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ESTABLISHMENT OF THE OPTIMAL TECHNOLOGICAL VARIANT IN ENERGETIC TERMS
FOR PREPARING THE GERMINATION BED IN GREENHOUSES

/

STABILIREA VARIANTEI TEHNOLOGICE OPTIME SUB ASPECT ENERGETIC PENTRU
PREGATIREA PATULUI GERMINATIV IN SERE

Prof. Ph.D. Eng. Bratucu Gh., Ph.D. Stud. Eng. Paunescu C., Ph.D. Eng. Pasztor J.
- University Transylvania Brasov -
Tel: 0268-472222; E-mail: gh.bratucu@unitbv.ro

Abstract: Starting from the observation that preparation
of the germination bed in greenhouses is a significant
energetic consumer, in the paper are presented ten
technological variants which fulfill totally the agro-
technical requirements. It is considered a priority criterion
for choosing a variant for reducing the fuel (energy)
consumption for making the work, with maintaining and
even improving the soil productivity potential and the
work mechanization degree. The works considered in
these technologies were: deep soil loosening at 45...50
cm for breaking the hardpan; working through deep soil
loosening up to 25...35 cm in depth; leveling; soil
superficial layer loosening; soil surface modeling. For all
these works and technological variants were established
mathematical models for the energetic consumptions.
From the graphical representation it is found that through
increasing the work depth the total energetic
consumption, of the most complex technological variant
for preparing the germination bed in greenhouses,
increases. In return, by increasing the work speed the
energetic consumption decreases. The experimental
researches were done for variants in which the preparing
of the germination bed was made through digging and
milling, operations which have the largest share in the
energetic consumption for preparing the germination bed
in greenhouses.

Keywords: energetic consumption,
greenhouses, technological variant

germination bed,

INTRODUCTION

Agricultural machinery system, namely all machines,
tools and agricultural installations necessary for germination
bed preparing in greenhouses are chosen through
evaluating and comparing the possible technological
variants. The specific technical systems for germination bed
preparing in greenhouses includes the energetic base and
the equipments designed for each agricultural work.
Between the agricultural equipment parameters there must
exist correlations, the working process made by a machine
will prepare the optimal conditions for the following machine
in the technological flow [5]. The porpose of rational using of
the technical systems is to reduce to minimum the
unproductive times and no-load movements, to assure
bigger production capacities through eliminating and/or
reducing the waiting times, to correspond with technical
progress realized worldwide, agro-technical, technological
and rational exploitation requirements, to assure the use of
the existent energetic sources to corresponding values etc.
Choosing the technical systems is based on analysis of
more variants of technologies [3]. An option will be
considerate as fundamental only in the case in which the
technological solutions which are compared are equivalent
from the point of view of the effect which they generate.
Establishing the effect of different variants creates a series
of difficulties, these being more important as are compared
more variants, reason for which is necessary the
establishment of a priority criterion. In the current situation
of the world energetic crisis, it can be considerate a priority

Rezumat: Pornind de la constatarea ca pregétirea patului
germinativ Tn sere este un consumator energetic
semnificativ, in lucrare se prezintd zece variante de
tehnologii care indeplinesc in totalitate cerintele
agrotehnice. Se considera criteriu prioritar pentru alegerea
unei variante reducerea consumului de combustibil
(energie) pentru efectuarea lucrérii, cu mentinerea gi chiar
imbunétatirea potentialului de productie al solului si a
gradului de mecanizare a lucrérilor. Lucrérile avute in
vedere Tn cadrul acestor tehnologii au fost: afanarea
adanca la 45...50 cm in vederea spargerii hardpanului;
mobilizarea prin afanare profundd péna la 25..35 cm
adadncime; nivelarea; afénarea (maruntirea) stratului
superficial; modelarea suprafetei solului. Pentru toate
lucrérile gsi variantele tehnologice s-au stabilit modelele
matematice  ale  consumurilor  energetice. Din
reprezentdrile grafice se constatd ca prin cresterea
adancimii de lucru consumul total de energie al celei mai
complexe variante tehnologice de pregétire a patului
germinativ in sere creste, in schimb, prin marirea vitezei
de lucru consumul energetic se reduce. Cercetarile
experimentale s-au realizat pentru variantele in care
pregétirea patului germinativ s-a facut prin sdpare si
frezare, operatii care au cea mai mare pondere in
consumul energetic al pregadtirii patului germinativ in
sere.

