calculating the qualitative parameters of the working
process of indented cylinder separator, depending on
geometrical and physical parameters of the process.

Keywords: mathematical model, qualitative parameters,
indented cylinder separator

INTRODUCTION
Until now, the main qualitative parameters of indented
cylinder separators were estimated experimentally for each
machine. There were no formulas used in the design of a
indented cylinder separator for expressing the quality
parameters of the process, such as the technological effect
and the content of impurities at the exit of the machine,
depending on other process parameters (rotational speed,
machine geometry, physical constants of the system:
sorting machine - raw material subjected to processing).
This material is based on the mathematical model and solution
offered by Tit in [1]. This model is generally approached in
[1], but also in other sources, such as [2]. It is given the
solution which is obtained by simple integration, resulting
in a function representing the coordinate along the cylinder
axis and has as an argument, the sorted flow of impurities.
Tit's mathematical model is one of the mathematical
models used in the calculation of design and working
process control for indented cylinder separators. Other
mathematical models deduce minimum and maximum
detachment angles for the fraction that will be eliminated,
allowing a proper adjustment of the gutter orientation or
handle the axial speed of the material subjected to
separation. This model appears in [3] or [4], for example.
The model proposed by Tit does what model of [3], [4]
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Rezumat: Scopul principal al acestei lucrari a fost
exprimarea unora dintre parametrii calitativi ai procesului
de lucru al trioarelor, in termenii unui model matematic,
astfel incat acestia sa poata fi exprimati ca functii de
parametrii de proces ai acestor utilaje.

Pornind de la acest obiectiv si folosind modelul lui Tit
pentru procesul de lucru al unui trior, s-au obtinut formule
si algoritmi de calcul pentru doi parametri calitativi
importanti ai acestuia: efectul tehnologic si continutul de
impuritati la iesirea din utilaj.

Formulele obtinute, ca si modelul matematic in
intregime, au fost verificate experimental pe un trior
cilindric cu alveole folosind ca materie prima un lot de
grau cu indici calitativi cunoscuti. Precizia formulelor este
buna, astfel incat intregul model matematic se poate folosi
acum in procesul de proiectare al trioarelor cilindrice.

Rezultatele obtinute au deschis directii de dezvoltare
importante: extinderea modelului matematic la un alt
parametru calitativ al procesului de lucru al triorului, si
anume procentul de boabe bune pierdute in impuritati;
optimizarea procesului de lucru al triorului folosind
parametrii calitativi ca functii obiectiv.

Principalul rezultat original consta in formulele de calcul
pentru parametrii calitativi ai procesului de lucru ai
triorului, functie de parametrii geometrici si fizici ali
procesului.

Cuvinte cheie: model matematic, parametrii calitativi,
trior

INTRODUCERE

Pana in prezent, principalii parametrii calitativi ai
trioarelor se estimau experimental pentru fiecare utilaj. Nu
existau formule de calcul utilizabile in procesul de
proiectare a unui trior, pentru exprimarea parametrilor de
caliatate ai procesului, cum este efectul tehnologic sau
continutul de impuritati la iesirea din utilaj, functie de
ceilalti parametrii de proces (turatia, geometria triorului,
constantele fizice ale sistemului trior — material supus
procesarii).

Acest material se bazeaza pe modelul matematic si
solutia oferita de Tit in [1]. Acest model este tratat in
general in [1], dar si in alte surse, cum este [2]. Se da
solutia ce se obtine printr-o integrare simpla, rezultand o
functie reprezentand coordonata in lungul axei cilindrului
triorului si are ca argument debitul de impuritati separat.

Modelul matematic al lui Tit este unul dintre modele
matematice folosite in calculul de proiectare si reglare a
proceselor de lucru ale trioarelor. Alte modele matematice
deduc unghiurile minime si maxime de desprindere pentru
fractiunea care urmeaza a fi eliminata, permitand o
reglare corecta a orientarii jghiabului sau se ocupa de
viteza de deplasare axiala a materialului supus separarii.
Acest model apare in [3] sau [4], de exemplu.

Modelul propus de Tit face ceea ce modelul din [3], [4]
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or [5] cannot do, namely to express the quality of
separation achieved by indented cylinder separator,
depending on its geometric and operating characteristics.

The theoretical results presented have the
significance of average results, because the process
has a pronounced random character, given by various
factors, such as friction coefficients of beans - steel,
poor definition of impurities and grain sizes, random
motion of the material subjected to cleaning on the load
area of alveoli.

MATERIALS AND METHODS
The scheme of the separation process performed by
indented cylinder separators is shown in Fig. 1, after [1].

B

into

Ju

Qu (x)

INMATEH - ? s 1

sau [5] nu poate face, anume sa exprime -calitatea
separarii realizate de trior, functie de -caracteristicile
geometrice si de functionare ale acestuia.

Rezultatele teoretice prezentate au semnificatiile unor
rezultate medii, deoarece procesul are un caracter
pronuntat aleator, dat de diversi factori, cum sunt:
coeficientii de frecare boabe — otel, definirea deficitara a
dimensiunilor impuritatilor si boabelor, miscarea aleatoare
a masei de material supus curatarii in zona de incarcare a
alveolelor.

MATERIALE $I METODE
Schita procesului de separare realizat de trioarele
cilindrice cu alveole apare in fig. 1, dupa [1].

cylinder / in cilindru

into gutter / in jgheab

o X dx
- ..

L

1
Fig. 1 — The diagram for understanding the mathematical model of [1] /

Schita pentru intelegerea

If Q denotes the flow of input material, considered to be
constant, Quq - the useful fraction and Qi, - the fraction to
be removed by separation, we have the relation:

Q=

Let it be Qu(x) and Qi(x) the flow values of useful fraction,
respectively of fraction that has to be eliminated, at a distance
x from the input limit of raw material in the indented cylinder
separator. Therefore, is true the relation:

Q=Qu x +Qi x

Differential equation that characterizes the separation
process, after [1] is:

-

modelului matematic din [1].

Daca se noteaza cu Q debitul de material la intrare,
considerat constant, cu Qu, fractia utila si cu Qi fractia
care trebuie eliminata prin separare, avem relatia:

Qu, + Qi )
Fie Qu(x) si Qi(x) valorile debitelor de fractie utila,
respectiv care trebuie eliminata, la distanta x de limita

de intrare a materialului in trior. Atunci este adevarata
relatia:

&)
Ecuatia diferentiala care caracterizeaza procesul de
separare, dupa [1], este:

Q=Q 655 = ad, 3
Q'o _QI
where: in care:
RN
A= 7, —, (4)
EY 520 30

variables in (4) having the following meanings and units of
measurement:

variabilele din (4) avand urmatoarele semnificatii si unitati
de masura:

Variable / Meaning / Semnificatie Unit of measurement
Variabila 9 / Unitatea de masura

Hy The volume of an alveolus / Volumul unei alveole m®

Vs Density of seeds / Masa volumica a semintelor kg/m3

Zp Number of alveoli per unit of area / Numarul de alveole pe unitatea de suprafata m”

R Cylinder radius / Raza cilindrului m

n Cylinder rotational speed / Turatia cilindrului rpm / rot/min

R The probability that the impurities enter the alveoli / Probabilitatea de patrundere i

i a impuritatilor in alveole

50
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Equation (3) integrates with the boundary condition
x=0, Qi(0)=0. It is obtained the solution:

Ax = Qi+Qu,

which gives the length measured on cylinder axis as a
function of amount of impurities at distance x from origin
and not inversely, so a default function, whose explanation
is possible only by numerical methods. Since the function
is strictly monotonous, it is invertible. Solution (5) can be
put in the form:

Qi+Qu, In

x Qi =

INMATEH - ? s 1

Ecuatia (3) se integreaza cu conditia la limita x=0,
Qi(0)=0. Se obtine solutia:

_ Q.
Qlo - Ql
care da lungimea masurata pe axa cilindrului ca functie de
cantitatea de impuritati la distanta x de origine si nu invers,
deci o functie implicita, a carei explicitare este posibila
numai prin metode numerice. Deoarece functia este strict
monotona, ea este inversabila. Solutia (5) se poate pune
sub forma:

Qi,

Qio *Qi .

In )

(6)

RN

EMY Ly —( —

Relation (6) gives the distance from the place of raw
material entrance which has to be sorted depending on the
eliminated flow fraction at the same distance.

The content of impurities in the raw material processed,
when entering, is a parameter included in the model:

C

smi

The content of impurities in the useful material, at
output, is:

C

sme

where L is the useful length of the cylinder. Obviously, the
technological effect will be:
E Qio B Qio _Qi

Qi, -100

30
Relatia (6) da distanta de la locul de introducere a
materialului care trebuie separat functie de debitul fractiei
eliminate la aceeasi distanta.
Continutul de impuritati in materialul prelucrat, la intrare,
este o marime inclusa in model:

(@)
Q

Continutul de impuritati la iesire in materialul util
este:

Qioni L .
Q

unde L este lungimea utila a cilindrului. Evident, efectul
tehnologic va fi:

L Qi

100 (8)

-100

csm
Qi

The only one quality estimator that can not be
expressed in terms of this model is the content of good
grain in the fraction eliminated, C,. In addition, the impurity
content at output and the technological effect can be
defined as functions of distance, as follows:

L
100 = — ©)
Qi
Singurul estimator de calitate care nu poate fi exprimat
in termenii acestui model este continutul de boabe bune in
fractia eliminata, C,. In plus, continutul de impuritati la
iesire si efectul tehnologic pot fi definite ca functii de
distanta, dupa cum urmeaza:

Csme X :M.loo (10)
Q
and si
E.x =2 % 0o (11)
Qly

The connection between this mathematical model and the
one from [3] or [4], can be done by taking into account (4), in
where appears the rotational speed and cylinder radius.

As is known, the index of kinematic regime for the
indented cylinder separator is given by:

A form of (4) that contains the index of kinematic
regime is (13):

A=su,y,2,4/kRg

Legatura intre acest model matematic si cel din [3]
sau [4], se face tinand seama de (4), unde apare turatia si
raza cilindrului.

Dupa cum se stie, indicele regimului cinematic este dat
pentru trioare de formula:

(12)

O forma a lui (4) care sa contina indicele regimului
cinematic este (13):

(13)

Now, the form (6), which represents the length Acum forma (6) a dependentei lungimii de debitul de
dependence on flow of removed impurities may pass in: impuritati eliminate poate trece in :
. i
Qi+Qu, Ini_QO -
. 1, — QI
X Ql Q 0 Q (14)
8/“07/3 Z0 \/kRg

Form (14) shows the connection that can be done
between the two mathematical models.
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Forma (14) arata legatura ce se poate face intre cele
doua modele matematice.
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Experimental tests and numerical studies

This chapter is designed to checking the solution using
concrete cases, by comparing the results predicted by the
theoretical model (obtained by numerical calculation) with
experimental data.

The experiments for separating the impurities from a
batch of wheat were performed on a stand for investigation
of the working process of the indented cylinder separators
from INMA Bucharest.

INMATEH - ? s 1

Verificari experimentale si studii numerice

Acest capitol este dedicat verificarii solutiei pe cazuri
concrete, prin compararea rezultatelor prognozate de
modelul teoretic (obtinute prin calcul numeric) cu datele
experimentale.

Experimentele de separare a impuritatilor scurte din
masa unui lot de grau s-au desfasurat pe un stand pentru
investigarea procesului de lucru al Trioarelor cilindrice din
cadrul INMA Bucuresti.

Fig. 2 — Stand for investigation of the working process of the indented cylinder separators /
Stand pentru investigarea procesului de lucru al Trioarelor cilindrice

The stand has the following composition: indented

cylindrical separator, electric control panel, analytical
balance, mechanical timer, notebook.

Indented cylindrical separator has the following
components: frame, cylinder with alveoli, gutter for

impurities collection, electrical engine (0.5 kW), V belt
transmission, feeding funnel with raw material, evacuation
drawer of fraction of cleaned grain.

The researches were conducted starting from the main
parameters of the kinematic regime for the analyzed
indented cylindrical separator, namely: rotational speed of
the indented cylinder was n= 45 rpm (but checkings were
made for a greater number of possible rotational speeds).

The angle of inclination of the gutter for impurities
collection was a= 31°. The working regime is characterized
by the index of kinematic regime, (12): k = 0.28 - indented
cylindrical separator falls into the slow indented cylindrical
separators category situated toward the upper limit of the
range, respectively [0.15+0.30]. Basic data of the
experiments are:

Standul are urmatoarea componenta: trior cilindric,
tablou electric de comanda, balanta analitica, cronometru
mecanic, notebook.

Triorul cilindric are urmatoarele componente: cadru,
cilindru cu alveole, jgheab de colectare impuritati, motor
electric de actionare (0,5 kW), transmisie cu curea
trapezoidala, palnie de alimentare, sertar evacuare
fractiunea de boabe curatate.

Cercetarile s-au efectuat pornind de la principalii
parametrii ai regimului cinematic al triorului analizat, si
anume: turatia cilindrului trior a fost n= 45 rot/min (dar
verificari s-au facut pentru un numar mai mare de turatii
posibile).

Unghiul de inclinare al jgheabului de colectare a
impuritatilor a fost a= 31°. Regimul de lucru este
caracterizat de indicele regimului cinematic, (12): k= 0,28 -
triorul se incadreaza in categoria trioarelor lente situandu-
se catre limita superioara a intervalului, respectiv
[0,15+0,30]. Datele de baza ale experimentelor sunt:

The volume of an alveolus / Volumul unei alveole

37.88 mm° /37,88 mm°

Density of seeds / Masa volumica a semintelor

736.6 kg/m® / 736,6 kg/m®

Number of alveoli per unit of area / Numarul de alveole pe unitatea de suprafata

17600 alveoli per square meter /
17600 alveole pe m

Cylinder rotational speed / Turatia cilindrului

20 - 47 rpm / rotatii pe minut

Cylinder radius / Raza cilindrului trior

0.125m /0,125 m

Cylinder length / Lungimea cilindrului trior

0.5m/05m

Initial content of impurities / Continutul initial de impuritati

14%/14%

Weight of a sample (flow) / Masa unei probe (Debit)

0.1 kg (0.6993 g/s or 2.517 kg/h) /
0,1 kg (0,6993 g/s sau 2,517 kg/ora)

We showed that the process has a random character
and this statement is maintained in this mathematical
model through the presence of probability factor, ¢. This
factor, difficult to determine experimentally, is for us, a
calibration factor of the solution, so we will choose the
probabilistic factor with a value between 0 and 1 so that
the theoretical result be as close as possible to the
reference experimental result, then the other experimental

52

Am aratat ca procesul are un caracter aleator si
aceasta afirmatie este mentinuta de acest model
matematic prin prezenta factorului probabilist, ¢. Acest
factor, dificil de stabilit experimental, este pentru noi, un
factor de calibrare a solutiei, adica vom alege factorul
probabilist cu o valoare intre 0 si 1 astfel incat rezultatul
teoretic sa fie cat mai apropiat de rezultatul experimental
de referinta, apoi celelalte cazuri experimentale vor fi



Vol. 33, No.1 /2011

cases will be used to validate the solution.

For the rotational speed of 45 rpm, using the above
data and the fact that experimentally, the average of
technological effect for optimum adjustment of the gutter
was 83.33%, at a cylinder length of 0.5 m, with the above
mathematical model has been obtained, for the length of
0.5 m, the technological effect of 83.66%, calibrating &
probability to the value of 0.3053. This means that an
impurity=short seed out of four enters the alveolus in the
first attempt.

RESULTS

The theoretical results presented have the significance
of average results, because the process has a pronounced
random character, given by various factors, such as friction
coefficients of beans - steel, poor definition of impurities
and grain sizes, random motion of the material subjected
to cleaning on the load area of alveoli.

Solving equation (6) in relation to the flow of removed
impurities for different values of cylinder length, it is
obtained the curve in Fig. 3. Figure 4 presents the variation
of the technological effect and the content of impurities,
depending on the distance from the feeding point.

0.00150
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folosite pentru validarea solutiei.

Pentru turatia de 45 rotatii pe minut, folosind datele de
mai sus si faptul ca experimental, media efectului
tehnologic pentru reglajul optimal al jghiabului a fost de
83,33 %, la o lungime a cilindrului de 0,5 m, s-a obtinut cu
modelul matematic de mai sus, pentru lungimea de 0,5 m,
efectul tehnologic cu valoarea 83,66 %, calibrand probabilitatea
¢ la valoarea 0,3053. Aceasta inseamna ca o impuritate =
samanta scurta din aproape patru intra in alveola la prima
tentativa.

REZULTATE

Rezultatele teoretice prezentate au semnificatile unor
rezultate medii, deoarece procesul are un caracter pronuntat
aleator, dat de diversi factori, cum sunt: coeficientii de
frecare boabe — otel, definirea deficitara a dimensiunilor
impuritatilor si boabelor, miscarea aleatoare a masei de
material supus curatarii in zona de incarcare a alveolelor.

Rezolvand ecuatia (6) in raport cu debitul de impuritati
eliminate pentru diferite valori ale lungimii cilindrului, se
obtine curba din figura 3. Tn figura 4 se prezintd variatia
efectului tehnologic i continutului de impuritati, in functie
de distanta de la punctul de alimentare.
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0.00075

0.00050

the content of impurities. kg /
cantitate de impuritati, kg

0.00025

0
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e the content of removed iImpurities, kg / cantitatea de Impuritat! eliminata, kg

e The initial content of impurities in sample, kg | continutul Initlal de impuritat! In proba, kg

Fig. 3 — Variation of content of impurities in sample related to the distance from the point of entry /
Variatia continutului de impuritati in proba cu distanta de la punctul de introducere

The technological effect, %/
Efectul tehnologic, %
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Fig. 4 — Variation of quality parameters related to the distance from the point of entry /
Variatia parametrilor de calitate cu distanta de la punctul de alimentare
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Because, of technological reasons, the cylinders with
large lengths are disadvantageous from several points of
view, can be used cylinders with reasonable lengths and
the material can be passed several times through the
same indented cylinder separator, or through a battery of
indented cylinders, improving the technological effect. It
can thus attaining high quality of separations.

Using the numerical cases we concluded that, for
example, one materal passing through an indented
cylinder separator whose length is 1.5 m, has virtually
identical results with the passing of the same material
three times through an indented cylinder separator with a
length of 0.5 m.

The results obtained before and after the stages of
passing the material through indented cylinder separator,
appear in the table 1.

INMATEH - Ageicubtutal Engineering

Pentru ca, din motive tehnologice, cilindri de mari
lungimi sunt din mai multe puncte de vedere dezavatajosi,
se pot folosi cilindri de lungimi rezonabile si se trece
materialul de mai multe ori prin acelasi trior, sau printr-o
baterie de trioare, efectul tehnologic imbunatatindu-se. Se
poate ajunge astfel la separari de foarte buna calitate.

Pe cazuri numerice am dedus ca, de exemplu, trecerea
0 data printr-un trior a carui cilindru are lungimea 1,5 m,
are rezultate practic identice cu trecerea de trei ori a
aceluiasi material printr-un trior cu lungimea de 0,5 m.

Rezultatele obtinute inainte si dupa etapele de trecere
prin trior a materialului, apar in tabelul 1.

Table 1/ Tabel 1

The results obtained before and after passing the material to be purified three times through the same indented cylinder
separator. The result from 2 is final for the first passing and initial for the second passing /
Rezultate obtinute inainte si dupa trecerea materialului de purificat prin acelasi trior de trei ori. Rezultatul de la 2 este final
pentru prima trecere si initial pentru a doua

The number of passings The initial tity of material / A -
through the cylinder with 0.5 m € 'f" 1ai q.Uf.ifT Ity of mai e”é _ Th_e_ initial content (_)f_ _ _ Th_e_ initial content (_)f_ _
g Cantitatea initiala de material impurities / Continutul initial impurities / Continutul initial
length /Numarul de treceri prin k procentual de impuritati [%)] de impuritati, [kg]
cilindrul de lungime 0.5 m (kg '
1 initial 0.50000000 / 0,50000000 1.40000000 / 1,40000000 0.00700000 / 0,00700000
final 0.49590175 / 0,49590175 0.58514615 / 0,58514615 0.00290170 / 0,00290170
) initial 0.49590175 / 0,49590175 0.58514615 / 0,58514615 0.00290170 / 0,00290170
final 0.49419705 / 0,49419705 0.24222190/ 0,24222190 0.00119705 / 0,00119705
3 initial 0.49419705 / 0,49419705 0.24222190/ 0,24222190 0.00119705 / 0,00119705
final 0.49349281 / 0,49349281 0.09986234 / 0,09986234 0.00049281 / 0,00049281

It results a global technological effect (on all three
passings) with a value of 92.867 % (experimentally, exactly
for this case, it is found the value 96.28 % and accuracy of
experimental data is not very high). For a single pass through
a indented cylinder separator with the length of 1.5 m, final
values are: the amount of cleaned material, 0.49349281
kg, the percentage content of impurities of processed
material, 0.0998 % and the content of impurities,
0.00049282 kg, the technological effect being 92.867 %.

As a first conclusion, the quality of separation depends not
only on the initial content of impurities, but also the quantity of
material introduced, the working flow. For example, if instead of
a sample of 0.1 kg, in the indented cylinder separator with the
length of 0.5 m, it introduces a sample of 1 kg, finally it obtains
a quantity of 0.99769396 kg with impurities 1.169396 %.

To test the capability of simulating the theoretical
model, its results will be compared with the results of a
real experimental test. Real experimental test requires that
after each passing to take a test sample from the useful
product to calculate the percentage of impurities
remaining in the useful product. This sample is no longer
introduced in the useful product at next pass. This
experimental procedure, imposes for the theoretical
simulation, the mass discontinuity of useful material due to
the repeated passings through the indented cylinder
separator. This involves (what is happening to the
simulation before, but without highlighted discontinuities)
the changing of the probability considered as the
calibration parameter, ¢. This gives the results in Table 2.
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Rezulta un efect tehnologic global (pe toate cele trei
treceri) cu valoarea 92,867 % (experimental, exact pentru
acest caz, se gaseste valoarea 96,28 %, dar acuratetea
datelor experimentale nu este foarte inalta). Pentru o
singura trecere printr-un trior cu lungimea cilindrului 1,5 m,
valorile finale sunt: cantitatea de material curatat,
0,49349281 kg, continutul procentual de impuritati al
materialului prelucrat, 0,0998 % si continutul in impuritati,
0,00049281 kg, efectul tehnologic fiind 92,867 %.

Ca o prima concluzie, calitatea separarii depinde nu
numai de continutul initial de impuritati, ci si de cantitatea
de material introdusa, de debitul de lucru. De exemplu,
daca in loc de o sarja de 0,1 kg, in triorul cu lungimea de
0.5 m se introduce o sarja de 1 kg, in final se obtine o
cantitate de 0,99769396 kg cu impuritati 1,169396 %.

Pentru a testa capacitatea de simulare a modelului
teoretic, se vor compara rezultatele acestuia cu rezultatele
unui test experimental real. Testul experimental real
presupune ca dupa fiecare trecere sa se ia din produsul
util rezultat o proba pe care se calculeaza procentul de
impuritati ramase in produsul util. Aceasta proba nu se
mai introduce in produsul util la urmatoarea trecere. Acest
mod de experimentare impune si simularii teoretice
discontinuitatea de masa de material util de la o trecere
prin trior la alta. Aceasta implica (ceea ce se petrece si la
simularea de mai inainte, dar fara discontinuitatile
subliniate) schimbarea probabilitatii considerata fiind a fi
parametrul de calibrare, ¢. Se obtin astfel rezultatele din
tabelul 2.
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Table 2/ Tabel 2
The stages of simulation and testing in three passings through an indented cylinder separator with the length of 0.5 m. The
global technological effect obtained on the mathematical model (simulation) is 99.03 %. The global technological effect
obtained experimentally is 98.57 / Etapele de simulare si experimentale in trei treceri prin triorul cu lungimea de 0,5 m. Efectul
tehnologic global obtinut pe modelul matematic (simulare) este 99,03 %. Efectul tehnologic global obtinut experimental este 98,57

The number of passings Tﬁ:nit?gtiglf T?ﬁq Camieenst IOf The content of
through the cylinder with 0.5 q ty pur impurities /
f material / Continutul h Ecsm, % &
m length / Numarul de treceri h P Continutul de
R h Cantitatea initiala procentual de : e
prin cilindrul de lungime 0,5m de material [kg] impuritati [%] impuritati [kg]
initial 0.50000000 / 1.40000000 / 0.00700000 /
1 0,50000000 1,40000000 0,00700000
. 0.49427278 | 0.21869357 / 0.00108090 /
final 0,49427278 0,21869357 0,00108090 84.558 /84,558 | 0.022/0,022
init. ex 0.50000000 / 1.40000000 / 0.00700000 /
- €XD-. 0,50000000 1,40000000 0,00700000
i 0.49319000 / 0.25453400 / 0.00125533 /
final. exp. 0,49319000 0,25453400 0,00125533 81.819/81,819
initial 0.42037000 / 0.21869357 / 0.00091932/
5 0,42037000 0,21869357 0,00091932
) 0.41967824 / 0.05422304 / 0.00022756 /
final 041967824 0.05422304 0,00022756 75.246 / 75,246 | 0.0167/0,0167
init. ex 0.42037000 / 0.25953486 / 0.00128000 /
- EXD-. 0,42037000 0,25953486 0,00128000
) 0.41839000 / 0.07000000 / 0.00290000 /
final. exp. 0,41839000 0,07000000 0,00290000 73.070/73,070
initial 0.32450000 / 0.05422304 / 0.00017595 /
0,32450000 0,05422304 0,00017595
) 0.32433981 / 0.01347282/ 0.00004370 /
5 final 0.32433981 0,01347282 0,00004370 75.163 /75,163 | 0.0165/0,0165
init. ex 0.32450000 / 0.07000000 / 0.00290000 /
- EXD-. 0,32450000 0,07000000 0,00290000
) 0.32333000 / 0.02000000 / 0.00006000 /
final. exp. 0,32333000 0,02000000 0,00006000 71.420/71,420
It is noticed that, accepting the variability of probability that Se mai observa ca, acceptand variabilitatea

the impurities enter the alveoli, it can be remarked from Table
2, that, this probability increases with the load of indented
cylinder separator. It also specifies that, starting with the
initial amount of 0.5 kg material, in an indented cylinder
separator with the same characteristics but with cylinder length
of 1.5 m, the technological effect predicted has the value of
99.41 %.

Mixing experimental data with theoretical ones, it can get a
picture of the technological effect variation, Ecsm, with rotational
speed and length of the indented cylinder separator (fig. 5).

100 o —

o eSS

probabilitatii de intrare a impuritatilor in alveole, se vede,
din tabelul 2, ca aceasta probabilitate creste odata cu
incarcarea triorului. Se mai precizeaza ca, plecand cu
cantitatea initiala de 0,5 kg material, intr-un trior cu
aceleasi caracteristici dar cu lungimea cilidrului de 1,5 m,
efectul tehnologic pronosticat are valoarea 99,41 %.

Mixand datele experimentale cu cele teoretice, se
poate obtine o imagine a variatiei efectului tehnologic,
Ecsm, cu turatia si lungimea triorului (fig. 5).
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Fig. 5 — Variation of the technological effect related to the distance from the point of feeding and the rotational speed of the cylinder, in
two dimensional representation a) and three dimensional b) / Variatia efectului tehnologic cu distanta de la punctul de alimentare si
turatia cilindrului, in reprezentare bidimensionala, a) si tridimensionala b)

CONCLUSIONS

As a first important conclusion of this article it is mentioned
the obtaining of a functional description of the quality
parameters: the technological effect and the content of

CONCLUZzII

Ca prima concluzie importanta a acestui articol se
mentioneaza obtinerea unei descrieri functionale a
parametrilor de calitate: efectul tehnlogic si continutul de
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impurities on exit, result which completes the mathematical
model of Tit and brings it to practical use in the design
calculations till the final stage regarding the qualitative
aspects of indented cylinder separator operation.

This paper brings as novelty the direct expression of
performance functions of the sorting machine using the
result from [1] or [2]. Besides these functions, there are
also given some numerical results, as well as
experimental tests. Among them, one of the experimental
results is the equivalency of the qualitative effect of the
material passing through a long cylinder with the passage
several times through a shorter cylinder.

The results obtained are consistent with experimental
results, so that the degree of confidence in the theoretical
result makes it suitable for applications.

The study also made the connection between the
mathematical model which calculates the angular limits for
the impurities discharging and Tit model - the connection
which was made by one of the most important process
characteristics: index of kinematic regime.

The effect of cylinder length upon the quality has been
tested and has been demonstrated the equivalency of a
long cylinder with a battery of cylinders whose gathred
lengths give the length of initial cylinder. This serves for
designing batteries of indented cylinder separators with
reasonable lengths, possibly with recirculation.

It is recommended using in design process the
relationships presented in this article and, moreover, they
are to be used in research to find optimal working regimes.
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impuritati la iesire, rezultat care completeaza modelul
matematic al lui Tit si il aduce la utilizarea practica in
calcule de proiectare pana la faza finala privind aspectele
calitative ale functionarii triorului.

Aceasta lucrare aduce ca noutate exprimarea directa a
functiilor de performanta ale triorului folosind rezultatul din
[1] sau [2]. Pe langa aceste functii, se dau si o serie de
rezultate numerice, precum si verificari experimentale.
Printre acestea unul dintre rezultatele experimentale este
echivalenta efectului calitativ a trecerii materialului printr-
un cilindru de lungime data cu trecerea de mai multe ori
printr-un cilindru mai scurt.

Rezultatele obtinute sunt in concordanta cu rezultatele
experimentale, astfel incat gradul de incredere in rezultatul
teoretic il recomanda pentru aplicatii.

Studiul a facut si legatura intre modelul matematic prin
care se calculeaza limitele unghiulare de descarcare a
impuritatilor si modelul lui Tit — legatura care s-a facut prin
una dintre cele mai importante caracteristici de proces:
indicele regimului cinematic.

S-a testat efectul lungimii cilindrului triorului asupra
calitatii si s-a demonstrat echivalenta triorului lung cu o
baterie de trioare a caror lungimi insumate dau lungimea
triorului initial. Aceasta serveste la proiectarea unor trioare
de lungimi rezonabile sub forma de baterii, eventual cu
recirculare.

Se recomanda folosirea n proiectare a relatiilor expuse n
acest articol si, mai mult, ramane ca acestea sa fie utilizate n
cercetare pentru a gasi eventuale regimuri de lucru optimale.
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PROBABILITY OF IMPURITIES PENETRATION IN ALVEOLI IN THE CYLINDRICAL
THRESHERS WORKING PROCESS (part I1)

ESTIMAREA PROBABILITATII DE PATRUNDERE A IMPURITATILOR IN ALVEOLE iN
CADRUL PROCESUL DE LUCRU AL TRIOARELOR CILINDRICE (partea II)
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Abstract: This article introduces some natural assumptions
on the probability of penetration into alveoli of the
impurities depending on the geometric characteristics of
the impurities and alveoli.

The main original result consists in the formulae of
estimating the probability of penetration of impurities in

alveoli and expansion of Tit mathematical model
according to these estimates.
Keywords: cylindrical thresher, mathematical model,

probability of penetration in alveoli, qualitative parameters

INTRODUCTION

Tit model [1] designed to calculate changes in the flow
of impurities extracted by thresher, Qi, on the abscissa x
along the cylinder axis is defined by the differential
equation (1)

Rezumat: Acest articol introduce unele
privind probabilitatea de pétrundere
impuritatilor functie de caracteristicile
impuritatilor si alveolelor.

Principalul rezultat original constd in formule de
estimare a probabilitétii de patrundere a impuritatilor in
alveole si extinderea modelului matematic al lui Tit
conform acestor estimari.
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geometrice ale
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INTRODUCERE

Modelul lui Tit, [1], pentru calculul variatiei debitului de
impuritati extrase de trior, Qi, pe abscisa x in lungul axei
cilindrului, este definit prin ecuatia diferentiala (1):

Q7 i = Ad, @
Qlo _QI
in which in care
7Rn
A= Z,—, 2
8/”07/5 0 30

variables in (1) and (2) are given in Table 1. It is
considered a material input flow, Q, constant, formed from
the useful material flow, Qu0O and the impurities flow, QiO,
linked by the basic relation:

Q =Qu, +Qi,,

relation that is maintained even during the process,
but in variables depending on the co-ordinate on the
cylinder axis:

Q=Qu x +Qi x .

If A is constant, the differential equation (1) integrates
easily and it results a relation which connect the
coordinate on cylinder axis to the flow of impurities
removed. The result is useful in estimating the cylinder
length due to which the desired quality of the operation
separation is reached.

variabilele din (1) si (2) fiind date in tabelul 1. Se
considera un debit de intrare al materialului, Q, constant,
format din debitul de material util, Qu0O si debitul de
impuritati, Qi0, legate prin relatia elementara:

@)

relatie care se mentine si in timpul procesului, dar n
variabile dependente de coordonata pe axa cilindrului:

(4)
Daca A este constantd, ecuatia diferentiala (1) se
integreaza simplu si rezulta o relatie care leaga coordonata
pe axa cilindrului de debitul de impuritati eliminate.
Rezultatul este util Tn estimarea lungimii cilindrului care
determina o calitate dorita a operatiei de separare.

Table 1/ Tabel 1

Meaning and measuring units of working process variables in Tit model /
Semnificatia si unitdtile de mésura ale variabilelor procesului de lucru in modelul Tit

Variable / Significance / Semnificatie Measuring unit /
Variabila ’ Unitatea de masura
Q Feeding flow rate / Debitul de alimentare kgls
Quo Initial flow rate of useful material (at feeder pot) / Debitul initial de material util (la gura de alimentare) kgls
Qio Initial flow rate of impurities (at feeder pot) / Debitul initial de impuritéti (la gura de alimentare) kgls
Flow rate of useful material at distance x from feeding place (the origin) / Debitul de material util la
Qu distanta x de locul de alimentare (origi kg/s
ginea)
Qi Flow rate of impurities at distance x from feeding place (the origin) / Debitul de impuritati la distanta x Kals
de locul de alimentare (originea)
1o The alveolus volume / Volumul unei alveole m®
% Seed density / Masa volumica a semintelor kg/m®
Zy Number of alveoli per unit area / Numaérul de alveole pe unitatea de suprafata m?
R Cylinder radius / Raza cilindrului m
r Alveolus radius / Raza alveolei m
n Cylinder speed /Turatia cilindrului rot/min
£ The probability of impurities penetration in alveoli / Probabilitatea de pétrundere a impuritatilor in alveole -
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MATERIALS AND METHODS MATERIALE $I METODE

The problem of estimating the probability of impurities Problema estimarii probabilitatii de patrundere a impuritatilor
penetration into alveolus has remained an open question. in alveola a ramas o problema deschisa. Acest articol
This article makes some natural assumptions on the introduce unele ipoteze naturale de dependenta a acestei

dependence of this probability of the impurities geometric probabilitati de caracteristicile geometrice ale impuritatilor
characteristics and of the alveoli. More specifically, the si ale alveolelor. Mai precis, probabilitatea de patrundere
probability of impurities penetration in alveoli, would be a impuritatilor in alveole, ar fi determinata de unghiul de

determined by the inclination angle of the impurity long inclinare al axei mari a impuritatii modelata ca elipsoid de
axis modeled as a rotational ellipsoid, with the alveolus rotatie, cu axa de simetrie a alveolei. In cazul favorabil,
symmetry axis. If favourable case, the angle’s size makes unghiul are o marime care face ca proiectia acestui
the projection of the rotational ellipsoid on a alveolus elipsoid de rotatie pe un diametru al alveolei sa fie mai
diameter to be less than the alveolus diameter: mica decat diametrul alveolei:
2
j H(8)do

—J - (5)

Pa !

A
in which : Tn care:
1

1,daca( acos @ 2+ bsin @ 2]2 <r

Ho = ; (6)

1
O,daca( acos ¢ 2+ bsin @ ij >r

a and b being a rotational ellipsoid semiaxis that wraps the a si b find semiaxele unui elipsoid de rotatie care

impurity. In these circumstances the full expression of infagoard impuritatea. Tn aceste conditii expresia completa
probability of impurities penetration in alveolus is a probabilitatii de patrundere a impuritatii in alveola este:
g(a,b,r)=pa @
By integrating Tit differential equation (1) with a boundary Prin integrarea ecuatiei diferentiale a lui Tit, (1), cu
condition: conditia la limita :
Qi 0 =0, 8)
It is obtained the solution : Se obtine solutia:
-Qi i i
x:Q Q{ Q —+1In _QO } ©)
A |Q-Qi, Qi -Qi
For a direct expression of quality let us introduce the Pentru o exprimare directa a calitatii sa introducem efectul
technological effect by: tehnologic prin:
i
=2 (10)
Qip
At the same time, for facilitating things it is noted : De asemenea, pentru usurintd se noteaza:
i
Po _Qig (11)
Q
With these notations, solution (16) is written as: Cu aceste notatii, solutia (16) se scrie sub forma:
Et 1
x=1-p, Q PEt 1 |, (12)
All-p, 1-Et
RESULTS REZULTATE
The first result of the mathematical model presented in Primul rezultat al modelului matematic prezentat in
this article is even the probability of penetration of acest articol este chiar probabilitatea de patrundere a
impurities in alveoli. Its form, dependent on the impuritatilor in alveole. Forma acesteia, dependenta de

geometrical model of impurity and the ratio between the modelul geometric al impuritati si de raportul intre
geometric characteristics and the alveolus main geometric caracteristicile lui geometrice si caracteristica geometrica
characteristic, is a mathematical model which makes to principala a alveolei, este un model matematic care face
appear in Tit model the statistical geometry of impurities. sa apara in modelul lui Tit statistica geometriei
Impurities, but equally good grains and broken ones are impuritatilor. Impuritdtile, dar Tn aceeasi masura atéat
characterized by the rotational ellipsoids semiaxes that boabele bune cat si boabele sparte, se caracterizeaza prin
wrap them. To estimate the thresher work quality, is semiaxele elipsoizilor de rotatie care le infasoara. Pentru
essential the statistical analysis of the product to be estimarea calitatii procesului de lucru al triorului, este
threshed. The probability of impurities or certain grains esentiald analiza statisticd a produsului supus treierarii.

penetration in alveoli, is determined by the ellipsoid Probabilitatea de patrundere a impuritatilor in alveole sau
semiaxes size that wrap them. A careful statistical analysis a anumitor boabe este determinatd de marimea
of the product to be threshed shows that the alveoli will semiaxelor elipsoidului ce le infasoara. O analiza statistica
capture only impurities that don’t have the long semiaxis atentd a produsului supus ftrierii arata ca alveolele vor
bigger than alveolus radius and, at the same time, they will captura numai impuritati care nu au semiaxa mare mai

capture any good grains, but which are small in relation to mare decét raza alveolei si, in acelasi timp, vor captura
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the alveolus radius, or fragmented grains. Therefore,
statistical analysis of the original product can show if there
are fraction of impurities impossible to be eliminate with a
cylinder with alveolus of a certain size and, also, may
indicate even the percentage of good seeds lost in
secondary products, data that the original Tit model can
not provide.

Examples of statistical analysis of the product to be
threshed appear in Figures 1 and 2, obtained using the program
Mathcad 12. Statistical analysis of grains, presented in
Fig. 3, shows that the original product contains grain or
good fragmented grains with the long semiaxis smaller
than the alveolus radius. Therefore, the separation
process will be accompanied by a loss of good grain, to a
percentage comparable to the one given by statistical
analysis.