Cuvinte cheie: consum energetic, pat germinativ, sere,
variante tehnologice

INTRODUCERE

Sistema de masini, respectiv totalitatea masinilor,
uneltelor si instalatiilor agricole necesare pentru pregatirea
patului germinativ in sere, se alege pe baza evaluarii si
compararii variantelor tehnologice posibile. Sistemele
tehnice specifice procesului de pregatire a patului
germinativ. in sere cuprinde baza energetica si
echipamentele destinate fiecarei lucrdri agricole. intre
parametrii maginilor trebuie s& existe corelatii, procesul de
lucru efectuat de o masina, pregatind conditiile optime
pentru masina care urmeaza in fluxul tehnologic [5].
Scopul folosirii rationale a sistemelor tehnice este sa se
reduca la minim timpii neproductivi si deplasarile in gol, sa
asigure capacitati de productie cat mai finalte prin
eliminarea si/sau reducerea timpilor de asteptare, sa
corespunda progresului tehnic realizat pe plan mondial,
cerintelor agrotehnice, tehnologice, de exploatare
rationald, sa asigure utilizarea surselor energetice
existente la valori corespunzatoare etc.

Alegerea sistemelor tehnice se bazeaza pe analiza mai
multor variante de tehnologii [3]. O optiune va fi
considerata fundamentatd numai in cazul in care solutiile
tehnice care se compara sunt echivalente din punct de
vedere al efectului pe care-l genereaza. Stabilirea
efectului diferitelor variante creeaza a serie de dificultati,
acestea fiind cu atat mai insemnate cu cat se compara
mai multe variante, motiv pentru care este necesara
stabilirea unui criteriu prioritar. Tn situatia actuala a crizei
energetice mondiale, poate fi considerat criteriu prioritar
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criterion the energetic consumption reduction for
germination bed preparation work in greenhouses with
maintaining the soil production potential and with the work
mechanization level [4].

Agro-technical requirements imposed to the germination
bed in greenhouses are severe, as: the soil surface must be
coarse for avoiding the forming of crust, which would
prevent plants emergence; the soil layer in which the seeds
or the seedlings are placed should be delicate; the
germination bed base should be deep loosened for assuring
an aero — hydric optimal regime for roots development etc.
[2].Soil preparing technologies in the protected rooms
include the following mechanized works, spread out in time:
deep soil loosening for hardpan breaking to 45...50 cm
depth (at intervals of 2...4 years); soil mobilization through
profound soil loosening up to 25...35 cm; soil leveling;
superficial soil loosening, respectively superficial soil layer
shredding; soil modeling [1].

MATERIAL AND METHOD

The research method adopted in this paper consists in
establishing the technological variants for germination bed
preparing in greenhouses, the mathematical modeling of the
energetic consumptions of all agricultural operations and
technological variants, the experimental research of some
technological variants and the comparison of theoretical and
experimental results. The specific calculus relations of the
energetic consumption for germination bed preparation in
greenhouses are the ones already recognised in specialized
literature and the calculus models take into account the
normal values of the functional parameters, which were
adopted in experimental researches too.

The main technological viable variants for germination
bed preparing in greenhouses are presented in table 1.

INMATEH - icultural

reducerea consumului de energie pentru efectuarea
lucrérii de pregétire a patului germinativ, cu mentinerea
potentialului de productie al solului si a gradului de
mecanizare a lucrarii [4].

Cerintele agrotehnice impuse patului germinativ in sere
sunt severe, precum: suprafata solului trebuie sa fie
grosiera pentru evitarea formarii crustei, care ar impiedica
rasarirea plantelor; stratul de sol in care se asaza
semintele sau rasadurile sa fie fin; baza patului germinativ
sa fie afanatd profund in vederea asigurarii unui regim
aero-hidric optim dezvoltarii radacinilor etc.[2]. Tehnologia
pregatirii solului in spatiile protejate cuprinde urmatoarele
lucrari mecanizate esalonate in timp: afanarea adanca in
vederea spargerii hardpanului la 45...50 cm (la intervale de
2...4 ani); mobilizarea solului prin afanare profunda pana la
25..35 cm adancime; nivelarea; afinarea superficiala,
respectiv maruntirea stratului superficial de sol; modelarea
solului [1].

MATERIAL S| METODA

Metoda de cercetare adoptatd in aceasta lucrare
consta in stabilirea variantelor tehnologice de pregatire a
patului germinativ in sere, modelarea matematica a
consumurilor energetice ale tuturor operatiilor si variantelor
tehnologice, cercetarea experimentalda a unor variante
tehnologice si compararea rezultatelor teoretice cu cele
experimentale. Relatiile de calcul specifice consumurilor
energetice ale operatiilor de pregatire a patului germinativ
in sere sunt cele consacrate in literatura de specialitate,
iar modelele de calcul tin cont de valorile normale ale
parametrilor functionali, care au fost adoptate si la
cercetarile experimentale.

Principalele variante tehnologice viabile ale pregatirii
patului germinativ in sere sunt prezentate n tabelul 1.

Table 1/ Tabelul 1

Technological variants of the germination bed preparing in greenhouses /
Variante tehnologice ale pregaitirii patului germinativ in sere

Mechanical works of the germination bed preparing in greenhouses/
No. Lucrarile mecanice ale pregatirii patului germinativ in sere
Variant/ Deep soil . S
Nr. loosening / MDE(?IF? soil works / < Leveling/ VSurfa.ce grlndlr)g_/ < Modeling/
varianta Afanare adanca obilizare profunda Nivelare Maruntire superficial Modelare
25...35¢cm 12...15cm
45...50cm
Agricultural machine systems variants/Variante de sisteme de masini
1 Subsoiler/ Soil digging machine/ | Leveling machine/ Rotary tiller / Modeling machine/
Subsolier Masina de sdpat Nivelator Freza Modelator
5 Subsoiler/ Soil digging machine/ ) Rotary tiller / Modeling machine/
Subsolier Masina de sédpat Freza Modelator
3 Subsoiler/ Rotary tiller / ) Rotary tiller / Modeling machine/
Subsolier Freza Freza Modelator
4 ) Soil digging machine/ | Leveling machine/ Rotary tiller / Modeling machine/
Masina de sapat Nivelator Freza Modelator
5 ) Soil digging machine/ ) Rotary tiller / Modeling machine/
Masgina de sapat Freza Modelator
6 ) Rotary tiller / ) Rotary tiller / Modeling machine/
Freza Freza Modelator
7 ) Soil digging machine/ | Leveling machine/ Rotary tiller / )
Masina de sapat Nivelator Freza
8 ) Soil digging machine/ ) Rotary tiller / )
Masgina de sapat Freza
9 Rotary tiller / Rotary tiller /
Freza Freza
10 ) Soil digging machine/ ) ) )
Masina de sapat

The mathematical models are composed from
equations referring to the energetic consumption of each
work from the technological variants for germination bed
preparing in greenhouses, emphasizing the elements
which have direct influence over the energetic
consumption for concrete working cases.

Modelele matematice sunt compuse din ecuatii
referitoare la consumul energetic al fiecarei lucrari din
variantele tehnologice de pregatire a patului germinativ in
sere, punandu-se n evidenta elementele care au influenta
directd asupra consumului de energie pentru cazuri
concrete de lucru.
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The mathematical model of the energetic
consumption for the subsoiler work is built with formula
(1), in which are neglected the energy lost in the
machinery mechanisms:

Etsubsoliere

where: f is the rolling resistance; Gs — the subsoiler
weight, in N; ks — the soil resistance to the work with the
subsoiler, in N/m? as — the work depth, in m; vns — the
subsoiler work speed, in m/s; ts — the work time with the
subsoiler, in s.