Statistical analysis of impurities from the initial product
analyzed for representation in Fig. 2, shows that there is a
high percentage of impurities with the ellipsoid long
semiaxis that wrap them better than the alveolus radius.
Therefore, the separation of these impurities with the
cylinder fitted with these alveoli will not be possible.

INMATEH - ? s 1

orice boabe bune, care insa au dimensiuni mici Tn raport
cu raza alveolei, sau boabe fragmentate. Asadar, analiza
statistica a produsului initial poate arata daca exista fractii
de impuritati imposibil de eliminat cu un cilindru cu alveole
de o anumita dimensiune gi, de asemenea, poate indica si
procentul de boabe bune pierdut in subproduse, date pe
care modelul Tit original nu le poate furniza.

Exemple de analizd statisticda a produsului supus
treierarii apar in figurile 1 si 2, obtinute cu ajutorul
programului MathCad 12. Analiza statistica a boabelor,
prezentata in fig. 3, arata ca produsul initial contine si
boabe sau fragmente de boabe bune cu semiaxa mare
mai mica decét raza alveolei. Prin urmare procesul de
separare va fi insotit de o pierdere de boabe bune, la un
procent comparabil cu cel dat de analiza statistica.

Analiza statisticd a impuritatilor din produsul initial
analizat pentru reprezentarea din fig. 2, arata ca exista un
procent mare de impuritati cu semiaxa mare a elipsoidului
care le infasoara mai bine decat raza alveolei. Prin urmare
separarea acestor impuritati cu cilindrul echipat cu
respectivele alveole nu va putea fi posibila.

’ § -

Fig. 1 - Impurities distribution statistics in the space of rotational ellipsoid semiaxis that geometrically models them /
Statistica distributiei impuritétilor in spatiul semiaxelor elipsoidului de rotatie care le modeleaza geometric.

- ]
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Fig. 2 - Statistics grain distribution in the rotatioanal ellipsoid semiaxis space that geometrically models them /
Statistica distributiei boabelor in spatiul semiaxelor elipsoidului de rotatie care le modeleazd geometric.

L
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Fig. 3 - Areas of the space of rotational ellipsoid semiaxis that model the impurities, in which the probability of penetration in alveoli by
impurities has the values 0.0165, respectively 0.0220 / Zone din spatiul semiaxelor elipsoidului de rotatie care modeleaza impuritétile, in
care probabilitatea de penetrare a alveolelor de catre impuritati are valorile 0,0165, respectiv 0,0220
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Another result of the proposed mathematical model, in
fact an extension of Tit model, refers to the probability of
impurities penetration behavior in alveoli, regarded as a
function of three variables : rotational ellipsoid semiaxis
that models geometrically the impurities and the alveolus
radius, given by the formulas (5), (6) and (7). It is important
to demonstrate that the functional form proposed for the
probability of impurities penetration in alveoli is in line with
the reality. This means that the values of this probability,
resulting from the knowledge of impurities size statistics
and the alveolus radius, must be comparable or sufficiently
approximate the same probability values calculated using
it as a parameter of calibration for the threshing process
measured.

These investigations also represent a verification of the
model. The verification was performed through
experimental data obtained by Sorica and the work team
[3]. They used a lot of common wheat (triticum aestivum),
Dropia variety, having the following physical and
mechanical characteristics:

=  humidity : 12.40 %;

= hectoliter mass: 73.66 Kg/hl;

= mass of 1000 seeds: 46.12 g;

= impurities: 1.40 % ou t of which:

- other black elements: 0.52 %;
- other white elements: 0.88 %
e broken grains: 0.32 %;
e shrivelled seeds: 0.14 %;
e underdeveloped seeds: 0.42 %.

The experiments were done with a thresher with 5.6
mm diameter alveoli. In the estimation of the technological
effect using Tit formula, the probability of impurities
penetration in alveoli was calculated by calibration,
knowing the technological effect value at the end of the
process (thresher cylinder total length). For three such
experiments, the values of the parameters of interest and
possible values of rotational ellipsoid semiaxes which
model the impurities are given in table 2.

INMATEH - Agticultural Engineeting

Un alt rezultat al modelului matematic propus, de fapt
o extindere a modelului lui Tit, se refera la comportamentul
probabilitatii de patrundere a impuritatilor in alveole, privita
ca o functie de trei variabile: semiaxele elipsoidului de rotatie
care modeleaza geometric impuritatile si raza alveolei, data
de formulele (5), (6) si (7). Este important sa se demonstreze
ca forma functionald propusa pentru probabilitatea de
patrundere a impuritatlor n alveole este in buna
concordanta cu realitatea. Aceasta inseamna ca valorile
acestei probabilitati, rezultate Tn urma cunoasterii statisticii
dimensiunii impuritatilor si razei alveolei, trebuie sa fie
comparabile sau sa aproximeze suficient de bine valorile
aceleiasi probabilitati calculate folosind-o ca parametru de
calibrare pentru procese de treierare masurate.

Aceste investigatii constituie Tn acelasi timp si o
verificare a modelului. Verificarea s-a facut prin intermediul
datelor experimentale obtinute de Sorica si echipa de lucru
in [3]. S-a folosit un lot de grau comun (triticum aestivum),
soiul Dropia, avand urmatoarele caracteristici fizico-
mecanice:

= umiditatea: 12,40 %;

= masa hectolitrica: 73,66 Kg/hl;

= masa a 1000 de seminte: 46,12 g;

= impuritati: 1,40 % din care:

- corpuri straine negre: 0,52 %;
- corpuri straine albe: 0,88 %
* seminte sparte: 0,32 %;
* seminte sistave: 0,14 %;
¢ seminte nedezvoltate: 0,42 %.

Experientele s-au facut cu un trior cu alveole avand
diametrul de 5,6 mm. La estimarea efectului tehnologic
folosind formula lui Tit, probabilitatea de patrundere a
impuritatilor in alveole s-a calculat prin calibrare, adica
cunoscand valoarea efectului tehnologic la finalul
procesului (lungimea totala a cilindrului triorului). Pentru
trei astfel de experimente, valorile parametrilor de interes
si valori posibile ale semiaxelor elipsoidului de rotatie care
modeleaza impuritatile sunt date in tabelul 2.

Table 2/ Tabel 2

Generating the probability of impurities penetration in alveoli using the model /
Generarea probabilitatii de patrundere a impuritatilor in alveole cu ajutorul modelului

The probability of impurities
penetration in alveoli, &£/
Probabilitatea de patrundere
a impuritatilor in alveole, €

Technological effect,%/
Efectul tehnologic, %

a, long semiaxis of the
rotational ellipsoid that
models the impurities / a,
semiaxa mare a elipsoidului
de rotatie care modeleaza
impuritatile [mm]

b, small semiaxis of the
rotational ellipsoid that
models the impurities /
b, semiaxa mica a
elipsoidului de rotatie care
modeleaza impuritatile, mm

0.0165/0,0165 75.163 /75,163 5.350 /5,350 2.790 /2,790
0.0167/0,0167 75.246 / 75,246 6.180 /6,180 2.785/2,785
0.0220/ 0,0220 84.558 / 84,558 7.365 /7,365 2.760/ 2,760

The probability of impurities to penetrate in alveoli,
mathematically modeled, is a function of rotational ellipsoid
semiaxes which model geometrical the impurity, and the
alveolus radius. As a result, the probability of impurities to
penetrate in alveoli can have the same value for a whole
area within semiaxis values of the rotation ellipsoid that
wraps the impurity. For 0.0165 and 0.022 values of this
probability, the geometric locations of points from ellipsoid
semiaxis within values modeling the impurity, are drawn in
figure 3. Probability function set of values, for r=2.8 mm
and semiaxis between 1 and 5 mm can be observed in
Fig. 4, in a graphic as surface form. The same
representation is given in Fig. 5, but for a much smaller
area of the ellipse semiaxis, between 5.3 and 5.5 mm for
the long semiaxis and between 2.77 and 2.81 mm for the
small semiaxis. It can be observed that the probability
function set includes the experimental range from table 2.
It may be noted that the probability function is symmetrical

Probabilitatea de patrundere a impuritatilor in alveole,
astfel modelatd matematic, este o functie de semiaxele
elipsoidului de rotatie care modeleaza geometric impuritatea
si de raza alveolei. Ca urmare, probabilitatea de patrundere a
impuritatilor in alveole poate lua o aceeasi valoare pe o
intreaga zona Tn planul valorilor semiaxelor elipsoidului de
rotatie care infagoara impuritatea. Pentru valorile 0,0165 si
0,022 ale acestei probabilitati, locurile geometrice ale
punctelor din planul valorilor semiaxelor elipsoidului ce
modeleaza impuritatea, sunt trasate in fig. 3. Multimea
valorilor functiei probabilitate, pentru r=2,8 mm si semiaxe
cuprinse intre 1 si 5 mm, poate fi observata in fig. 4, intr-o
reprezentare graficd sub forma de suprafatda. Aceeasi
reprezentare se da si in fig. 5, dar pentru un domeniu mult
mai restrans al semiaxelor elipsei, cuprins intre 5,3 si 5,5
mm pentru semiaxa mare si intre 2,77 si 2,81 mm pentru
semiaxa mica. Se observa ca multimea valorilor functiei
probabilitate include intervalul experimental din tabelul 2.
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in the components signifying semiaxis ellipsoid values.

INMATEH - ? s 1

Se poate observa ca functia de probabilitate este simetrica in
componentele care semnifica valorile semiaxelor elipsoidului.

" ) ==

Fig. 4 - Penetration probability variation of the impurities in the alveoli in relation to rotational ellipsoid semiaxes which geometrically
modelled the impurity / Variatia probabilitatii de patrundere a impuritétilor in alveole in raport cu semiaxele elipsoidului de rotatie care
modeleaza geometric impuritatea

Fig. 5 - Penetration probability variation of the impurities in the alveoli in relation to rotational ellipsoid semiaxes which geometrically
modelled the impurity, within a range of interest for verification / Variatia probabilitétii de patrundere a impuritatilor in alveole in raport cu
semiaxele elipsoidului de rotatie care modeleaza geometric impuritatea, intr-un interval de interes pentru verificare.

CONCLUSIONS

Probability model proposed in this study creates an
extension of Tit model for separation operation with
threshers. This model depends on the geometry of impurities,
more precisely on the rotational ellipsoid semiaxis which
modelled the impurities. More precisely, the model
introduces in the calculation the sizes of impurities and, as
it will be explained below, even those of grains.

By introducing components size of the material
entering the thresher in the separation process, can be
estimated a minimum quantity of good grains lost as
secondary products. This measure of the quality, is
calculated using only the probability of impurities
penetration in alveoli, model presented in this study and
deeply knowing the product statistics to the entry into the
thresher. Knowing the product statistics at the entry into
the thresher is to know percentage distributions of the
dimensions (rotational ellipsoid semiaxis which modelled
geometrically the good grains and the broken grains, small
impurities or short ones and long impurities) main
components of the material working under the thresher
process: good grains, good fragmented grains or small,
small impurities or short and big or long impurities.

So, we can estimate before the threshing process a
minimum value of good grain lost into secondary products
and an approximate value of the impurities percentage
that can not be separated using a thresher with a given
size alveolus. Therefore, completing Tit model, can be
estimated the process following quality parameters:

- technological effect, Et, defined by the formula(9)

introduced in the model in the formula (11);

- the percentage of good seeds lost in subproducts.

Thorough statistics knowledge of the product to be
processed and the alveolus size will allow a better
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CONCLUZII

Modelul de probabilitate propus in aceasta lucrare
creeaza o extindere a modelului lui Tit pentru operatia de
separare a impuritatilor cu ajutorul trioarelor. Acest model
depinde de geometria impuritatilor, mai precis de semiaxele
elipsoidului de rotatie care modeleaza impuritatile. Mai
exact, modelul introduce n calcul dimensiunile impuritatilor si,
cum se va arata in continuare, chiar pe cele ale boabelor.

Prin introducerea dimensiunilor componentelor materialului
care intra in trior in procesul de separare, se poate estima
si 0 valoare minima a cantitatii de boabe bune pierdute in
produsele secundare. Aceastd masura a calitatii procesului,
se calculeaza folosind exclusiv modelul probabilitatii de
patrundere a impuritatilor in alveole expus in aceasta lucrare
si cunoscand in amanunt statistica produsului la intrarea
n trior. A cunoaste statistica produsului la intrarea in trior
fnseamna a cunoaste distributiile procentuale ale dimensiunilor
(semiaxele elipsoidului de rotatie care modeleaza geometric
atat boabele bune céat si boabele fragmentate, impuritatile
mici sau scurte gi impuritatile lungi) principalelor componente
ale materialului supus procesului de lucru al triorului:
boabe bune, boabe bune fragmentate sau mici, impuritati
mici sau scurte gi impuritati mari sau lungi.

Astfel, se poate estima Tnainte de desfasurarea procesului
de treierare o valoare minima a boabelor bune pierdute in
produse secundare si o0 valoare aproximativa a procentului
de impuritati care nu pot fi separate utilizand un trior cu alveole
de dimensiune data. Prin urmare, completand astfel modelul lui
Tit, pot fi estimati urmatorii parametrii de calitate ai procesului:

- efectul tehnologic, Et, definit prin formula (9) si
introdus Tn model Tn formula (11);
- procentul de boabe bune pierdute Tn subproduse.

Cunoagterea amanuntita a statisticii produsului care
urmeaza a fi prelucrat si a dimensiunilor alveolelor, va
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estimation of the thresher performance. Moreover, formula
(12) will connect the input and output parameters of the
separation process including in them the geometry of input
components.

In general, Tit model opens new other perspectives,
some of them with applications, others, may be interesting
only scientifically:

- modelling the probability of impurities penetration
in the alveoli as a function of more detailed
geometry of the input components (ellipsoid that
is not rotational), using a large experimental
volume;

- more realistic
geometry;

- Tit model study on cylinder with variable radius on
the thresher length axis (replacing the thresher
cylindrical surface with a tapered one, for example);

- consideration of the introduction a of metallic or
nonmetallic materials on which the alveoli should
be profiled and moulded on the inner surface of
the thresher cylinders, in order to increase
reliability and lower noise;

- automation to achieve the automated statistical
analysis to the entry and exit of products, and
automation for optimal control energy of the
process;

- extension of the current mathematical models
formula giving in the threshers design, to the
models in which is consider the thresher cylinder
slight inclination of the axis.

In all these directions, Tit model, and the proposed

extension of the authors of this article, can play an
important role.

modelling of the alveolus

REFERENCES

[1]. Tit Z. L. (1967) - Machines used after harvesting for
processing flows of seeds, Masinostroenoie, Kolos,
Moscow, pg. 102-107;

[2]. Gageanu P., Pirna I. (2002) - Theoretical aspects on
the determination of the thresher cylinder length,
INMATEH I, pg. 106-110, Bucharest, Romania;

[3]. Sorica C. (2011) - Summary of PhD Thesis:
Contributions to the study of grain conditioning process,
Transilvania University of Brasov Publishing House;

[4]. Brinzanescu, V., Stanasila, O. (1994) — Special mathematics -
theory, examples, applications, All Publishing House, Bucharest;
[5]. Mihoc, Gh., Craiu, V. (1981) — Treatise of Mathematical
Statistics, Vol 1V, Correlation and linear regression, Socialist
Republic of Romania Academy Publishing House.

62

INMATEH - Agticultural Engineeting

permite o estimare buna a performantelor triorului. Mai
mult, formula (11) va lega parametrii de intrare si de iesire
ai procesului de separare, incluzand in acestia si
geometria componentelor produsului de intrare.

In general, modelul lui Tit deschide si alte noi
perspective, unele dintre ele cu aplicatii, altele, poate
interesante numai din punct de vedere stiintific:

- modelarea probabilitatii de patrundere a impuritatilor
n alveole ca functie de geometria mai amanuntita a
componentelor produsului de intrare (elipsoid care
nu este de rotatie), folosind un mare volum
experimental;

- modelarea mai apropiata de realitate a geometriei
alveolei;

- studiul modelului lui Tit pe cilindri cu raza variabila
pe lungimea axei ftriorului (inlocuirea suprafetei
cilindrice a triorului cu una tronconica, de exemplu);

- examinarea posibilitdti de introducere a unor
materiale nemetalice sau metalice pe care sa fie
profilate alveole si care sa fie mulate pe suprafata
interioara a cilindrilor trioarelor, in scopul cresterii
fiabilitatii si scaderii zgomotului;

- automatizarea procesului pana la nivelul realizarii unei
analize statistice automate la intrare si la iesire a
produselor, precum si automatizarea in vederea controlului
optimal din punct de vedere energetic al procesului;

- extinderea actualelor modele matematice care dau
formule de calcul in proiectarea trioarelor, la modele
in care sa se considere si inclinarea usoara a axei
cilindrului trior.

in toate aceste directii, modelul lui Tit, precum si
extinderea propusa de autorii acestui articol, pot juca un
rol foarte important.
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Abstract: The preparation of cereal seeds before
processing them represents a complex technological
process, which requires several machines and
installations constructive types designed to separate
and remove the impurities existing in the seed mass.
This paper presents the experimental investigations of
module of cereal primary processing MPPC-0, which
comprises two technical equipment appropriate to
technology of cereals primary processing- modern and
innovating achievements both in the country and
abroad. The cereals primary processing module MPPC-0
is a complex installation, which totally mees the
requirements related to quality of impurities removal out
of cereals matter, according to labour protection norms,
operators health and environment regulations, having
a working capacity suitable to agricultural farms
grainstores, seeds conditioning centres as well as
technological flows of milling units. Within the
experimental research, the technical equipment
qualitative working indexes and power indexes have
been determined, establishing, at the same time the
optimum working parameters of cereals primary
processing module MPPC-0.

Keywords: technical equipment, primary processing
technology, performance indexes, cereal seeds

INTRODUCTION

In order to use the main crop seeds at different
purposes (storage and conservation, sowing matter and
consumption, industrialization and commercialization
products, etc), the whole and sain seeds should be
separated out of the matter mixture and the obtained
matter should meet the requirements of standards in force.

Preparing the cereal and technical plant seeds before
their processing is a complex technological process,
which comprises several machines and installations
constructive types designed to separate and remove the
impurities existing in the seed matter.

The continous progress related to improving the
primary processing methods as conditioning operations
and technical and material base periodically determines
the enhancement of requirements in terms of foreign
bodies removal, seeds uniformity, sanitary state, plots
homogeneity, or other quality aspects, such as those
related to field performance.

Therefore, profoundly knowing the technology to be
used, the operating method of technical equipment
appropriate to relevant technology and technical-
functional parameters adjusting respresent an important
preriquisite to obtain the maximum quality with reduced
power and man labour consumption.

The technical equipment forming the cereals primary
processing module MPPC-0 comprise state-of-the art
equipment representative for milling industry. By equipping
with vibration generators, the plan — parallel movement
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Rezumat: Pregatirea semintelor de cereale inainte de
procesare reprezinta un proces tehnologic complex, care
include mai multe tipuri constructive de masini si instalatii
pentru precurétirea cerealelor cu rolul de a separa i
elimina impuritétile existente in masa de seminte. In aceasts
lucrare sunt prezentate investigatile experimentale ale
Modulului de prelucrare primard a cerealelor MPPC-0, in
a cdrui componenta se regédsesc doud echipamente tehnice
specifice tehnologiei de prelucrare primare a cerealelor,
realizdri moderne si inovatoare atat pe plan intern cét si pe
plan international. Modulul de prelucrare primaré a cerealelor
MPPC-0 este o instalatie complexa, care satisface in
totalitate cerintele referitoare la calitatea separarii
impuritatilor din masa de cereale cu respectarea normelor
de protectie a muncii, a sanétatii operatorilor si protectia
mediului, avand o capacitate de lucru corespunzatoare
depozitelor din fermele agricole, statiilor de conditionat
seminte de cereale precum si fluxurilor tehnologice din
unitatile de mordérit. In cadrul cercetérii experimentale s-au
determinat in conditii de laborator si exploatare indicii
calitativi de lucru si indicii energetici ai echipamentelor
tehnice stabilindu-se totodata parametrii optimi de Ilucru ai
Modulului de prelucrare primaré a cerealelor MPPC-O.