For work conditions characterlzed through: f = 0.15; Gs
= 800 N; ks = 35000 N/m? it is obtained the mathematical
model (2):

Ets €s,Vms.ts =120V -ts +70000- ag2

The mathematical model of the energetic consumption
for soil work with the digging machine is built with the
formula (3), in which are neglected the energy lost in the
machine mechanisms:

/l'ﬂ'g'amsz'b_zlw'tms
0.45 2z

Etms = f -Gms - Vmms tms + “Vmms “tms +

where: f is the rolling resistance; Gms — the soil digging
machine weight, in N; ams — the work depth, in m; b- the
width of one dig, in m; vmms — the soil digging machine
work speed, in m/s; tms — the digging work time, in's; w —
the angular speed of the crankshaft, in rad/s; z- the hoes
number; p — the soil volumetric weight, in N/m?®.

For work conditions characterized through: f = 0.15;
Gms = 6100 N; p=0,36; b = 0,1m; w=17 rad/s, p=1500
daN/m? it is obtained the mathematical model (4):

=f 'Gs"Vms'ts +2'ks'a52

B-ams -2 Vmms - ¢4.37 2
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Modelul matematic al consumului de energie la
lucrarea de subsoliere se construieste cu ajutorul

formulei (1), In care se neglijeaza energia pierduta in
mecanismele masinii:

Vs -ts 1, 1)
unde: f este rezistenta la rulare; Gs — greutatea
subsolierului, in N; kS — rezistenta solului la lucrarea cu
subsolierul, in N/m? as - adancimea de lucru, N m; Vms

este viteza de Iucru al subsolierului, Tn m/s; ts timpul de
lucru cu subsolierul, in s.

Pentru conditiile de lucru caracterlzate prin f =0,15;
Gs = 800 N; ks = 35000 N/m? se obtine modelul
matematic (2):

)

-Vms 'ts [J]
Modelul matematic al consumului de energie la lucrarea
solului cu magina de sdpat se construieste cu ajutorul

formulei (3), in care se neglijeaza energia pierduta in
mecanismele masginii:

91, (3)

2z
= tms +0.62-—-ams-B-p-g- mes tms

2

unde: f este rezistenta la rulare; Gms — greutatea masinii de
sapat solul, in N; ans - adancimea de lucru, In m; b -
latimea sapei, Tn m; vmms - viteza de lucru al masinii de
sapat solul, iIn m/s; tms - timpul saparii, In s; w - viteza
unghiulara a arborelui cotit, in rad/s Z - numarul sapelor; p
- masa volumic a solului, in daN/m?®.

Pentru conditile de lucru caracterizate prin: f = 0,15;
Gms = 6100 N; u=0,36; b = 0,1m; w=17 rad/s, p=1500
daN/m?®, se obtine modelul matematic (4):

Etms &ms.Vimms. tms =915 Vimms - tms +19490.45- ams 2Vimms -t 2ms + 20051.75- amg - Vims - tms + 480974+ ams - Véms -tms 91, (4)

The mathematical model of the energetic consumption
for soil work with the tiller machine is built with the formula
(5), in which are neglected the energy lost in the machine
mechanisms:

kf-af

Etf =f-Gf -Vpf -t§ +

The knife angular speed is equal with:

Modelul matematic al consumului de energie la lucrarea
solului cu freza se construieste cu ajutorul formulei (5), in
care se neglijeazd energia pierdutd in mecanismele

masinii:
-b-z af -B-p-v% [] (5)
Vmf -tf + Vmf U Ry vmf -tf
Viteza unghiulara a cutitului este egala cu:
vp=@-r [radls], (6)

so relation (5) is modified:

kf-af-b-z
Etf =f-Gf -Vmf -t§ +

where: f is the rolling resistance; G; — the tiller machine
Welght in N; ki — the specific soil resistance to tiller work,
in N/m% ar — the work depth, in m; b- the width of one
knife, in m; vms — the tiller machine work speed, in m/s; ti —
the tiller work time, in s; z, — the knife number placed on
the same part of the flange; Bn — the tiller work width, in
m; w — the angular speed of the tiller rotor, in rad/s; p —
the soil volumetric weight, in N/m?®.

For work conditions charactenzed through: f = 0.20; G¢
= 4650 N; kr = 120000 N/m?; b=0.11m; z= 36;zp=3;Bm =
1.3 m; w = 17 rad/s, p —1500 daN/m? it is obtained the
mathematical model (8):

“Vmf -tf +4000-Bm -V -t +%~Bm-af

astfel relatia (5) se modifica:

pvpt T2 @l B (@)

unde: f este rezistenta la rulare; Gt — greutatea freze| inN;
ki rezistenta specmca a solului la frezare, in N/m? as -
adancimea de lucru, in m; b - I&timea cutitului, Tn m; v -
viteza de lucru al frezei, Tn m/s; t; - timpul frezarii, in s; z -
numarul cutitelor aflate pe rotor; z, - numarul cutitelor
aflate pe aceeasi parte a flansei; Bm - latimea de lucru a
frezei, In m; w - viteza unghiulara a rotorulu| in rad/s; p -
masa volumetrica a solului, in daN/m?®.

Pentru conditiile de Iucru caracterizate prin: f = 0,20; Gt
= 4650 N; ki = 120000 N/m? b=0,11m; z= 36;zp=3; Bn =
1,3 m; w =17 rad/s, p —1500 daN/m® se obtine modelul
matematic (8):
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Eif &¢.vmf 8 =930-vmf -t+158400-af -Vmpf -tf +5200-vyf -t+18322.42-af -vmyf -tf [J]. (8)

The mathematical model of the energetic consumption
for soil work with the leveling machine is built with the
formula (9), in which are neglected the energy lost in the
machine mechanisms:

Etniv =| fGniv +Kniv -anB+ 41

where: f is the rolling resistance; Gnv — the leveling
machine weight, in N; kny — the specific soil resistance to
leveling work, in N/m?; a, — the work depth, in m; B- the
width of the leveling machlne blade, in m; H — the height
of the leveling machine blade, in m; p. — the soil-steel
friction coefficient; Y, — the soil-soil friction coefficient; 6 —
the natural embankment angle; vimn — the leveling machine
work speed, in m/s; t, — the leveling work time, in s;

For work conditions characterlzed through: f = 0.25;
Gn|v—630N kn|\/—25000 N/m B 12m IJ.]_ 036 HZ 05
H=0.4 m; 6=60°, y=90° it is obtalned the mathematical
model (10):

Modelul matematic al consumului de energie la
lucrarea solului cu nivelatorul se construieste cu ajutorul

formulei (9), In care se neglijeaza energia pierduta in
mecanismele masginii:
2 2
-H 2 B-H 3 9
.p-0-COS“ v+ -p-0 Vmnt [ ] ( )
2195 r9 y+u2 2195 £-9 Vmnln
unde: f este rezistenta la rulare; Gnv — greutatea

nivelatorului, Tn N kniv - rezistenta specifica a solului la
nivelare, in N/m?; an - adancimea de lucru, In m; B -
latimea lamei, in m; H — inaltimea lamei, m; pi -
coeficientul de frecare sol-otel; p2 —coeficientul de
frecare intre sol-sol; & — unghiul taluzului natural; Vmniv -
viteza de lucru al nivelatorului, Tn m/s; t, - timpul
nivelarii, in s.