Cuvinte cheie: echipament tehnic, tehnologie de prelucrare
primaré, indicatori de performanta, seminte de cereale

INTRODUCERE

Pentru ca semintele culturii principale sa poata fi
folosite 1n diferitele scopuri (depozitare si pastrare,
material de insamantare si consum, industrializare si
comercializare, etc), trebuie, ca din amestec, sa fie
separate seminte intregi si sanatoase, iar materialul
obtinut sa indeplineasca cerintele standardelor in vigoare.

Pregatirea semintelor de cereale si plante tehnice
inainte de procesare reprezinta un proces tehnologic
complex, care include mai multe tipuri constructive de
magini si instalati pentru separarea si eliminarea
impuritatilor existente in masa de seminte.

Progresele continue pe linia imbunatatirii metodelor
de prelucrare primaré ca prime operatii de conditionare si
a bazei tehnico-materiale determina periodic sporirea
substantiala a pretentiilor fata de lipsa corpurilor straine,
uniformitatea semintelor, starea sanitard, omogenitatea
loturilor sau fata de alte aspecte ale calitatii, cum ar fi cele
legate de performanta acestora in camp.

Se cere o0 temeinica cunoastere a tehnologiei utilizate,
a modului de functionare a echipamentelor tehnice
specifice tehnologiei precum si a reglarii parametrilor
tehnico-functionali ai acestor echipamente in vederea
obtinerii calitatii maxime, cu consum minim de energie si
fortd de munca.

Echipamentele tehnice aflate in componenta modulului
de prelucrare primara a cerealelor MPPC-0 cuprind realizari de
ultima ora in constructia de echipamente tehnice din industria
moraritului. Prin echiparea cu generatoare de vibratii, miscarea
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induced by them allow to technical equipment a high
output capacity and an increased separating efficiency.

MATERIALS AND METHOD

The experimental researches were performed at INMA
Bucharest, using the cereals primary processing module
MPPC-0 (fig.1).
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plan - paralela indusa de acestea confera echipamentelor
tehnice un randament ridicat si o eficienta sporita a separari.

MATERIALE SI METODA

Cercetarile experimentale s-au desfasurat la INMA
Bucuresti, folosind Modulul de prelucrare primara a
cerealelor MPPC-0 (fig.1).

Fig. 1 - Cereal primary processing module MPPC-0 mounted on installation platform— milling installation ICM of INMA Bucharest /
Modulul de prelucrare primaréa a cerealelor MPPC-0 montat pe platforma Instalatiei — scoald de mécinat ICM a INMA Bucuresti
1 - elevator / elevator; 2 - gravity separator / separator gravitational, 3 - intensive separator - suction apparatus / separator aspirator intensiv; 4 -
ventilator / ventilator; 5 - cyclone collector / ciclon despréfuire; 6 - control and signalling board / tablou de comanda si semnalizare

The module (fig.1) is made of the following main
components: a group of technical equipment specific to
technology of primary processing (intensive separator-
suction apparatus pos.3, technical equipment performing
the impurities separation in terms of size differencies and
aerodinamics features, gravity separator, pos.2, tehnical
equipment which removes the impurities on basis of
specific weight difference and aerodynamics features, a
tehnical equipment ensuring the interphasial transport on
vertical (double elevator pos.1) and a dust and light
impurities collecting system (ventilator pos.4 and collecting
cyclone pos.5), all these being electrically driven and
coordinated from an electric control and signalling panel
(pos.6).

From the electric control and signalling panel pos.6 the
technical equipment shall be manually operated-
interblocked as it follows: 1-ventilator; 2-rotative lock; 3-
stone separator; 4-intensive suction apparatus separator;
5-elevator.

The material used at the experimental researches was
the wheat obtained on experimental plots of INMA
Bucharest. In compliance with the scheme in figure 2, the
product was introduced as a seed matter into the feeding
hopper of elevator base pos.1 (fig.2) which ensures their
transport on vertical up to the level of elevator top, from
where it is evacuated towards the feeder of intensive
suction apparatus - separator SAI800 pos.3. This last one
removes the impurities chosen by size differencies and
aerodynamics features. Due to oscillating movement of
sieves frame the big foreign bodies are separated (as a
refuse of upper sieves) and small foreign bodies (as a
sifting product of lower sieves).
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Modulul  (fig.1) este format din urmatoarele
componente de baza: un grup de echipamente tehnice
specifice tehnologiei de prelucrare primara (separator
aspirator intensiv poz.3, echipament tehnic ce realizeaza
separarea impuritatilor pe baza diferentei de marime si a
proprietatilor aerodinamice, separator gravitational poz.2,
echipament tehnic ce realizeaza nlaturarea impuritatile pe
baza diferentei de greutate specifica si a proprietatilor
aerodinamice), un echipament tehnic ce asigura
transportul interfazic pe verticala (elevator dublu poz.1) si
un sistem de aspiratie a prafului si a impuritatilor usoare
(ventilator poz.4 si ciclon desprafuire poz.5), toate acestea
actionate electric si coordonate de la un tablou electric de
comanda si semnalizare poz.6.

De la tabloul de comanda si semnalizare poz. 6
echipamentele tehnice vor fi pornite in regim manual -
interblocat in urmatoarea ordine: 1-ventilator; 2-ecluza
rotativa; 3-separator de pietre; 4-separator aspirator
intensiv; 5-elevator.

Materialul folosit la cercetarile experimentale a fost
graul obtinut de pe loturile experimentale ale INMA
Bucuresti. Conform schemei de flux tehnologic din figura
2, produsul a fost introdus sub forma unei mase de
seminte in buncarul de alimentare al piciorului elevatorului
poz.1 (fig. 2) ce asigura transportul lor pe verticala pana la
fnaltimea capului elevatorului de unde este evacuat spre
alimentarea separatorului aspirator intensiv SAI800 poz.3.
Acesta nlatura impuritatile pe baza diferentei de marime si
a proprietatilor aerodinamice. Datoritd migcarii oscilatorii a
batiului cu site, are loc procesul de separare a corpurilor
straine mari (ca refuz al sitelor superioare) si a corpurilor
straine mici (ca cernut al sitelor inferioare).
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Fig. 2 - Technological scheme of cereal primary processing module MPPC-0 / Schema tehnologica a modulului de prelucrare primara a
cerealelor MPPC-0
a) equipment’s presentation, connections and operations / prezentare utilaje, conexiuni si operatii; b) flow diagram / schema flux
1 - elevator / elevator; 2 - gravity separator / separator gravitational; 3 - intensive suction apparatus separator / separator aspirator
intensiv; 4 - suction installation / instalatie de aspiratie

These ones are evacuated through the evacuating
chutes, the main product reaching the aspiration
channel, where under the air current action the foreign
light bodies are sucked and decanted into the dust
collecting cyclone of suction apparatus IASP-0, pos.4.
After having left the intensive separator, the product
enters the stone separator SP-00, pos.2. It removes the
impurities by specific weight and aerodynamics features.
Separation of mixtures according to their specific weight
is performed as a result of combined action of vibrations
acting on the working surface and an upward continous
air current of constant pression, which goes through the
seeds layer situated on a wire cloth surface tilted
towards two senses- (longitudinal and transversal). Due
to working surface oscillations and air current, the heavy
impurities are moved to the upper part and evacuated
through an exhaust stack, and the main cereal seeds are
displaced to the lower part and evacuated through the
discharge connection.

The main technical characteristics of equipment
specific to cereal primary processing technology are the
following:

Intensive suction separating apparatus SAI 800

- capacity of processing, t/h 8-10

- air flow rate necessary to aspiration, m3min. 8090

- installed power, kW 2x0.45

- frequency of sieve frame oscillations, osc/min. 960
Separator of stones SP-00

- capacity of processing, t/h 2.5:4

- necessary air flow rate, m3/min. 130

- installed power, kW 2x0.32

- frequency of oscillations, osc/min. 960
Suction installation

- diameter of suction conduit, mm 350

- common flow rate of ventilator, m3/h 8000;

- power of electric engine acting the ventilator, KW 7.5

- gearmotor electrical power- lock driving, KW 0.75

The tests of the module MPPC-0 have gathered 115
operating hours and have been performed according to
the specific procedures [2], using the following
measuring apparata: electronic balance and hectolitre
balance, electronic bubble level (for determining the
tilting angle of two separators working surfaces),
electronic humidometer, anemometer (for determning
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Acestea sunt evacuate prin jgheaburile cutiei de evacuare,
produsul;de baza ajungand in canalul de aspiratie unde sub
actiunea curentului de aer sunt aspirate corpurile strdine usoare
ce sunt trimise la decantare in ciclonul de desprafuire al
instalatiei de aspiratie IASP-0, poz. 4. De la iesirea din
separatorul aspirator intensiv produsul este introdus in
separatorul de pietre SP-00, poz. 2. Acesta inlatura
impuritatile pe baza greutatii specifice si a proprietatilor
aerodinamice. Separarea amestecurilor dupa greutatea
specificd se realizeaza ca efect al actiunii combinate a
vibratiilor la care este expusa suprafata de lucru si a unui
curent de aer continuu, ascendent, de presiune constanta
care strabate stratul de seminte aflat pe o suprafata din
tesatura de sarma inclinatd dupa doua directii (longitudinala
si transversald). Datoritd actiunii oscilatilor suprafetei de
lucrugi a curentului de aer, impuritatile grele sunt deplasate
catre capatul superior si evacuate printr-un racord, iar
semintele cerealei de bazad sunt deplasate catre capatul
inferior si evacuate prin racordurile de evacuare.

Principalele caracteristici tehnice ale echipamentelor
tehnice specifice tehnologiei de prelucrare primara a
cerealelor sunt urmatoarele:

Separatorul aspirator intensiv SAI 800

- capacitatea de prelucrare, t/h 8-10
- debit de aer necesar la aspiratie, m3/min. 80+90
- puterea instalata, Kw 2x0,45
- frecventa oscilatiilor batiului cu site, osc/mi 960
Separatorul de pietre SP-00
- capacitatea de prelucrare, t/h 2,54
- debit de aer necesar, m3/min. 130
- putere instalata, kW 2x0,32
- frecventa oscilatiilor, osc/min. 960
Instalatie aspiratie
- diametrul conductei de aspiratie, mm 350
- debit nominal ventilator, m3/h 8000;
- putere motor electric actionare ventilator, kKW 75

- putere electricd motoreductor actionare ecluza, kW  0,75.
Tncercéarile Modulului de prelucrare primars a cerealelor
MPPC-0 au insumat un numar de 115 ore de functionare si s-au
efectuat In conformitate cu procedurile specifice [2], folosindu-se
umatoarele aparate de masurare: cantar electronic si balanta
hectolitrica, nivela electronica cu bula (pentru determinarea
unghiului de inclinare a suprafetelor de lucru al celor doua
separatoare), umidometru electronic, anemometru (pentru determinarea
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the speed of air current), inductive displacing transducer
(for determining the amplitude of working surface
oscillations), tachometer and phase and frequency
analyzer (for determining the energetic indexes).

At the same time, the good operating process of
measuring apparata and devices were verified and the
conditions of the environment (environment temperature
and relative humidity) where they were used were
measured.

The place of measuring apparata within the bench is
given in figure 3.
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vitezei curentilor de aer), traductor de deplasare inductiv
(pentru determinarea amplitudinii oscilatilor suprafetei de
lucru a celor doua separatoare), tahometru si analizorul de
faza si frecventa (pentru determinarea indicilor energetici).

Totodata, a fost verificatd buna functionare a
aparaturii si a dispozitivelor de masurare si au fost
masurate conditile de mediu (temperatura mediului
ambiant si umiditatea relativa) in care acestea au fost
utilizate.

Modul de amplasare al aparatelor de masura in
cadrul standului este dat in figura 3.

Fig. 3 Place of measuring apparata and adjusting area / Modul de amplasare al aparaturii de masuréa si zone de reglare
1 - displacement transducer / traductor de deplasare; 2 - counterwheights / contragreutati; 3 - screw mechanism / mecanism cu surub; 4 -
suction conduit / tub de aspiratie; 5 - module of amplifying and data acquisition / modul de amplificare si achizitie date; 6 - laptop / laptop

The technical separating equipment within the
experimental model have been designed especially to
allow the following parameters to be adjusted:

« Product feed rate;

e  Suction air flow rate and speed;

e  Working surfaces tilting angle;

e Amplitude of oscillating movement of working
surfaces.

Taking into account the technological role of these equipment,
samples have been taken and laboratory analyses have been
performed when wheat enters the module, or leaves the
module and when the decanted product comes out of the cyclone.

For each sample, the product humidity, physical purity
of different types of impurities eliminated, the hectolitre
mass, the percentage of good seeds were determined.

Working capacity Q of module of cereal primary
processing was detetrmined by the formula:

Q=

where: m is the initial mass of material (m=1000 kg);
t - time necessary to each experimental determination, s;
Knowing the speed and section of suction conduit the air
flow rate Qa required for suction was calculated by using
the formula:

Q, =3600 -v- S [m°h]

Where S: is the section passing through the suction
conduit, m*.

Technological effect Ecs of the module MPPC-0 was
determined at a single passage of the product through the
two technical separating equipment.

Coefficient of good seeds loss as sub-products is
calculated starting from:

Echipamentele tehnice de separare din cadrul
modelului experimental au fost concepute cu posibilitati
de reglare a urmatorilor parametri:

o  debitul de alimentare cu produs;

« debitul si viteza aerului de aspiratie;

« unghiul de inclinare al suprafetelor de lucru;

« amplitudinea migcarii oscilatorii a suprafetelor de
lucru.

Avand 1n vedere rolul tehnologic al acestor
echipamente s-au recoltat probe si s-au efectuat analize
de laborator la intrarea graului in modul, iesirea graului
din modul si la iesirea produsului decantat in ciclon.

Pentru fiecare probad s-au determinat:umiditatea
produsului, puritatea fizica a diferitelor tipuri de impuritati
eliminate, masa hectolitrica, procentul de seminte bune.

Capacitatea de lucru Q a modului de prelucrare primara
a cerealelor MPPC-0 s-a determinat cu formula:

3600 T [kg/h]

n care: m este masa initiala a materialului (m=1000 kg);
t - impul necesar fiecarei determinari experimentale, s;
Cunoscand viteza si sectiunea conductei de aspiratie
s-a determinat debitul de aer Qa necesar la aspiratie
utilizand formula:

@

@)

in care: S este sectiunea de trecere prin conducta de
aspiratie, m.
Efectul tehnologic Ecs al Modului de prelucrare primara
a cerealelor MPPC-0 s-a determinat la o singura trecere a
produsului prin cele doua echipamente tehnice de separare.
Coeficientul de pierderi seminte bune in subproduse
Cps este calculat cu relatia:
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C,s = (Em, /m)-100 [%] @)

where: my is good seeds mass when they can be found
coming out of the module and the eliminated
impurities quantity;
m - mass of seeds entering the module.
The calculation relation for determining the
technological effect Ecs consisting in foreign bodies
(impurities eliminated is of [2]:

Cs

Where:
Cesi - represents the content of foreign bodies
(impurities) when entering the installation [%];
Cese - content of foreign bodies (impurities) at the
installation evacuating area [%].
Electric energy consumed W is calculated by the formula:

n care: mx este masa semintelor bune ce se regasesc la
iesirea din modul in cantitatea de impuritati
eliminate;

m - masa semintelor bune la intrarea Tn modul.
Relatia de calcul pentru determinarea efectului
tehnologic E¢s care consta in procentul de corpuri straine

(impuritati) eliminate este [2]:

E, = bcsi _Ccse :/Ccsi Z(loo (%] 4)

n care:
Cesi - reprezinta continutul de corpuri straine
(impuritati) la intrarea in utilaj [%];
Ccse - continutul de corpuri straine (impuritati) la
evacuarea din utilaj [%].
Energia electricd consumata W se calculeaza cu formula:

W = (P, -t)/3600 [kwh] (5)
where: in care:
P. is the network power consumed by the pair of Pa este puterea absorbitd de la retea de catre
motorvibrators; perechea de motovibratoare;

t - operating time (s).
Specific consumption of electric energy q was calculated
taking into account the module useful power and quantity
of product processed by means of the following formula:

t - timpul de functionare (s).

Consumul specific de energie electricd q s-a
calculat tindnd cont de puterea utila a modulului si de
cantitatea de produs prelucrat cu urmatoarea formula:

q=—"— [KWhikg] ©

where:
P. - the module useful power, kW;
Q - quantity of processed product, kg/h;
Nme - driving electric output.

RESULTS

Before the unloaded start the module wholeness,
the electric installation state, the adjustments access
and maneovrability were verified. After controlling wether
the driving systems rotation directions were appropriate,
or abnormal frictions or noises appeared, the module
was allowed to operate for 8 hours, while measurements
related to rotative speed and power used by technical
equuipment at unloaded start were performed. The
mesurements results are shown in table 1.

n care:
Pu - puterea utila a modulului, kW,
Q - cantitatea de produs prelucrat, kg/h;
Nme - randamentul electric al actionarii.

REZULTATE

Tnainte de pomirea in gol a modulului s-a verificat integritatea
acestuia, starea instalatiei electrice, accesibilitatea i manevrabilitatea
reglajelor, constatandu-se ca toate acestea sunt corespunzatoare.
Dupa ce s-a constatat ca sensurile de rotatie ale sistemelor
de actionare sunt corespunzatoare, nu apar frecari sau
zgomote anormale, modulul a fost Iasat sa functioneze in gol
timp de 8 ore, perioada in care s-au efectuat masurari privind
turatia si puterile absorbite de echipamentele tehnice la functionarea
in gol, rezultatele masurarilor fiind trecute in tabelul 1.

Table 1/ Tabelul 1

No load parameters of module MPPC-0 / Parametrii la functionarea in gol a modulului MPPC-0

Den. no./ Characteristic / Caracteristica M.U./U.M. value determmeq durvlnghthe tesvts_ /
Nr. crt. Valoarea determinata la incercari
1. Electrovibrators speed / Turatie electrovibratoare rpm / rot/min 960
Total installed power / Puterea totald instalata kW 9.79/9,79
Power absorbed by the intensive suction separating apparatus / KW 0.76/ 0.76
Puterea absortitd de separatorul aspirator intensiv ) '
Power absorbed_ by stone separator / Puterea absorbita de KW 0.54 /0,54
separatorul de pietre
5. Power absorbed by ventilator / Puterea absorbita de ventilator kW 6.37 /6,37
6. Power absorbed by the sluice / Puterea absorbité de ecluza kw 0.63/0,63

After checking all the technological joints and
reaching the capacity foreseen by the relevant
documents, the module was allowed to operate as
loaded start, intervening only on adjustments appropriate
to a suitable quality of product refining, aiming that the
qualitative indexes be determined by laboratory analyses.

After performing the appropriate adjustments, it has
been found that the module is constantly and uniformly
supplied on whole working surface of both separating
equipment and the main adjustments are accessible and

Dupa verificarea tuturor racordurilor tehnologice si
dupa atingerea capacitatii prevazute in documentatie,
modulul a fost lasat sa functioneze in sarcind
intervenindu-se asupra reglajelor pana cand s-a apreciat
ca produsul curatat corespunde calitativ, urmarind ca
indicii calitativi sa fie determinati prin analize de laborator.

Dupa efectuarea reglajelor corespunzatoare s-a
constatat ca alimentarea modulului este constanta si
uniforma pe toatd suprafata de lucru a celor doua
echipamente tehnice de separare, iar principalele reglaje
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easy to performed. At the same time, measurements of
number of speeds and powers used by technical
equipment were performed.