Pentru conditiile de lucru caracterlzate prin f = 0,25;
Gn|v - 630 N kn|v - 25000 N/m B 12 m l.ll 036
M2=0,5; H=0,4 m; 5=60°, y=90° se obtine modelul
matematic (10)

Etniv ﬁn,Vm,t:: 1575an 'tn +30000'an 'Vm -t +416.18'an 'tn [J] (10)

The mathematical model of the energetic consumption
for soil work with the modeling machine is built with the
formula (11), in which are neglected the energy lost in the
machine mechanisms:

Etmod = f - Geul *Vmm tmod +Kmod

where: f is the rolling resistance; Gcu — the modeling
machine weight, in N; Kmod — the specific soil resistance to
the soil modeling work, in N/m?; am — the work depth, in m;
b- the width of the ridge plough in m; Vvmm — the modeling
machine work speed, in m/s; tmoa — the modeling work
time, in s;

For work conditions characterlzed through: f = 0.25;
Geu = 900 N; kmoa = 35000 N/m? b = 0.2 m; £=1700
daN/m3it is obtained the mathematlcal model (12):

Modelul matematic al consumului de energie la
lucrarea solului cu modelatorul se construieste cu ajutorul
formulei (11), In care se neglijeaza energia pierduta in
mecanismele maginii:

-am‘b‘me‘tmod +8‘am‘b‘V|§1m‘tmod [J], (11)

unde: f este rezistenta la rulare; Gcu — greutatea
cultivatorului, in N; Kmod - reznstenta specmca a solului la
lucrarea de modelat solul, in N/m - adancimea de
lucru, iIn m; b - Iatimea pieptului rarlt,el, in m; vimm - vViteza
de lucru al modelatorului, Tn m/s; tmoed - timpul modelarii,
ins.

Pentru conditiile de Iucru caracterizate prin f = 0,25; ch|
=900 N; Kmog = 35000 N/m% b = 0,2 m; £€=1700 daN/m>se
obtine modelul matematic (12).

Et mod ‘m,Vm,t :: 225 . me . tmod + 7000 . am . me . tmod + 340 . am . Vrsnm . tmod [\]], (12)

The mathematical models defined through relations (2),
(4), (8), (10) and (12) offer the possibility for designing the
mathematical model of the total mechanical energy
consumption to the most complex technological variant for
germination bed preparing in greenhouses:

Et = st 'Vmsts +2'ks ~a52

2
H-p-g-ams” -bg Zths

Modelele matematice definite prin relatiile (2), (4), (8),
(10) si (12) ofera posibilitatea alcatuiri modelului
matematic al consumului de energie mecanica totala la
varianta tehnologica cea mai complexa de pregatire a
patului germinativ in sere:

'Vmsts +

Bms@ms 2 Vmms - ‘4-37?

+ fGms -Vmmstms + Vmmstms +

0.45 2z

2
fGpiv +Knijy -anBn +
niv niv-anbn +44 2tg§
k¢-af-bf-z
+fGf -vmft§ + Vmftf +

Bp,
"p-9-C0s” ¥+ 2

af By ~p~V%

2z 2
t 0.62—-amsB -V t
5 ms + o oms ms A9 -Vmmstms+ [0, (13)

2 ‘H?

-9 Vmntn +
2196 P9 Vmnln

“Vmftf +Rx -Vmits +

3
+nr - (fGeul “Vmmtmod +Xmod -@m *be - Vmmtmod +£-am -bc -Vimtmod)

where: as — the subsoiler work depth, in m; ams - the soll
digging machine depth, in m; a, — the leveling machine
work depth, in m; as — the tiller machine work depth, in m;
am - the working depth of cultivator of opening ditches,

unde: as este adancimea de lucru a subsolierului, Tn m; ams
- adancimea de lucru a masinii de sapat solul, in m; a, -
adancimea de lucru a nivelatorului, Tn m; as - adancimea de
lucru a frezei, Tn m; an, - adancimea de lucru a cultivatorului
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in m; bs — one dig width, in m; Bms — the soil digging
machine work width, in m; B, —the leveling machine work
width, in m; bs — the tiller machine knife width, in m; B —
the tiller machine work width, in m; b; — the ridge plough
chest width, in m; n; — the channels number on the width
of the soil digging machine; the rest of the notations
corresponds to those from relations (2), (4), (8), (10) and
(12).

The mathematical model of the total energy consumption
to prepare the germination bed in greenhouses offers the
possibility of the theoretical research of the energetic
consumption depending on the work depth and speed.

The variation of the total energy consumption
depending on the work depth can be studied only if exists
a dependence between the work depths of the equipment
that are succeeding in agricultural technology. It is
considered asuch dependence like:

RESULTS

The variation of the energetic consumption for
germination bed preparing in greenhouses depending on
the work depth is presented in figure 1. In the energetic
consumption of the modeling work was considered that, in
practice, the channels processing is realized in two passes,
comparative to the others works which are executed in one
pass. The graphic built on the base of mathematical model
(13) for established work conditions defined in relations (2),
(4), (8), (10), (12), proves that by increasing the work depth
by 25 % the energetic consumption increaseas with 150 %.

1000000
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pentru deschis rigole, in m; bs — latimea unei sape, ih m;
Bms — latimea de lucru a maginii de sapat solul, in m; B, —
latimea de lucru a nivelatorului, in m; bs — Iatimea cutitului
de freza, in m; B — latimea de lucru a frezei, in m; b —
latimea pieptului raritei, in m; n, — numarul rigolelor pe
latimea de lucru a maginilor de lucrat solul; iar restul
notatiilor corespund celor din relatiile(2), (4), (8), (10) si
(12).

Modelul matematic al consumului total de energie la
pregatirea patului germinativ in sere pune la dispozitie
posibilitatea cercetarii teoretice a consumului energetic in
functie de adancimea si de viteza de lucru.

Variatia consumului total de energie in functie de
adancimea de lucru poate fi studiata numai daca exista o
dependenta intre adancimile de lucru ale echipamentelor
care se succed in tehnologie. Se considera o astfel de
dependenta, precum:

ams = Asubsolier— 0.15;

ar = asubsoiler — 0.15;

an = 0.15; (14)
amod = 015

REZULTATE

Variatia consumului energetic al pregatirii patului
germinativ in sere in functie de adancimea de lucru este
prezentatd in figura 1. Tn calculul consumului energetic al
modeladrii s-a luat n considerare faptul ca, practic,
prelucrarea rigolelor se executa in doua treceri, fatd de
celelalte lucrari care se executa dintr-o singura trecere.
Graficul construit pe baza modelului (13) pentru conditiile
concrete de lucru definite in relatiile (2), (4), (8), (10), (12),
demonstreaza ca prin cresterea adancimii de lucru cu 25 %
consumul energetic creste cu 150 %.

v=05m's; vms =025nvs; t = 30s —_—

750000

500000

Total energy consumpsion’
Energia tofala consumata,.J

250000 T
0.25 0.30

0.35 040 0.45 05

Working depth/ Adancimea de lucru.m

Fig. 1 - Total energy consumption for germination bed preparing in greenhouses, depending on the work depth /
Consumul total de energie la pregétirea patului germinativ in sere in functie de adancimea de lucru

The variation of the total energy consumption
depending on the work speed can be studied only if exists
a dependence between the work speeds of the
equipments which succeed in agricultural technology. It is
considered such a dependence:

Variatia consumului total de energie in functie de
viteza de lucru poate fi studiata numai daca exista o
dependenta intre vitezele de lucru ale masinilor care se
succed in tehnologie. Se considera o astfel de
dependenta, precum:

V =Vms =% Vmms = Vion = Vit = Vm mod- (15)

The total energy consumption variation for germination
bed preparation in greenhouses depending on the work
speed is presented in figure 2. Form the diagram based on
mathematical model (13) for certain work conditions defined
through relations (2), (4), (8), (10), (12) is found that working

Variatia consumului total de energie la pregétirea
patului germinativ in sere in functie de viteza de lucru este
prezentatd in figura 2. Din diagrama construita pe baza
modelului (13) pentru conditiile concrete de lucru definite
in relatiile (2), (4), (8), (10), (12) se constata ca prelucrarea
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the same surface with increased speeds can be performed
with a smaller total energy consumption. A surface of 9

q 0 . 2
segments, having the dimension of By X 2 x 27 m*, namely
BmX54 m?was considered for calculus. .