The parameters obtained after the results processing
are shown in tables 2, 3 and 4.

INMATEH - ? s 1

sunt accesibile si usor de realizat. S-au efectuat de
asemenea masurari privind turatia si puterile absorbite
de echipamentele tehnice.

Parametrii obtinuti Tn urma prelucrarii tuturor rezultatelor
sunt prezentati in tabelele 2, 3 si 4.

Table 2/ Tabelul 2

Qualitative and functional parameters of loaded module MPPC-0 /
Parametrii calitativi si functionali in sarcina ai modulului MPPC-0

Den.no./ e C M.U./ | Value determined during the tests /
Nr. crt. Characteristic / Caracteristica U.M. Valoarea determinata Ig incercari
1. Working capacity / Capacitatea de lucru t/h 10.016 / 10,016
Quiality of product processed at module entering area / Calitatea produsului
prelucrat la intrarea in modul
- humidity / umiditatea % 13.5/13,5
2. - foreign bodies / corpuri stréine: % 2.8712,87
. big foreign bodies / corpuri stréine mari % 0.46 /0,46
. small foreign bodies / corpuri strdine mici % 22122
. light foreign bodies / corpuri strdine ugoare % 0.21/0,21
Technological effect at a single passage / Efectul tehnologic la o singura
trecere
- big foreign bodies eliminated / corpuri strdine mari eliminate % 98.5/98,5
3. - small foreign bodies eliminated / corpuri stréine mici eliminate % 91.36 /91,36
- light foreign bodies corpuri eliminated / corpuri stréine ugoare eliminate % 95.2/95,2
- coeff.of good seeds losses as subproducts / coef.de pierderi seminte bune Tn
subproduse % 0.53/0,53
4 rl?g(qjliilﬁelgiair flow for module functioning / Debit de aer necesar functionarii mémin 100, 125, 150
Power used by the intensive suction separator / Puterea absorbita de
5 separatorul aspirator intensiv kw 0.85/0,85
6. Power used by stones separator / Puterea absorbitd de separatorul de pietre kw 0.38/0,38
7. Power used by ventilator / Puterea absorbita de ventilator kw 7.12/7,12
8. Power used by the sluice / Puterea absorbita de ecluza kw 0.72/0,72
9. Total power absorbed / Puterea totald absorbita kw 9.7/9,07
10, Total §Qecific electricity consumption / Consumul total specific de energie KWhit 0.905 /0,905
electrica
Table 3/ Tabelul 3
Qualitative indexes of processed product / Indicii calitativi ai produsului prelucrat
Parameter’s value /
Den. no./ Characteristic / Caracteristica M.U./ Valoarea parametrului
Nr. crt. U.M. Module entrance / Module exit /
Intrare in modul lesire din modul
1. Humidity / Umiditatea % 13 13,5
Physical purity by components: / Puritatea fizicd pe componente:
5 - big foreign bodies / corpuri stréine mari % 0.46 /0,46 0.02/0,02
' - small foreign bodies / corpuri straine mici % 22122 0.19/0,19
- light foreign bodies / corpuri stréine ugoare % 0.21/0,21 0.01/0,01
3. Hectolitre mass / Masa hectolitrica Kg/hl 71.73/71,73 71.93/71,93

In order to determine the optimum working regime of

cereals primary processing module MPPC-0 tests for
different product feed rates have been performed (1000;
1500 and 2000 kg/h), consequently modifyig the following
parameters:
suction flow rate for the following values :100, 125, 150
m>/min;
tilting angle of working surface for the following values:
5°,7,5° si 10°%
amplitude of oscillations for the following values: 1,5
mm; 2,0 mm; 2,5 mm;
Frequency of oscillations remained steady, respectively
960 osc/min. According to experimental data, the variation
of technological effect of module of cereal primary
processing MPPC-0 including the tilting angle of working
surfaces a and amplitude of working surfaces A are shown
in figures 4 and 5.
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Pentru determinarea regimului optim de lucru al

Modulului de prelucrare primara a cerealelor MPPC-0 s-au
efectuat incercari pentru diferite debite de alimentare cu
produs (1000; 1500 si 2000 kg/h), modificand corespunzator
urmatorii parametri:
debitul de aspiratie la urmatoarele valori :6000, 7500,
9000 m*h;
unghiul de inclinare al suprafetei de lucru , pentru
urmatoarele valori : 5°, 7,5° si 10°;
amplitudinea oscilatiilor la urmatoarele valori: 1,5 mm;
2,0mm; 2,5 mm;
Frecventa oscilatiilor s-a pastrat constanta, respectiv
960 osc/min. In conformitate cu datele experimentale,
variatia efectului tehnologic a modulului de prelucrare
primara a cerealelor MPPC-0 cu unghiul de inclinare al
suprafetelor de lucru a si cu amplitudinea suprafetelor de
lucru A este aratata in figurile 4 si 5.
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m%h and tilting angle of working surfaces a=5; 7, 5; 10° / Variatia efectului tehnologic cu amplitudinea suprafetei de lucru A la: Q;=2000
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CONCLUSIONS

Following the analysis of experimental data obtained the

following aspects have to be mentioned:

by increasing the air flow rate from 100 up t0150 m*/min
the technical separating installations performances
are enhanced, due to a better product layer structure
achieved depending on the specific mass of particles;
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CONCLUZII

Din analiza datelor experimentale obtinute au rezultat

urmatoarele aspecte:

prin marirea debitului de aer de la 100 la 150 m¥min
performantele echipamentelor tehnice de separare
cresc, datorita faptului ca se realizeaza o stratificare mai
buna a produsului in functie de masa specifica a particulelor;
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- by enlarging the tilting angle of the working suface
from 5 to 10° the wheat quantity eliminated through
the joint of impurities is reduced. We must mention
that by increasig the tilting angle over 10° the
technical separating equipment have diminished their
performances;

- the oscillations amplitude influence upon the working
regime, establishing as optimum values 2 and 2.5 mm;

- the technological effect resulted at a single passage of
the product was of 98.5% for big foreign bodies
eliminated, 91.36% for small foreign bodies eliminated,
95.2% for light foreign bodies eliminated.

The results of experiments at which the module of
cereals primary processing MPPC-0 was subjected have
confirmed the opprtunity of the constructive solutions
chosen and the endowing level of technical separating
equipment, which allowed to manufacture an efficient
functionally module, with performances of processing
technology similar to world level performances and
reduced specific energy consumption, diminished costs of
maintenance and exploitation per ton of processed
product.

Thus,It can be concluded that the module for primary
processing of cereals MPPC-0 and implicitely the
relevant technology have entirely met the requirements
related to impurities separation out of cereal matter in
compliance with the norms of labour protection, operators
health and environment protection, having a working
capacity suitable to agricultural farms grainstores, seeds
conditioning centres as well as technological flows in
milling centres.
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- prin cresterea unghiului de inclinare a suprafetei de
lucru de la 5 la 10° se reduce cantitatea de grau
eliminata prin racordul impuritatilor. De mentionat ca
marind unghiul de Tnclinare peste 10° s-a constatat o
inrautatire a performantelor echipamentelor tehnice de
separare;

- amplitudinea oscilatiilor influenteazé regimul de lucru,
stabilindu-se ca valori optime 2 si 2,5 mm;

- efectul tehnologic rezultat la o singura trecere a
produsului a fost de 98,5% pentru corpuri straine
mari eliminate, 91,36% pentru corpuri straine mici
eliminate, 95,2% pentru corpuri straine usoare eliminate.

Rezultatele experimentarilor la care a fost supus modulul
de prelucrare primara a cerealelor MPPC-0 au confirmat
oportunitatea solutiilor constructive alese si gradul de
echipare tehnologica al echipamentelor tehnice de separare,
conditii ce au permis realizarea unui modul functional eficient,
cu performante ale echipamentelor tehnice specifice
tehnologiei de prelucrare primara a cerealelor la nivelul
celor de pe plan mondial, asigurand cu precadere o
reducere a consumurilor specifice energetice, de intretinere
si exploatare pe tona de produs prelucrat.

Se poate afirma deci ca modulul de prelucrare primara a
cerealelor MPPC-0 si implicit tehnologia de prelucrare
primara a cerealelor satisfac in totalitate cerintele referitoare
la calitatea separarii impuritatilor din masa de cereale cu
respectarea normelor de protectie a muncii, a sanatatii
operatorilor si protectia mediului, avand o capacitate de
lucru corespunzatoare depozitelor din fermele agricole,
statiilor de conditionat seminte de cereale precum si
fluxurilor tehnologice din unitatile de morarit.
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ENERGY EFFICIENCY OF AGRICULTURAL TRANSPORT MACHINES
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EHEPTMAHA EQEKTUBHOCT HA TPAHCMNOPTHU U 3EMELEJICKU MALUMHU
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Abstract: Decrease of fuel consumption in transport
and agricultural machines is analysed in the paper.
The problems of energy efficiency are outlined.
Methods for measuring fuel consumption are
examined. It is proved that direct methods must be
used by implementing relevant sensors. Possible
schemes of connection of sensors and problems, which
may be solved through the achived data are examined.
Flow-meter type RTG-2 as a sensor for measuring the
consumption is suggested.

Keywords: energy efficiency, fuel consumption, sensors

INTRODUCTION
Necessity, problems and validity

During the last years the humanity has become an
exceptionally great consumer of different kinds of energy.
It is necessary that each aggregate should use less
energy per unit done work at each activity. This main
requirement for the design and use of modern machines
is connected mainly with the necessity of decrease of
consumption, conservation of the environment and
keeping for longer period of time the limited energy
resources on the Earth.

In the field of agricultural and transport technique the
liquid fuels are main source of energy. That is why the
decrease of liquid fuel consumption is main problem
during production and using of mobile self — moving
machines. During the last years the prices of the liquid
fuels increased considerably and the expenses for
different kinds of activities have already become a
considerable part of common expenses as a results of the
increased consumption of liquid fuels and of the
continuous decrease of the natural reserves of petroleum.
That is why more and more producers of agricultural and
transport vehicles and companies that use them try to find
possibilities for the decrease of the liquid fuel consumption.

At this stage the determination of the exhausted fuel-
quantity of agricultural and transport machines is made
according to different methods, confirmed by relevant
offices. In European Union directive for determination of
the norms for liquid fuel consumption of the vehicles is
included.

Considering the inaccuracies in using the existing
methods for the determination of the liquid fuel
consumption of different mobile machines, improvement
of these methods have been sought. In spite of the wide
variety of methods and documents with consumption norms
of different kind of mobile self — moving machines, the
actual exhausted fuel has not been able to be determined
exactly. Conditions of subjectivism are created and
problems of energy efficiency have not been solved [5].
This approach has run out of its possibilities and now
other ways are in search for the determination of real
exhausted fuel from agricultural and transport machines.

The problem with energy efficiency is crucial now. It is
necessary to determine the exhausted fuel with the
purpose of its decrease. This problem may be solved only
through its direct measuring.
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Pe3srome: V3ebplueHo e obocHogasaHe Ha Heobxodu mocmma
om HamarisieaHe pa3xo0a Ha eopugo 8 mpaHC nopmHama
u 3emedesicka mexHuKa. AHanusupaHu ca rpobrnemume Ha
eHepauliHama eghekmusHocm u ce paarnexdam memooume
3a u3MepeaHe Ha pa3xola Ha eopuso. YcmaHOo8eHO e, 4ye
mpsibea Oa ce u3rio3eam OUPEKMHU Memoou Ype3 U3rosideaHe
Ha cbomeemHU Mbp8UYHU ripeobpasysamenu. PasenedaHu
ca 8b3MOXHUME CXeMU Ha C8bp38aHe Ha MbpeudyHUmMe
npeobpasysamenu u npobnemume, Koumo moz2am Oa ce
pewam upe3 daHHUMe rosy4YeHU om msix.

Knroyoeu dymu: eHepauliHa eghekmusHocm, pa3xod Ha
20puso, MbPBUYHU Npeobpasosamenu

BbBEOEHUE
Heob6xoammocT, npo6nemu n o60cHOBKa

Mpe3 nocneaHuTe roayHM YOBEYECTBOTO CTaHa USKIOUUTENHO
rofisiM noTpeduTen Ha pasnnMyHK BUaoBe eHeprust. Heobxoammo e
BCEKM arperaT 1 Npu Bcsika AeNHOCT Aa ce upasxogsa no-
Manko eHeprus 3a eguHuua M3BbplueHa paboTa. Tosa
OCHOBHO W3MCKBAHE MpWU MPOEKTUpaHe U U3non3BaHe Ha
CbBPEMEHHUTE MalMHW € CBbp3aHO nNpeauMHO C
HeoOX0AUMOCTTa OT HamansiBaHe Ha pa3xoauTe, onasBaHe Ha
oKonHaTa cpeda M 3anasBaHe 3a Mo-ObMblr nepuog oT
BpEME Ha OrpaHUYeHuUTEe eHEPruiiHN PECYPCH Ha 3emsaTa.

B obracTTa Ha 3eMeernickaTta 1 TpaHCNopTHaTa TEXHVKA OCHOBEH
M3TOYHVK Ha EHEPIVIsi ca TeuHuTe ropuea. ETo 3aLo HamarnsiBaHeTo
Ha pasxoa Ha Te4HV Fopu1Ba € OCHOBHA 33[a4a NPy MPOM3BOACTBOTO U
M3MOM3BaHETO Ha MOOWITHMA camoxoaoHM MalmHuv. [pes nocriegHiTe
FOOVHY LIEHATE HA TEYHWUTE rOpuBa Ce MOBMLLMXA 3HAYUTENHO M
pasxoguTe 3a pasnuuHUTE BWOOBE [OEWHOCTU Beye
npeacTaBnsaBaT 3HAYMTENHA YaCT OT OOLLUWTE pasxoau B pesyrTar
Ha YBENMMYEHOTO nOTpebrneHne Ha TeYHu ropuBa  Ha
HEMpeKbCHATOTO HaMansiBaHe Ha MPMPOAHWUTE 3anack OT HedoT.
ETo 3aLL0 npe3 nocneaH1Te roayHn Bce no-BeYe NponssoauTeni
Ha 3eMedernckyM M TPaHCMopPTHM cpeactBa M OUPMK, KOUTO
M3ron3eaT Tean MalMHM TbPCAT Bb3MOXHOCTU 3@ HaMarnsiBaHe
Ha pasxoa Ha TEYHW ropuBa.

Ha 1031 eTan onpeaensHETO Ha 13Pa3xoaBaHOTO KONMYECTBO
TOpPVBO Ha 3eMeOernCKUTE 1 TPAHCTOPTHU CPeaCcTBa Ce M3BbpLLBA
Mo pa3nnyHM METOOVKN, YTBBPAEHW OT CLOTBETHUTE BEAOMCTBA.
B EBponevickusi cblo3 € BbBefeHa cboTBeTHa [upekTuea 3a
onpedensiHe Ha HOPMWUTE 3a Pas3Xxod Ha TeYHWM ropvea OT
TpaHCNOpPTHMTE cpeacTBa.

OrunTalikn HETOHHOCTUTE MPY U3MON3BaHe Ha ChLLECTBYBALLINTE
METOIMIK/ 33 ONpeernisHe Ha pasxoda Ha TeYHU TopVBa Ha pasriMHUTE
BUAOBE MODMIHM MalLUHW, Npe3 NocreaHUTe roauHN ce TbPCAT
MbTVLLA 3a TAXHOTO YCbBLPLLEHCTBaHE. HesaBmcmo OT ronsMoto
pasHoobpasve OT METOOMKA 1 JOKYMEHTU 3@ Pa3Xx0dHW HOPMU 3a
pasnuyHNTE BMOOBE MOOWTHW CaMOXOAHW MalUMHW, BCUYKA Te
[Jarned He OTpassiBaT JoCTarbyHO TOMHO OEVICTBUATENHOTO M3pa3X0aBaHo
ropvBO, Cb30aBaT YCrioBust 32 CYOEKTUBM3LM U He crioMaraT 3a
peLuLaBaHe Ha npobremuTe Ha eHepiHaTa edeKTMBHOCT [5]. Toan
NoOXO4 € usdeprian CBOMTE BL3VMOXHOCTU U BeYe Ce ThPCAT APy
MbTVLLA 33 onpenensiHe Ha OEeNCTBUATENHOTO 13pa3xoaBaHo ropyBo
OT 3eMeferCKUTE 1 TPaHCTMIOPTHUTE CPeacTBa.

MpobrieMbT ¢ eHepMiiHaTa ePEKTMBHOCT Ce MOCTaBs 0COOEHO
OCTPO U 3a 3eMeIernck1Te 1 TPaHCTIOPTHU cpeacTsa. HeobxomvMo e
TOYHOTO OMpedersHe Ha M3Pa3xodBaHOTO MOPYBO C LIEN HEMOBOTO
HamansiBaHe. PeluaBaHeTo Ha npobnema Moxe Ja ce MocTurHe

A0CTarb4HO TOMHO €AMHCTBEHO HYPE3 HEMOCPEACTBEHOTO My M3MepBaHe.
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Essence of the problems of energy efficiency in

agricultural and transport machines
The decrease of the liquid fuel consumption on this

stage for Bulgaria is connected to solving the following

main problems:

= limitation to minimum of out — of — control fuel
diversion;

= optimal management of the work regimes of the
machines and their aggregates, ensuring a decrease
of the exhausted fuel of engine per work unit;

= continuous assessment of the technical condition of
the machines and of their aggregates with the
purpose of the maintenance of optimal regulation and
accomplishing of timely repairs, ensuring the smallest
fuel consumption;

= optimal management of technological, organizational
and management processes for accomplishing
agricultural and transport activities,influencing directly
or indirectly on the fuel consumption (selection of
agricultural and transport machine, depending on the
kind of operation, selection of the load and of the
route, movement organization, travelling infrastructure);

= training the drivers and the leader with the purpose of
decreasing the influence of subjective factor on
transport vehicles energy efficiency.

MATERIAL AND METHODS
Essence of decision. Methods

For measuring the fuel consumption, which is one of
the basic indexes for optimal management direct and
indirect methods may be used.

On this stage the indirect methods are used in most
cases. According to the fuel consumption these systems
have informational character in more cases and give
possibility mainly for quality assessment of economical
indexes.

Evaluating these problems during the last years the
leading companies in the area of agricultural and transport
machines try to find a way of directly measuring the fuel
consumption by building-in different kinds of sensors for
fuel consumption.

The problems of indirect methods are connected with
the accuracy. They are based on indirect indexes, which
with insignificant changes in the technical state of the
elements of the feeding system, may exercise a
considerable influence on the error of measuring the fuel
quality [7].

That is why the using of indirect methods may be
considered only as temporary decision while the problems
with using direct methods are solved.

The problems of direct methods are connected with:

- the availability of suitable cheap and exact sensors;

- the selection of the connected scheme for the
sensors in engine feeding system;

- the reliability and the resources of sensors.

On this stage of assessment of fuel economy of
agricultural and transport machines piston membrane,
turbine and oval sensors find wide application.

The piston and membrane sensors have high
accuracy, but they are more expensive and have smaller
recources and reliability than the turbine and oval
sensors. The turbine and oval sensors are cheaper and
have bigger resources and reliability, but they cause
considerably greater error. Indicated problems prevent the
large scale building of the flow — meter.

It is necessary that the building of the sensors for fuel
consumption in the feeding system not change the
characteristics of the feed, which may change the engine
indexes. It is desirable that the building elements do not
complicate and do not make more expensive the building.
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CbLWHOCT Ha npoGnemMuTe Ha eHepruHata edek-

TUBHOCT B 3eMeAeNICKATEe U TPAHCMOPTHU MaLUMHU
HamansiBaHeTo Ha pasxofda Ha TeYHW ropuBa Ha TO3U

etan 3a P.Bbnrapusa e cBbp3aHO NpeauMHO C peluaBaHeTo

Ha cnegHWTE OCHOBHM Npobnemu:

=  OrpaHMyaBaHe [0 MWHVMMYM Ha HEKOHTPONMPaHOTO
OTKIIOHSIBaHe Ha ropuea;

= OMMMarHo YrpaBneHvie Ha pexvmnTe Ha paboTa Ha MaLLMHVTE
W Ha TeXHMTE apera, OOAYPSBAlLO HamansBaHe Ha
M3pa3XodBaHOTO OT  ABWraTenst ropvMBO 3a efuHuua
nsBbpLLIEHa paboTa;

*  HenpeKkbCHaTa OLeHKa Ha TeXHUYECKOTO CbCTOSIHWE Ha
MaluvHaTa M Ha HerMHUTe arperatu C Len noadbpxaHe Ha
OMUMArHA PEryrMpoBKA U U3BLPLLUBAHE HA CBOEBPEMEHHU
PEMOHTU, C Ha-Manbk pasxof Ha ropueo;

= ONTMMarHo YrpaBfieHWe Ha TEXHOMOrMYHUTE, opra-
HU3aLMOHHN U YNPABMEHCKN MPOLIECU MPU W3BbPLUBAHE
Ha 3eMeernCku U TPAHCMOPTHW AEAHOCTM, KOUTO MPSIKO v
KOCBEHO BMMSIIT BbpXy pasxoda Ha ropuea (u3bop Ha
3emeqericka WM TpaHcrnopTHa MallvHa B 3aBWCMMOCT OT
BUOA Ha onepauusTa, Ha ToBapa M Ha MapLupyTa,
opraH13auvsiTa Ha ABMXKEHUETO, MbTHA MHPPACTPYKTYPa;

= oby4yeHve Ha BOAAuUMTE M Ha pPbKOBOAUTENUTE C Len
HamansiBaHe BMWSIHUETO Ha CyGEKTUBHUS chakTop BbpXY
eHeprmiiHaTa edpeKTMBHOCT Ha TPAHCMOPTHOTO CPEACTEO.

METOOoOnorusa
CbLHOCT Ha pelweHueTo. MeTtoauku

3a n3vepBaHe pas3xoda Ha ropuso, KOMTO € eduH OT
OCHOBHWTE NokasaTenu 3a ONTMMAarnHo ynpasneHue morat
a ce u3nonseart Npeku 1 KOCBEHU METOAMU.

Ha TO03# eTan Hal-4yecTo ce W3Mon3BaT KOCBEHUTE
metogu. [lo oOTHOWweHue Ha pasxoda Ha ropuBO Te3u
cUCTEMM B MOBEYETO cfyyYyau wMaT MHopmaLmoHeH
XapakTep 1 AaBaT Bb3MOXHOCT NPEAUMMHO 3a kayecTBeHa
OLEeHKa Ha NKOHOMWYECKUTE noKasaTernu.

OueHsaBankn Te3n npobnemu npes nocrnegHUTEe roguHn
Bofjewute dupmm B obnactta Ha 3emegenckata wu
TPaAHCMOPTHA TEXHWKA TbPCAT MNbTUWLA W 332 MpsSIKO
n3MepBaHe Ha pasxoda Ha ropuBO 4pe3 BrpaxpaHe Ha
pasnuuyHM BUAOBE MbpBUYHM NpeobpasyBaTenu 3a pasxon
Ha ropueo.

MpobnemnTe Ha KOCBEHWTE METOAMN Ca CBbP3aHN BCUYKO
C To4HOCTTa. Te ce 6a3upaT Ha KOCBEHM MokasaTenu, KoUTo npu
HE3HaYNTENHW NMPOMEHN B TEXHWHYECKOTO CbCTOSHUE Ha enemMeHT1Te
Ha XpaHUTEnHaTa Cc1cTeMa MoraT [a OKaXKaT 3HAYMTENHO BrvsHVE
BbPXY rpeLukaTa Ha M3MepBaHOTO KONMYECTBO ropmeo [7].

ETo 3aL10 13non3BaHeTo Ha KOCBEHUTE MEeTOAM MOXe Aa
ce pasrnexga caMo KaTo BPEMEHHO peLLEHWe [J0KaTo ce
peLuat npobnemuTe C U3NoN3BaHETo Ha ANPEKTHUTE TakuBa.

MpobnemuTe Ha NpeknTe METOAN Ca CBbP3aHM C:

- HanuuMeTo Ha NOAXOAAM €BTUHU U TOYHWU MbPBUYHU
npeobpa3sysaTtenu;

- n3bopa Ha cxema 3a CBbP3BAHETO UM B XpaHWUTENHa-
Ta cucTema Ha aBuraTtens;

- HapexXgHoCTTa M pecypca Ha Mbpy4HWTE NpecbpasysaTenu.

Ha Toa/ eTan 3a oLeHKa Ha ropvBHATa VKOHOMIVMHOCT Ha 3eMEAENaUTE
W TPaHCTIOPTHUTE CPECTBA LLMPOKO MPUIIOEHME HaMMPaT GyTarnHi,
MEMOPaHH, TyPOUHHY 11 OBaINHW MbpBUYH Npeobpasysaterm (M11).

ByTtanHute 1 membpaHHuTe NpeobpalyBaTenu nMar BMCOKa
TOYHOCT, HO Ca MO-CKbM U UMAT NO-MalTbK PECYPC U HaOEXOHOCT
OT TYpOUHHMTE 1 oBanHuTe. TypbuHHUTE 1 OBanHWTE ca no-
€BTUHM, UMaT MO-TOMNsIM PEecypC U HaAeXOHOCT, HO MMaT
3HaUUTENHO no-forsiva  rpewka. [ocoyeHute  npobremu
Bb3NpensaTcTaBaT MacoBOTO BrpaxaaHe Ha pasxogomepu
3a TeYHU ropuea.

Mpwn BrpaxxdaHe Ha M 33 pas3xoa Ha ropyBO B XpaHUTENHaTa
Q/CTeVa Ha JRAIETEN 1 € HeoOXQOVIVIO TOBa 1A HE MPOMIEHHA XapeKTEpVICTVIATE
Ha ropuBOMNoAAaBaHETO, KOUTO MoraT [a NPOMEHSIT MoKasaTenuTe
Ha asuratensi. XXenaTtenHo e eneMeHTUTe Ha BrpaxaaHeTo Ja
HE YCIOXHSABAT M He OCKbMSBAT CamMOTO BrpakaaHe.
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At a scheme with a sensor, the problems are
connected with the manner and the place of feeding away of
redundant fuel, with ensuring the necessary temperature
of the fuel and with the deaerating the system.

At using a sensor the returned fuel from engine feeds
another sensor. In this case the error is minimum, it does
not depends on work engine regime and it is equal to the
Sensor error.

The team of specialists in the area of transport and
agricultural machines work in the education and research
laboratory of transport vehicles of the University of Ruse.
This team has a considerable experience over elaborating
and building of the devices for measuring the fuel
consumption [11]. The flow-meter RTG-2 is elaborated
(fig. 2), to be used for periodical measuring and for long
building in agricultural and transport machines (fig. 1).
Possible schemes for building are created with the
purpose of not changing the characteristics of fuel feed.
As a result of that, this type of flow-meters is used in
practice for measuring the consumption of agricultural and
transport machines. The results of their using confirm the
made above conclusion for application of the direct
methods for assessment of the fuel consumption.

The direct measuring of the fuel consumption with
sensors with acceptable price and with practice accuracy
and reliability is in conformity with the tendencies in other
spheres of the economics and the society, where
analogous approaches are found in mass application. If
the sensor is used, its data may be used simultaneously
for:

- reading the summary fuel quantity exhausted for
accomplishing a definite volume of work or for definite
period of time [5];

- creating conditions for optimal management of the
engine, of the transmission and of other aggregates
with the purpose of decreasing the fuel consumption
for unit accomplishing work [2,3,4];

- on the base of the fuel consumption methods for
assessment of the technical state of separate
aggregates and/or of the machine may be used with
the purpose that preventive gauges be taken for carrying
out in normal technical state or factory regulation;

- elaborating the system for investigation on the base
of which assessment for subjective influence of the
driver over the quality management of the machine and
for reached level of energy efficiency may be made.

INMATEH - ? s 1

Mpu cxema c MMM ocHoBHWUTE Npobnemun ca CBbP3aHU C
HayvHa U MACTOTO Ha OTBEXAaHe Ha WU3MULLIHOTO FopuBO,
ocvrypseaHe (nogabpkaHe) Ha Heobxoaymarta TemnepaTypa Ha
ropuBoTo U 06e3Bb3gyllaBaHETo Ha cucTemara.

Mpu mnsnonssaHeto Ha [l BpbLWaHOTO OT ABuraTens
ropuBo ce nogaea creq MbpBUYHUS npeobpasysarten. B
TO31 CNyyan rpeLlkata € MUHUMarHa, He 3aB1cK OT peXxuMa Ha
paboTa Ha ABuratens 1 e paBHa Ha rpetukaTa Ha [I1.

B O6pasoBatenHarta 1 mnacrieqoBatencka nabopatopust Mo
TpaHCNopTHU cpeacTea Ha PyceHckns yHvBepcuteT “A. KbHues”
paboTun KOMNEeKTVB OT creLyanucT B obnacTTa Ha 3eMegerckara
W TpaHCMopTHa TEeXHWKa W € HaTpyrnana 3HaJuTeneH OnuT Mo
pa3paboTBaHETO U BrPpaXXOaHETO Ha CPeAcTBa 3a M3MmepBaHe
pa3xoga Ha ropueo [11]. PaspaboTeH e pa3xogomep 3a TeYHU
ropea PTI-2 (cwur. 2), KOWTO ce u3nonssa 3a nepuoanyHo
M3MepBaHe 1 3a NPOOBLIMKATENHO BrpaXdaHe B 3emenericki v
TPaHCMOPTHW MaLLMHK (cpur. 1). OTpaboTeHM ca 1 Bb3MOXHU CXEMU
3a BrpakgaHe C Len Aa He ce NPOMEHST XapaKTepUCTUKMTE Ha
ropvieonogasaHeTo. B pesynrtat Ha ToBa TO31 TUM pasxoaoMepu
Cce 13Mon3BarT B NpaKTukaTa 3a U3MepBaHe pa3xoaa Ha ropyeo Ha
3eMeIeNnCk M TPaHCTIOPTHU MaLLMHW. PesyrraTvte OT M3roraBaHeTo
UM MOTBBLPKAABAT HarnpaBeHUTe Mo-fope U3BOOM 3a NpuraraHeTo
Ha OVPEKTHATE METOAM 3a OLieHKa Ha pa3xoa Ha ropyBeo.

HenocpeacTBeHOTO u3MepBaHe Ha pasxoda Ha ropuBO C
MbpPBUYHM NpeobpasyBaTeny ¢ NpYeMnnBa LieHa 1 AocTaTbyHa
3a MpakTukata TOYHOCT WM HafEeXOHOCT € B CbOTBETCTBME C
TeHAeHUMNTE 1 B ApYrn cdepy Ha UKOHOMMKaTa 1 OOLLECTBOTO,
KbETO aHaroMyH1 Moaxoau ca HaMepunvi MacoBO MPUIOXKEHME.
Axo unanonssame [l 3a pa3xon, AaHHWTE OT HEro Morat Ja ce
13ronssaT e4HOBPEMEHHO 3a:

- OTuJTaHe Ha CyMapHOTO KONMYECTBO FOPUBO, M3PasxodBaHoO
3a u3BbpLUBaHE Ha onpefeneH obem pabota wnu 3a
onpeaeneH nepuog ot Bpeme [5];

- Cb3gaBaHe Ha yCrnoBus 3a ONTMMarHo ynpasneHue Ha
OBuraTtensi, Ha TpaHCMUCUSATA U Ha Opyrv arperatu c
uen HamansiBaHe pasxofa Ha ropvMBO 3a efuHuLua
u3BbpLUeHa paboTa [2,3,4];

- Ha 6Gasata Ha pasxofa Ha ropvBoO MoraT Ja ce M3ronasar
METOAVMKN 33 OLEHKa Ha TEXHWYECKOTO CbCTOsHUE Ha
OTAErNHM arperatm Uvnu Ha MalumMHaTa KaTo L|no ¢ Len ga
ce B3emaT MPEBaHTUBHM MEpKV 3a MPUBEXOAHETO UM B
HOPMAITHO TEXHUHECKO CLCTOSIHVE WU 38BOACKA PETYTMPOBKY;

- pa3paboTBaHe Ha CUCTEMM 3a peXxUMOMETpYpaHe, Ha 6asara
Ha KOWTO MoraT ia Ce MPaBSAT OLIEHKM 33 CyDEKTUBHOTO BIUSIHUE
Ha BoZJaya BbPXy KA4YECTBEHOTO YNpaBrneHWe Ha MaluuHaTa v
NOCTUMHATOTO B PE3yITTAT HA TOBA HVBO Ha EHEPIIAHA €CDEKTVBHOCT.
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Fig. 2 — Illlustration of a flow-meter type RTG2 and of a sample location for inbuilding it in the fuel-feeding system of the engine /
Obw; 8ud Ha pazxodomep mun PTI2 u Ha npuMepHO MSCMO Ha 82paxdaHe 8 XxpaHumeriaHma cucmema Ha 0guzamersi
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In this way the driver may help and stimulate the
economical management of the machine.

The building of the flow-meters in self-moving
agricultural and transport machines, with which measuring
of the exhausted fuel quantity is accomplished, creates
practically exceptional favourable conditions for optimal
management and improvement of the energy efficiency.

RESULTS
Analysis of the problems of energy efficiency

The possibilities for decreasing the flow fuel
consumption are considerable [1,2,3,4,5,10].

Out — of — control fuel diversion may lead to increase
the fuel consumption from 15-20% to 40-50%. This is
observed practically in over 90% of the cases of
accomplishing investigation of concrete objects in
Educational and Research Laboratory on transport
vehicles at University of Ruse. In series of cases this out —
of - control fuel consumption passes over 100%.

Optimal management of the work regimes of the
machines and of the separate aggregates may lead to
considerable decrease of flow fuel consumption [4,5,7.9].
For example, if the machines is operated thus, that the
engine works at minimum specific fuel consumption or
near by this regime, the fuel consumption per unit done
work may decrease to 25-30%. Universal economic
characteristics of two internal combustion engines are
shown on fig.1. It is seen, that depending on the load and
on the frequency working regime of the engine, the specific
fuel consumption is varied in very wide boundaries.

In real conditions minimum fuel consumption at
concrete working conditions may read with control of the
rotation frequency of the engine and selection of the
number of switched gear. It is possible that the fuel
consumption be increased by 1.5-2 times as a result of an
irregular selection the number of the switched gear of the
machine, of the working regime of different aggregates
and of the subjective influence of the driver. Ensurance of
optimal working regimes is not possible without the
availability of systems for assesment of engine working
regime because the engine characteristics differ widely (fig.3).

The movement organization in the settlements may
exercise considerable influence on the fuel consumption.
It is established, that the variable work regimes,
connected with frequent setting and acceleration lead to a
fuel consumption, which is about 1.6-1.8 time greater than
this, received for uniform motion at analogous conditions.

nin;
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Mo To3W HauMH BOJAYbLT MOXe Aa ce rogromara M
CTUMyNvpa [a YrpaBrsisa MaLLMHaTa VKOHOMUYHO.

BrpakaaHeTo Ha pa3xo4oMepu 3a TeYHU ropmsa B MO-
BUNHWTE 3eMenenickM U TPaHCMOPTHU MalUMHU, C KOUTO
[a ce U3BbplUBA M3MepBaHe Ha U3pasxonBaHOTO KOMu-
YeCcTBO TOPUBO, Cb3faBa MNPaKTUYECKU W3KITIYUTENHO
GnaronpuATHM YCroBKsl 3a ONTUMANHOTO UM yrpasneHue
1 nopoGpsiBaHe Ha eHepruiHaTa UM eqOeKTUBHOCT.

PE3YNTATHU
AHanus Ha npo6nemuTe Ha eHepruMHaTa e)eKTMBHOCT

Bb3mMoXHOCTUTE Ha HaMansiBaHe Ha pasxoja Ha
TeYHU ropmea e 3HaunteneH [1,2,3,4,5,10].

HEeKOHTPONMMPaHOTO OTKIOHSIBAaHE HAa TEYHM FOpMBa MOXEe
[a foosefe 00 yBenuyaBaHe pasxoda Ha ropuea ot 15-20% go
40-50 %. Toa ce HabrntogaBa npaktudeckn B Hag 90% ot
crnyyauTe Ha ussbpLLeHuTe B OBpasoBaTenHara muscrneosarerncka
nabopatopust Mo TpaHCNIoPTHY CPEACTBA Ha PyceHcxus yHuBepeuTeT
u3crnenBaHus Ha KOHKpeTHU obektu. B peguvua cnydam Tesu
HEKOHTPONMpaHK pasxoam Ha ropvea HagmuHaeat 1 100%.

OnTvmanHo ynpaeneHne Ha pexumute Ha paboTta Ha
MalLMHaTa KaTo LSO M Ha OTAenHuTe W arperaty moxe da
JoBede 00 3HAUYMTENHO HamarsiBaHe Ha pasxoja Ha TeuyHu
ropvisa [4,5,7,9]. Taka Hanpymep, ako MalLumHaTa ce yrnpaenssa
Taka, Ye ABuraTensT ga paboTy Mpu MUHMMareH crneumdmyeH
pasxod Ha ropvBO MnM BrM3bLK OO TO3M PEXMM, MOXe Oa ce
Hamarv pa3xoda Ha ropyBo 3a eauHMLA M3BbpLIEHa paboTa o
25-30 %. Ha dwmr.1 ca nokasaHu yHVBEPCANHM WUKOHOMWUYECKM
XapaKTepUCTUKM Ha [OBa OBUraTefnil C BLbTPELUHO FopeHe OT
KbAETO Ce BWKOa, Ye B 3aBMCMMOCT OT TOBapPHWUS U YECTOTHUSA
pexuMm Ha pabota Ha gBuratenst CreuMUYHUST pasxod Ha
FOPMBO CE U3MEHSI B MHOTO LLMPOKW MPaHNLIN.

B peantm ycrosvst MuHAMANEH pasxar, Ha MOpUYBO Moy ONpeaerieHn
ycrnoBus Ha paboTa MoXe Ja ce NOCTUrHe Ype3 perynvpaHe
yecToTaTa Ha BbpTeHe Ha Auratens u nogbupaHe Homepa
Ha BKMOYEHaTa npedaBka. BcriegctBve Ha  HeMpaBMIHO
noabvpaHe Ha HOMepa Ha BKIKYeHaTa NpeJaBka Ha MalumHaTa,
Ha pexava Ha paboTa Ha pasuMyHATE arperatm M Ha
CyOEKTUBHOTO BIMSIHME Ha BOAaya € Bb3MOXHO pasxodbT Ha
ropBo ga ce yeenmum o 1,52 mbtn. OcurypsiBaHeTo Ha
onTUMarHn pexmMMn Ha pabota obade He e BbL3MOXHO Ge3
HanM4MeTo Ha CUCTEMM 3a OLEHKa pexuMa Ha paboTta Ha
aBuraTtens, Tbll KaTO XapaKTepuCTVKUTE Ha Osuratenure ce
paann4aBeaT CbLLECTBEHO eaHa ot Apyra (dwr.3).

OpraHu3auusita Ha [OBWKEHWE B HaceneHuTe Mmecta
CbLLO MOXE [a OKaXe 3Ha4YUTENHO BMMSIHWE BbPXY pasxoda
Ha ropmBa. YCTaHOBEHO €, Ye MPOMEHITUBUTE PEXUMMU Ha
paboTa, CBbp3aHW C 4YeCTU MOTEMNSHUS U YCKOPSIBAHUSI
BOASIT 4O pa3xoA Ha ropumeo, kowTo e okoro 1,6-1,8 nbTu no-
ronsiM OT TO3M, KOVTO Ce MoryYaBa 3a paBHOMEPHO ABWKEHNE
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Fig. 3— Universal economic characteristics of intemal-combustion engine / YHusepcariHu UKOHOMUMECKU XapakmepLCITIUKU Ha O8Ui2ameriu C 8bIMPELUHO 20peHer

It is seen from equation (1) and from implemented investigation
[10] the variable work regimes and intensity of
acceleration lead to a considerable increase of the fuel
consumption.

Q = geG(fcosa * sina + kSVZ/G + &, dV/dt) / (oV10),
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npv aHanornyHu ycnoeus. Kakto ce Bukaa OT 3aBUCUMOCTTa
(1) n ot npoepenuTe B [10] M3cneagBaHWA NPOMEHNMBUTE
paboTHN pPEeXVMM W MHTEH3MBHOCTTA Ha YCKOPSIBAaHETO
BOAAT 40 3HAYUTENHO yBENMyaBaHe pasxoda Ha ropumso.

)
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where Q is fuel consumption in [/100km;

ge — specific fuel consumption of the engine g/kW.h;

G - weight force of the machine, kN;

f - coefficient of moving resistance;

a - incline angle;

0a - coefficient of conditional increase of the mass,
reading the influence of the rotation masses of the
engines, of the transmissions and of the wheels;

. gV/dt - acceleration of the machine at irregular motion,
m/s*;

V — travelling speed of the machine, km/h;

p — density of the fuel, kg/l;

k - coefficient of stream — lined, ki /m3;

S - frontal area of the machine, m*®.

If the machine moves on horizontal terrain and at low
travelling speed in settlement, it is accepted that the parts
of addends in bracket of equation (1), characterizing
inertia resistance, are comparable with moving resistance.
When the movement is on the road with concrete
encasement, depending on the terrain and type of
machine, may accept that coefficient of moving resistance
is varied from 0.012 to 0.06, and at nominal intensity of
accelerating the magnitude of dV/dt is in boundaries 0.1-
1.0 m/s?. This means, that at accelerating the necessary
power may increase considerably and will be 2 times
greater than at uniform motion. That is confirmed from the
implemented objective investigation for fuel consumption
in the process of setting off and accelerating with different
intensity [10]. From shown data in fig.4 for the car Reno
Clio 1.4 it is seen that the hourly fuel consumption for this
regime achieves to 10-14l/h at acceleration of 2.3,4 and 5
transmissions. For comparison at uniform motion the
hourly fuel consumption is varied from 2-3 to 6-8 I/h, and
at engine working at minimum rotation frequency at idle
running is about 0.7 I/h. That is why it is important to
create such a movement organization in settlement, in
order to achieve a movement at constant speed(at “green wave”).

INMATEH - ? s 1

KbaeTo Q e pa3xoabT Ha ropuso B [/100km;

Oe — CrieumdmHeH pa3xof, Ha ropveo Ha asuratens, g/kW.h;

G — cvna Ha TexecTTa Ha mawwmnHaTa, kN;

f — KoepnuMeHT Ha CBLNPOTUBEHME OT NPUOBMKBAHE;

¢ — BIbIT HA HAKITOHA;

0a — KOePUUMEHT Ha YCIOBHO YBENUYEHNe Ha Macara,
KOWTO OTYATa BIUSHUETO Ha BBLPTALWMTE CE€ Macu Ha
ABUraTensi, Ha TpaHCMUCKATa U Ha KonenaTa;

dv/dt — YCKOPEHME Ha MaluMHaTa npy HepaBHOMEPHO
ABWXeHne, m/s<;

V — CKOPOCT Ha ABwXeHne Ha MawwnHaTa,km/h;

p — NABTHOCT Ha ropuBoTo, kg/l;

k — koedunumneHT Ha o6TekaeMocT, kg/ms;

S — yenHa nnowy Ha MalumHaTa, m>.

AKO MalLMHaTa ce [ABWXM BbPXY XOPU3OHTamneH TepeH
W MPY HACKN CKOPOCTY Ha [BWKEHVE B HACENEeHN MECTa, MOXe Aa
Ce MpueMe, Ye YacTTa ot CebupaemiTe B aobara (1), xapakrepuavpallia
VHEPLIMOHHTO CBIPOTUBIIEHNE, € ChINOCTaBMMa ChC CHIPOTVBIIEHMETO
oT npuaswkeaHe. Korato OBWKEHWMETO € Bbpxy MbT C TBLPAO
NOKPUTVE B 3aBMCYIMOCT OT TEPEHA M TUMa Ha MalLiMHaTa Moxe Aa
ce nprieme, Ye Koe LIEHTLT Ha CBIMPOTURIMEHWE OT NPUABVKBAHE
ce namens ot 0,012 go 0,06, a npu HopMarHa MHTEH3VMBHOCT Ha
ycKQpsiBaHeTo roriemMuHata Ha dV/dt e B rpanHmumTe Ha 0,10-1,0
m/s®. ToBa 03Hauaea, ye npu ycKopsiBaHe HeobxogumMarta MoLLL-
HOCT MOXe @ HapaCTHe 3Ha4YUTENHO M [a CTaHe Had 2 MbTU No-
rorisiva oT Ta3u Mpy paBHOMEPHO ABvkeHVie. ToBa ce NoTBbLpKOaBa
W OT NpOBEAEHUTE LIENEBN EKCTIEPUMEHTAITHW M3cneaBaHus Ha
pasxofa Ha ropvBO B MPOLIEC HA MOTErSHE U YCKOpPsIBaHe C
pasnuyHa nHTeHavBHocT [10]. OT npueeaeHuTe Ha domr.4 gaHHU
3a nek astomobun PeHo Knno 1,4 i ce Bwkda, Ye 4acoBuSIT
pa3xod Ha ropvBo 3a To3u pexum goctura o 10-14 Ih npu
yckopsiBaHe Ha 2,34 u 5-Ta npepaskn. 3a cpaBHeHue npu
pPaBHOMEPHO OBWKEHME YACOBUAT Pa3xod Ha ropyBoO Ce U3MEHS!
ot 2-3 po 6-8 I/h, a npu pabota Ha aBuratens npy MUHUManHa
YecToTa Ha BbpTeHe Ha npaseH xop e okoro 0,7 /. ETo 3awo e
Ba)XHO [a Ce Cb3fafe TakaBa OpraHv3auusiTa Ha OB/KEHUE B
HacerneHuTe MeCTa, Ye [[a Ce peanmavpa [BWKEHVE Mpu
MOCTOSIHHA CKOPOCT (Npy «3erieHa BbiHay).

Fig. 4 — Alteration of the rotation frequency of the engine of the rate of movement of the car Reno Clio 1.4 and of the hourly fuel
consumption of the engine at accelerating and stopping / 3meHeHue Ha Yecmomama Ha 8bpmeHe Ha 08uzamerisi, Ha CKopocmma Ha
dsuxeHue Ha nek asmomobur PeHo Knuo 1,4 i u Ha yacoeusi pa3xo0 Ha 20pugo Ha dgu2amerisi NPU ycKopsieaHe U criupaHe

Uninterrupted assessment of the technical states of
the machine and its aggregates creates conditions for
preventive diagnostics and decrease of the fuel consumption.
The breaking control, the altered technical indexes of the
aggregates and their protection from greater damages and
the repairs expense lead to an increase of the fuel
consumption to 15-25%. Accounting this during the last
years in considerable part of agricultural and transport
vehicles systems for control, diagnosis, information and
optimal management have been built in.

Analogous data can be shown for remaining
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Hel'lpeK'bCHaTaTa OL€eHKa Ha TEXHUYECKOTO CbCTOAHUE Ha
MallMHaTa M Ha HEeHWTE arperatM Cb3gaBaT YCroBMS 3a
NpeBaHTVBHA AMArHOCTVKa M HamarnsiBaHe Ha pasxoauTe Ha
TEeYHM ropvBa. HapyLLeHUTe peryrivpoBkU, NPOMEHEHUTE TEXHNHECKN
rnokasatenu Ha arperatute M npegnasBaHeTo MM OT Mo-
rornieMu NnoBpean 1 pasxoam 3a PEMOHT, BOAAT A0 MoBULLIABaHe
Ha pasxoda Ha TeyHu ropmea Ao 15-25 %. OTumTanikv ToBa
npe3 MocreaH1TE roaMHU B 3HAUYMTESTHA YacT OT 3eMenernckuTe n
TPaHCTIOPHATE  CPEOCTBA Ce BIPaXKOaT CYACTEMM 3a KOHTPOT,
OVarHOCTVIKA, MHGOOPMALMS 1 OMTTUMAITHO YTpaBrieHve.

AHanomM4H1 [iaHHM MoraT [a ce MpuBedar M 3a ocTaHanuTe
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problems of energy efficiency of the machines.

It is seen, that many different factors exercise
influence on energy efficiency of the agricultural and
transport self-moving machines. Indicated examples
show that the possibilities for a decrease of the fuel
consumption are large and they must be used. In
conformity with this the program and possibilities for
solving of the different aspects of the energy efficiency
are suggested on national and European level.

CONCLUSIONS

1. The offered on the market and distributed in
practice systems for control of energy efficiency in
mobile machines are analysed. The main options have
been summarized as trends in the development and their
usage, too.

2. The analysis shows that regardless of the type, the
systems for control of the energy efficiency should be
based on the momentary fuel consumption, which
suggests its direct measurement.

3. The accomplished analysis gives ground for
further work according to the implementation of different
systems for control of the energy efficiency and for
appropriate theoretical, experimental and applied
researches to be carried out.
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npobnemun Ha eHepruHaTa ePEKTUBHOCT Ha MaLUMHUTE.
Bwkaa ce, Ye MHOMO 1 pasnnyHM akTopy OKasear BrmsiHe
Ha eHepriHaTa epeKTMBHOCT Ha 3eMederiCKATE 1 TPaHCTOPTHM
CaMoXo4HU MaluunHKu. MocoveHTe NpUMepu NokasearT, Ye
Bb3MOXHOCTMTE [a Ce HamanuM pasxodbT Ha TeuyHu
ropusa ca rornemu u Te Tpsabesa ga 6baaT manonasaHu. B
CbOTBETCTBME C TOBA HA HALUMOHANHO U €BPONENCKO H1Ba
ce npegnarart nporpaMu U Bb3MOXHOCTW 3a pellaBaHe Ha
pasnnyHNTE acnekTn Ha eHeprumHaTa ePeKTUBHOCT.

n3Boagu

1. AHanmavpaHn ca NpeyiaraHATe Ha nasapa 1 pasnpocTpaHeHn
B MpakTukata CUCTEMW 3a KOHTPON Ha eHeprumHarta
e(EeKTMBHOCT Ha MoOOWNHM MalwwmrHn., O606wWeHn ca
OCHOBHWTE Bb3MOXHW BapuaHTM KaTo TeHAeHUuun 3a
pa3BUTUETO N N3MON3BAHETO UM;

2. AHanuM3bT nokasBa, 4Ye He3aBUCMMO OT BUAA,
CUCTEMUTE 3a KOHTPOIT Ha eHeprurHaTta eeKkTUBHOCT €
Heobxoammo ga ce 6a3upaTt Ha MOMEHTHUS pas3xod Ha
ropmMBo, KOMTO Npeanonara AUPeKTHOTO My U3MeEPBaHE;
3. VI3BbpLUeHVaT aHanm3 JaBa OCHOBaHWe [da Ce MPOAbITKU
paboTaTa no peanu3mMpaHeTo Ha pasfMyHN BapuaHTu Ha
CUCTEMW 3@ KOHTPON Ha eHeprumHaTa egeKTUBHOCT ”
M3BBLPLUBAHETO HA HeobxoauMuTe 3a uUenTa TeopeTUyHM,
eKcrnepvMeHTanHu 1 NpUNoXHN nacneaBaHust.
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STUDIES AND RESEARCH ON ENERGY TRANSFER RATE FROM AGRICULTURAL
TRACTOR ENGINE

/

STUDII SI CERCETARI PRIVIND RATA DE TRANSFER ENERGETIC PENTRU TRACTOARE

Filip N., Simu I.G., Popescu G.L., lle H. V.
- Technical University Cluj Napoca -
Tel: 0264-401675; E-mail: Nicolae.Filip@arma.utcluj.ro

Abstract: In the paper are presented the theoretical
researches regarding the noise produced by the engine
and the capability to convert it into electricity and its
transfer rate. Starting from the probability theory and the
basics of acoustics, has developed a mathematical model,
to validate the conversion of sound into electrical energy,
initiating an experimental demonstration in laboratory
conditions.

Keywords: acoustics, energy, phonon, probability,
statistic
INTRODUCTION

Acoustic energy is a constant presence in elastic
medium. At the same time, almost all energy transformations
(thermodynamic, mechanical, etc..) are accompanied by an
acoustic event, which makes that a part of the energy
introduced in the system be dissipated under the form of
acoustic energy. Investigation of the phenomena underlying
the production and propagation of acoustic energy, derived
from the operation of internal combustion engines and the
development of models describing the similarities between
the effects: termodinamic — acoustic si electric, was the
subject of research carried out in the Noise Control
Laboratory to Technical University of Cluj - Napoca.

The specific objectives that marked the research
activity were:
- ldentify parameters that can be random variables in
the analysis of acoustic energy: being considered as an
initial stage of researches, which comprises the intrusive
analysis of acoustic energy propagation specific
phenomena, in order to identify the group of random
variables for exploring energy transformations that
represent final goal of research.

This objective has been quantified by the following

approaches:
- the analysis of specific models for the propagation of
acoustic energy, which comprises the comparative and
critical study for the models which describe acoustic
energy propagation, being identified and developed
trigonometric, complex and algebric models. The result of
this investigation is to promote the model based on the
fundamental phenomena of acoustic energy genesis, in
accordance with modeling techniques already known in
the literature. Thus, it was considered (in accordance with
quantic mecanics principles) the existence of
quasiparticles of phonon type, which is a primary element
in a tree approach, energy potential generator. Starting
with principles of ,quantic field theory” by Max Born and
Jordan Pascual (1920), which takes into account the
existence in the matter of a field of degrees of freedom
depending on the number of the harmonic oscillations
which characterize the atomic bounds of the elastic
medium, the actual models were analysed and has been
developed an own model, which makes the transition
toward analysis of probability of the possibility of existence
of free phonons in the elastic medium, thus leading to
identification of correlation areas (figure 1).
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Rezumat: In lucrare sunt prezentate cercetdrile teoretice
privind zgomotul produs de cétre motoare, posibilitatea
conversiei acestuia in energie electrica si rata de transfer
a acesteia. Plecand de la teoria probabilitatilor si bazele
acusticii, s-a dezvoltat un model matematic, pentru
validarea conversiei de zgomot in energie electrica,
initindu-se un experiment demonstrativ in conditii de
laborator.

Cuvinte cheie: acustic, energie, fonon, probabilitate,
statistic

INTRODUCERE

Energia acustica este o prezenta constanta in mediile
elastice. De asemenea aproape toate transformarile
energetice (termodinamice, mecanice, etc.) sunt insotite
de o manifestare acustica, fapt ce face ca o parte din
energia introdusa in sistem sa fie disipatd sub forma de
energie acustica. Investigarea fenomenelor care stau la baza
producerii si propagarii energiei acustice, provenita din functionarea
motoarelor cu ardere interna si dezvoltarea modelelor ce
descriu similitudini intre efectele: termodinamic — acustic
si electric, a reprezentat obiectivul cercetarilor derulate in
Laboratorul Controlul Poluarii Sonore de la Universitatea
Tehnica din Cluj — Napoca.

Obiectivele specifice care au jalonat cercetarea
propusa au fost:
- Identificarea parametrilor care pot constitui variabile
aleatoare n analiza energiei acustice: considerat find ca
etapa initiala de derulare a cercetarilor si care a constat din
analiza intrusiva a fenomenelor specifice care au loc la
propagarea energiei acustice, in scopul identificarii grupului de
variabile aleatoare permisive analizei transformarilor energetice
ce reprezinta scopul final al cercetarii.

Acest obiectiv a fost cuantificat prin urmatoarele
abordari:
- analiza modelelor specifice propagadrii energiei acustice;
care a constat din studiul critic comparat al modelelor ce
descriu propagarea energiei acustice, fiind identificate si
dezvoltate modelele de tip: trigonometric, modelul de tip
complex si modelul algebric. Rezultatul acestei investigari
il reprezinta promovarea modelului care are la baza
fenomenele fundamentale ale genezei energiei acustice Tn
concordanta cu tehnici de modelare deja cunoscute n
literatura de specialitate. Astfel, s-a luat Tn considerare (in
concordanta cu principille mecanicii cuantice) existenta
cvasiparticulelor de tip fonon care reprezinta intr-o
abordare arborescenta elementul primar, generator de
potential energetic. Pornind de la principiile enuntate in
.leoria campului cuantic’ dezvoltata de Max Born si
Jordan Pascual (1920), care ia in considerare existenta Tn
materie a unui cdmp de grade de libertate functie de
numarul oscilatiilor armonice ce caracterizeaza legaturile
atomice ale mediilor elastice, s-au analizat modelele
existente si s-a dezvoltat un model propriu care face
tranzitia spre analiza de probabilitate a posibilitatii
existentei fononilor liberi Tn medii elastice, analiza care a
condus la identificarea unor arii de corelatie (fig. 1).
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Fig. 1 - Dispersion domain probability contour-acoustic phonon /
Conturul de probabilitate al domeniului de dispersie — fonon acustic

MATERIAL AND METHOD

Analysis and identification of energetical nature
variables have represented the next activity developed
within studies and primary researches of energetical
variables that describe the acoustic energy propagation
being developed. One can mention that related to
classical models known in specialty literature, this
research has taken into account those models described
and explained through particles oscillation diagrams [1, 3,
5, 7]. Thus, descriptive energetical factors have been
analysed: acoustic impedance, density of acoustic energy,
correlated with basic physical parameters: wave intensity
and pressure (figure 2).

MATERIAL S| METODA

Analiza si identificarea variabilelor de naturad energetica,
a reprezentat activitatea urmatoare derulata in cadrul
cercetarilor, fiind dezvoltate studii si cercetari primare
privind variabilele de natura energetica ce descriu propagarea
energiei acustice. Se face mentiunea ca, fata de modelele
clasice cunoscute in literatura de specialitate, in cazul
cercetarii derulate s-au luat in considerare modelele
descrise si explicitate prin intermediul diagramelor de
oscilatie a particulelor [1, 3, 5, 7]. Astfel au fost analizate
ca si marimi energetice descriptibile: impedanta acustica,
densitatea de energie acusticd, in corelatie cu parametrii
fizici primari: intensitatea si presiunea undei (fig. 2).

30

Fig. 2 -The variation of acoustic impedance phonon (two degrees of freedom) /
Variata impedantei fononului acustic (2 grade de libertate)

One can mention that the developed models have been
reported as initial input data to parameters specific to the
exhaust pressure wave for internal combustion engines.

Analysis and identification of propagation conditions
specific variables has resulted from the first research
stages taking into accout the first (theoretical) results as
starting factors. Thus, a series of materials with a
promising energetical quantification were analysed related
to physical properties.

For acoustic impedance have been analyzed and
detailed models of the relationship (1):

azl—‘

which allow the identification of reflection-transmissibility
factor as a function of environment propagation quality.

If the conversion efficiency, seen from the energy point
of view worths the effort is proposed to be studied by
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Se mentioneazd c& modeldrile dezvoltate au fost
raportate ca set de date initiale la parametrii specifici undei
de presiune la evacuare, pentru motoarele cu ardere interna.

Analiza i identificarea variabilelor specifice conditiilor
de propagare, a decurs din derularea primelor etape de
cercetare ludnd in considerare ca si factori de pornire
primele rezultate (teoretice) formulate. Astfel, s-au analizat
din punct de vedere al proprietatilor fizice o serie de
materiale care permit o cuantificare energetica promitatoare.

Pentru impedanta acustica au fost analizate si
detaliate modele de forma (1):

2
Zs —po-C

1 1
ZS"Fpo‘C ()

care permit identificarea factorului de reflexie — transmisibilitate
functie de calitatea mediului de propagare.

Masura in care conversia are un randament care sa justifice
efortul din punct de vedere energetic, s-a studiat prin
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mathematical logic and Boole algebra. In this respect

several theories were developed to quantify the elastic

membrane case, starting from basic reasons of acoustica
energy manifestation.
Thus were analysed:

- normal conjuctive type of logical algebra functions;

- logical functions for which matrix relationships
between both function and argument sign were
determined;

- the normalization of domain frontier from energy
transfer chances point of view via domain shape
dependent differential operators, being established
equations type for frontier of shape (2):

aa)kJrl
on

Using such elements of mathematical analysis, limit
solutions were developed by constructing successive
coordinates which satisfy given frontier conditions, having
applicability to built-in membranes (duffuser) or partially
built-in membranes.

The general solution is one of the type (3):

r =t

kw2
LWE—+Zaj
ok 4
j=1

where: a; b, ,p are given functions on Q ;

n — the normal;
7 - tangent to frontier I' of domain Q.

The maximum elongation of membrane vibration has
been determined using the analogy with solid mechanics
elements, being obtained relations (4) that describe the
maximum deformation under pulsing stress (which
corresponds to accoustical wave):
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intermediul elementelor de logica matematica si algebra

Boole. In acest sens au fot analizate teorii care s& cuantifice

cazul membranelor elastice, pornind de la considerentele

primare ale modului de manifestare a energiei acustice.
Au fost luate Tn considerare:

- functii algebrice logice de tipul conjunctiv normale;

- functii Boole de tip logic pentru care s-au determinat
legaturi matricile intre semnul functiei si semnul
argumentelor;

- normalizarea frontierei domeniilor din punct de vedere al
sanselor de transfer energetic, prin intermediul operatorilor
diferentiali dependenti de forma domeniului, fiind
stabilite ecuatii ce descriu frontiera de forma (2):

L. =0, 0=2,k+1 )

on'

Cu aceste elemente de analizd matematica au fost
dezvoltate solutii ale problemei la limita, prin constructia
coordonatelor succesive satisfacand conditii pe frontiera
date, cu aplicabilitate la membrane incastrate (cazul difuzoarelor)
si Incastrate partial.

Solutia generala determinata a fost de forma (3):

o°w

Js aTS

®)

+hj w+agw=g,
s=0

unde: a;,b; ,¢ sunt functii date pe Q;
n - normala;
7 - tangenta la frontiera T a domeniului Q.

S-a determinat elongatia maxima a vibratiei unei
membrane prin analogie cu elemente specifice mecanicii
solidului, obtindndu-se relatii ce descriu deformarea
maxima pentru o sarcina pulsatorie (corespunzatoare
undei acustice) de forma (4):

o°D o°w  9’D d*w)_ shd'w

A DAW — 31—y Y
where v is a limited arbitrary function.

On the domain frontier (for ®=0) because of D, and
T, operators proprieties, equation becomes the frontier

condition itself.

As a result of acoustic analysis of pressure wave
propagation the tridimensional model is considered, which
takes into account the attenuation on constant section
track, shown in (fig. 3).

OXOy Oxdy 0y~ OX g ot

unde y este o functie arbitrara marginita .
Pe frontiera domeniului (pentru ©=0) datorita

proprietatilor operatorilor D, si T, ,ecuatia se transform&

in conditia pe frontiera.

Rezultat al analizei acustice a propagarii undei de
presiune este modelul tridimensional care ia n
considerare atenuarea pe trasee fara schimbare de
sectiune, redata in (fig.3).

Fig. 3 - Attenuated propagation of the acoustic pressure wave / Propagarea cu atenuare a undei de presiune acustica

For processing the experimental data were used
statistical and mathematical techniques, as following:
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Pentru prelucrarea datelor, s-a apelat la tehnici de
prelucrare statistica si matematica care au constat in:
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- the statistical models analysis;

- algorithm of statistical data conditioning;

- the development of a generalized Weibull biparametric
distribution model.

Probabilistic nature of presence of the acoustic energy
with a potential conversion is closer to the Weibull-type
model. So it was considered necessary to develop an
application in MathLAB environment, which allows the
probability distribution law to be stressed out, for data sets
of continuos random variable (fig. 4).
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- analiza modelelor statistice;

- realizarea unui algoritm de prelucrare statistica a datelor;
dezvoltarea unui model de probabilitate care are la baza
distributia biparametrica generalizata de tip Weibull.

Caracterul probabilistic al prezentei energiei acustice

cu potential de conversie, este mai apropiat de modelul

de tip Weibull. Astfel ca s-a considerat necesara
dezvoltarea unei aplicatii in mediul MathLAB care permite
evidentierea legii de distributie probabile pentru seturi de

date variabile aleatoare continue (fig. 4).

Fig. 4 - Example results delivered by operating the program Weibull: calculated data window (left) graphics options (including correlation
test chi2)(right) / Exemplu rezultate livrate prin operarea cu programul Weibull: fereastra de date calculate (stg.) optiunea reprezentari
grafice (inclusiv testul chi2 de corelare)(drt)

RESULTS
Assessment of potential energy

Acoustic pressure level is not sufficient to assess the
acoustic noise energy. Based on a calculation model it can
determine the density of acoustic energy or acoustic power
available in a certain area of space.

The calculation takes as input the acoustic pressure
level (in dB) and the value of the temperatures
measurement is performed (in °C).

Temperature environment in which sound waves is
propagated will influence the sound speed and the
environment density - measurements are reflected in the Z
calculation - the environment propagation impedance.

In table 1 are presented the values of these quantities
at several common temperatures.

REZULTATE
Evaluarea potentialului energetic

Nivelul de presiune acustica nu este suficient pentru a
putea evalua energia acustica a zgomotului. Pe baza unui
model de calcul se poate determina densitatea de energie
sau de putere acustica disponibild intr-o anumita zona din spatiu.

Calculul are ca marimi de intrare nivelul presiunii
sonore (in dB) si temperatura la care este efectuata
masuratoarea (in °C).

Temperatura mediului de propagare a undei sonore
influenteaza viteza sunetului in mediul respectiv si
densitatea mediului — marimi care se reflecta in calcul prin
Z — impedanta mediului de propagare.

Tabelul 1 prezintd valorile acestor marimi la cateva
temperaturi uzuale.

Table 1/ Tabelul 1

Air temperature / Air density / Sound velocity / Air impedance /
Temperatura aerului Densitatea aerului Viteza sunetului Impedanta aerului
t [°C] p [kg/m3] c [mi/s] Z [N-s/m?]
0 00 =1,293 Co =331 Zo =428
15 P15= 1,225 Ci5 = 340 Z15 =417
20 P20 = 1,204 Co0 =343 Zo0=413
25 P25 = 1,184 Cos = 346 Zy5 =410

On the basis of the acoustic pressure and of the environment
impedance can be calculated intensity acoustic, an input
quantity that assess the potential of the acoustic energy.

To assess the energetic potential acoustic, was
developed an algorithm, synthesized by digrama shown in
figure 5.
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Pe baza presiunii acustice si a impedantei mediului se
poate calcula intensitatea acustica, o prima marime
definitorie pentru evaluarea potentialului energetic acustic.

Pentru evaluarea potentialului energetic acustic, s-a
dezvoltat un algoritm, sintetizat prin digrama prezentata in
figura 5.
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Fig. 5 - Diagram of acoustic energy potential assessment from measurable quantities /
Diagrama de evaluare a potentialului energetic acustic pornind de la marimi masurabile

As shown in the presented diagram, there are two
groups of parameters: measurable parameters and the
parameters specific of the propagation environment.

If the first group expresses the possibility of measuring
of noise and identifying of the sound pressure, the second
group characterizes the propagation environment,
quantifiable by the determined impedance.

To validate the developed mathematical tool, have
been made a series of basic laboratory tests, that
consisted in identifying the capability of acoustic energy
into electrical energy for standard signals generated.

Acoustic pressure level was increased to the upper
limit of audio amplifier used. The results are presented in
table 2.

Dupa cum se observa din diagrama prezentata, exista
doua grupe de parametri: parametrii masurabili i
parametrii caracteristici mediului de propagare.

Daca prima grupa exprima posibilitatea de masurare a
zgomotului si identificare a presiunii sonore , cea de a
doua grupad caracterizeaza mediul de propagare,
cuantificabil prin impedanta determinata.

Pentru validarea instrumentului matematic dezvoltat s-au
efectuat o serie de teste primare de laborator care au
constat in identificarea capabiulitatii conversiei energiei
acustice in energie electrica pentru semnale etalon
generate. Nivelul de presiune acustica a fost crescut pana
la limita superioara a unui amplificator audio. Rezultatele
obtinute sunt prezentate in tabelul 2.

Table 2 / Tabelul 2

D Level amplification / Nivelul | Acoustic pressure level / Voltage / .
en.no. pr o as : A . Maximum current /
/Crt. no. amplificarii Nivelul presiunii sonore Tensiunea Curentul maxim [mA]
[dB] [dB] Vop [V]

1 18 111.6/111,6 0.125/0,125 0.0002 / 0,0002

2 22 115.6/115,6 0.582 /0,582 0.0003 / 0,0003

3 28 123.7/123,7 1.82/1,82 0.0073/0,0073

4 34 127.1/127,1 2.53/2,53 0.515/0,515

5 40 130.7/130,7 3.84 /3,84 2.68 /2,68

6 46 132 5.42 /5,42 10.25/ 10,25

7 52 134.1/134,1 6.55 /6,55 13.86/ 13,86

8 58 136.9/136,9 8.22 /8,22 16.7 /16,7

9 64 137.3/137,3 8.25/8,25 16.9/16,9
CONCLUSIONS CONCLUZII

As a result of researches developed the following

apreciations and points of view can be formulated:

= Surely, an approach of of energetic potential of
acoustic pressure theory is possible from the side of
guantic mechanics elements, in this respect being
needed an intrusive approach with fundamental
character, employing energy quasi-elements of
acoustic, thermodynamics and electricity;

= The energy conversion is possible and is sustained
by researches at both national and international level;

= The description of pressure waves shape is essential
in order to explain phenomena of energy propagation
through distinct environments;

= The mathematical analysis approach by employing bi
and k valent logistics, together with developed
statistical instrument and Boole algebra elements is
in consensus with quantic mechanics principles,
being able to explain the chance of energy
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Tn urma derularii cercetérii se pot formula urmatoarele
puncte de vedere si aprecieri privind sansa conversiei de
energie acustica, astfel:
= Tn mod cert, o abordare a teoriei potentialului energetic

al undelor de presiune acustica este posibila numai

prin prisma elementelor de mecanica cuantica, in acest
sens fiind necesara o abordare intrusiva cu caracter
fundamental apelandu-se la cvasielementele energetica
specifice acusticii termodinamicii si electricitatii;

= Conversia energetica este posibila si este sustinuta de
cercetarile derulate pe plan mondial si national pana in prezent;

= Descrierea formei undelor de presiune este o activitate
esentiala in contextul explicitarii fenomenelor ce au loc
la propagarea energiei in medii cu caracteristici distincte;

= Abordarea analizei matematice prin intermediul logicii bi
valente si k valente, impreuna cu instrumentul statistic dezvoltat
si elementele de algebra Boole luate in considerare
sunt in consens cu principiile mecanicii cuantice si vor
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conversion;
= Conversion of acoustic energy was enclosed in the
group of actions to recover waste energetical
potential;
= From the current assessments, we can appreciate
that in terms of energy transformed values, noise is
an energy with a low potential.
But there are some issues that
development of research in this direction:
- continuity energetics,
- potential for recovery by adapting the
conventional techniques;
- possibility that by the conversion to obtain
an effective noise attenuation.
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fi In masura sa expliciteze sansa de conversie energetica;
= Conversia de energie acustica se incadreaza in
grupul de actiuni intreprinse in vederea recuperarii
deseurilor cu potential energetic;
= Din evaluarile de pana in prezent, se poate aprecia ca din
punct de vedere al valorilor de energie transformata,
zgomotul este o energie de potential redus.
Exista insa cateva aspecte care justifica dezvoltarea
cercetarilor in aceasta directie:
- continuitatea energetica,
- potentialul de recuperare prin adaptarea
tehnicilor conventionale;
- posibilitatea ca prin conversie sa se obtina o
atenuare fonica implicita eficienta.
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generating high resolution JPEG before to introducing in
the Microsoft Word manuscript file (Insert - From File -
...jpeg). Use Arabic numerals to designate figures and
upper case letters for their parts (Figure 1). Begin each
legend with a title and include sufficient description so that
the figure is understandable without reading the text of the
manuscript. Information given in legends should not be
repeated in the text. Each figure must be inserted on the
entire width of the page, into the text where reference is
made, single columns (see attached sample). Leave a
space between the figure and the text of figure, size: 3 pt.,
figure number is written in Arial bold, size: 8 pt., followed
by what represent the figure or graph, written with Arial,
regular, 8 pt. Left to write in English (regular), followed by a
separating slash (/) and text in native language (Arial italic).
Eg:
Fig 1 - Test stand / Stand de testare (size: 8 pt.)

The figures should be "In line with text" - Center, not
"Square"; "Tight"; "Behind text" or "In front of text" (from
"Format picture" - right mouse button on picture and then
"Layout".

Mathematics

Authors must provide instructions on how symbols and
equations should be set. Equations should be numbered
sequentially in the right-hand side and in parenthesis. They
should be referred to in the text as Equation (4) or Eg. (4).
Each equation must be written on the entire width of the
page, into the text where reference is made, the columns
are broken (see attached sample).

REFERENCES: are made in the text; a reference
identified by [1], [2], ... [n] is written in the order that was
placed at the end of the work - alphabetically.

Example:

(1], (2], [3], ... [n]

References should be listed at the end of the paper in
alphabetical order. Articles in preparation or articles
submitted for publication, unpublished observations,
personal communications, etc. should not be included in
the reference list but should only be mentioned in the
article text (e.g., A. Danciu, University of Bucharest,
Romania, personal communication). Authors are fully
responsible for the accuracy of the references.

Examples:
Journal / Magazine:

[1]. Nicolescu M.A. (2007) - Relevant characteristics of
alternative liquid fuels aimed at diesel engines exploitation
in polycarburation duty. INMATEH - Agricultural Engineering,
vol. 27, no. 1/2009, ISSN 1583-1019, pg. 50-55.

[2]. Pirna I, Nicolescu M., Marin M., Voicea | (2009) -
Alternative supply of agricultural tractors with raw oils.
INMATEH - Agricultural Engineering, vol. 29, no. 3/2009,
ISSN 1583-1019, pg. 89-92.

Conference or Symposium:

[1]. Bungescu S, Stahli W, Biris S, Vladut V, Imbrea F,
Petroman C (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on
Agricultural Engineering "Actual Tasks on Agricultural
Engineering”, Opatija - Croatia, ISSN 1333-2651, pg.
177+184.

Book:

[1]. Vladut V (2009) - Studiul procesului de treier in
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Romania.

Book Chapter:

[1]. Viadut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. In: Studiul
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fnaltd rezolutie, nainte de a introduce in dosarul
manuscris Microsoft Word (Insert - From File - ... JPEG).
Folositi cifre arabe, pentru a desemna cifre si litere
majuscule pentru partile lor (Figura 1). Incepeti fiecare
legenda cu un titlu care sa includa o descriere suficienta,
astfel Incat figura sa poata fi inteleasa, fara citirea textului
din manuscris. Informatiile furnizate in legende, nu trebuie
repetate in 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 data se scrie textul in limba engleza
(normal), urmat de un slash (/) apoi textul in limba materna
(italic). Exemplu:

Fig. 1 - Test stand / Stand de testare (marimea: 8 pt.)
Figurile introduse trebuie sa fie "In line with text" - Center,
nu "Square"; "Tight"; "Behind text" or "In front of text" (din
"Format picture” - butonul dreapta mouse pe figura si apoi
"Layout").

Formulele matematice, ecuatiile: autorii trebuie sa
furnizeze instructiuni privind modul de simbolizare si de
ecuatii stabilite si utilizate. Ecuatiile trebuie numerotate
secvential, in partea dreapta si in paranteze. Ele trebuie
mentionate in text ca ecuatia (4) sau Ex. (4). Fiecare
ecuatie trebuie scrisd pe intreaga latime a paginii, in text,
acolo unde se face referire, 0 singura coloana (vezi atasat
model).

REFERINTELE: se fac in text; o referinta identificata prin
intermediul [1], [2], ...[n], se scrie Tn ordinea in care a fost
trecuta la sfarsitul lucrarii - ordine alfabetica.

Exemplu:

(11, 2], [3], .., [n]

Referintele trebuie prezentate la sfarsitul lucrarii in
ordine alfabetica. Articole in curs de pregatire sau articole
trimise spre publicare, observatiile nepublicate, comunicarile cu
caracter personal, etc, nu trebuie incluse in lista de
referinta, dar pot fi mentionate in textul lucrarii (exemplu,
A. Danciu, Universitatea din Bucuresti, Romania,
comunicare personald). Autorii sunt pe deplin responsabil
pentru exactitatea referintelor.

Exemple:
Jurnal / Revista

[1]. Nicolescu M.A. (2007) - Proprietétile relevante ale
combustibililor lichizi alternativi vizati pentru exploatarea
motoarelor diesel n regim policarburat, INMATEH
Inginerie Agricold, vol. 27, nr. 1 / 2009, ISSN 1583-1019,
pg. 50-55;

[2]. Pirna I, Nicolescu M., Marin M., Voicea | (2009) -
Alimentarea alternativd a tractoarelor agricole cu uleiuri
vegetale crude, INMATEH - Inginerie Agricola, vol. 29, nr.
3/2009, ISSN 1583-1019, pg. 89-92.

Conferinta / Simpozion

[1]. Bungescu S, Stahli W, 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]. Viadut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. In: Studiul
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procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
Dissertation / Thesis:

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu masini agricole
pentru pregdtirea terenului in vederea insamantarii. PhD
dissertation, University of Transylvania Brasov, Brasov,
Romania.

Units, Abbreviations, Acronyms
= Units should be metric, generally SlI, and
expressed in standard abbreviated form.
= Acronyms may be acceptable, but must be
defined at first usage.

2. SHORT COMMUNICATIONS

Short Communications are limited to a maximum of two
figures and one table. They should present a complete
study that is more limited in scope than is found in full-
length papers. The items of manuscript preparation listed
above apply to Short Communications with the following
differences: (1) Abstracts are limited to 100 words; (2)
instead of a separate Materials and Methods section,
experimental procedures may be incorporated into Figure
Legends and Table footnotes; (3) Results and Conclusions
should be combined into a single section.

3. REVIEWS

Summaries, reviews and perspectives covering topics of
current interest in the field, are encouraged and accepted
for publication. Reviews should be concise (max. 8 pages).
All the other conditions are similar with regular articles.

INMATEH - ? s 1

procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
Disertatii / Teze de doctorat

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu magini agricole
pentru pregétirea terenului in vederea insamantarii. Teza
de doctorat, Universitatea Transilvania Brasov, Brasov,
Romaénia.

Unitati, Abrevieri, Acronime
= unitatile metrice trebuie sa fie, in general, Sl, si
exprimate in forma prescurtata standard;
= acronimele pot fi acceptate, dar trebuie sa fie
definite la prima utilizare.

2._.COMUNICARILE SCURTE

Comunicarile scurte sunt limitate la maxim 2 figuri si un
tabel. Acestea trebuie sa prezinte un studiu complet, care
este mai limitat decat n 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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