25000
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aceleiasi suprafete cu viteze marite se poate efectua cu
consum total energetic mai mic. S-a considerat ca
suprafatd de calcul suprafata a 9 travee, avand
dimensiunea de Bm x 2 X 27 m?, adicd Bmx54 m>.

as=045m.ams =03 m;
an=015m; af =015 m;

am=0.15m; | =54 m.

20000000

15000000

10000000

SO00MMN

Enargia totald consumats, J

025 033

Total energy consumptions

015

045 055 065 075

Working speed’ Viteza de lucru, m's
Fig. 2 Total energy consumption for germination bed preparing in greenhouses, depending on the work speed /
Consumul total de energie la pregétirea patului germinativ in sere in functie de viteza de lucru

The theoretical values of the energetic consumption of
agricultural machinery used for germination bed preparing in
greenhouses, calculated for certain work conditions defined in
relations (2), (4), (8), (10) and (12) are written in table 2.

Valorile teoretice ale consumului energetic al masinilor
folosite la pregatirea patului germinativ in sere, calculate
pentru conditiile concrete de lucru definite in relatiile (2),
(4), (8), (10) si (12) sunt trecute in tabelul 2.

Table 2/ Tabelul 2

Theoretical energetic consumption of the agricultural machines used to germination bed preparing in greenhouses /
Consumul energetic teoretic al masinilor folosite la pregatirea patului germinativ in sere

Working conditions/

Soil working machine/ Conditii de lucru:

Total energetic consumption

Specific energetic

/ Consum total de energie consumption/

Masina de lucrat solul " Vp= 0.5m/s 9] Consum specifig de energie,
" t=30s [I/m7]
Subsoiler / Subsolier as= 0.45m/as=0,45m 214425 15883.33 / 15883,33

Soil digging machine /

Masing de s3pat solul ams= 0.30 M/ @ns= 0,30 m

969923.1/ 969923,1 46186.8 / 46186,8

Rotary tiller / Freza 2;=0.20m/a=0,20m

621847.3 /621847,3 31889.6 / 31889,6

Rotary tiller / Freza a=0.15m/a=0,15m

489305.4 / 489305,4 25092.6 / 25092,6

Leveling machine / Nivelator a,=0.15m/a,=0,15m

76409.4 / 76409,4 4245

Modeling machine / Modelator an=0.15m/ay=0,15m

19316.25 / 19316,25 6438.75 / 6438,75

Based on data obtained through theoretical calculus, it
can be determined the energy consumption of the
technological variants for germination bed preparation in
greenhouses (tab.2) for certain work conditions.

From table 3 results that the technological variant 1, which
has mechanized all germination bed preparing works,
presents the largest energy consumption. The components
of the energy consumption are presented in figure 3.

From table 2 and figure 3 results that the largest energy
consumption part of the germination bed preparation is
formed by the energetic consumption of the digging and
tiller works.

The digging work energy consumption, in given concrete
work conditions, represents 54.22% from the total energy
and the tiller work energy consumption represents 27.35%
from the total energy consumption of the technological
variant.

From table 3 are observed that variants 2 and 3 vary
between them through executing the base works with
different equipments. It is obtained a total energetic
consumption and specific energetic consumption better for the
technological variant in which misses the soil digging machine,
being used the tiller machine which works at a 0.2 m depth.

10

Pe baza datelor obtinute prin calcule teoretice, se poate
determina consumul de energie al variantelor de tehnologie
la lucrarile de pregatire a patului germinativ in sere (tab. 2)
pentru conditiile concrete de lucru.

Din tabelul 3 reiese ca varianta 1 de tehnologie, avand
toate lucrarile de pregatire a patului germinativ mecanizate,
prezintd cel mai mare consum de energie. Elementele
consumului energetic sunt prezentate in figura 3.

Din tabelul 2 si figura 3 rezulta ca cea mai mare parte a
consumului de energie al lucrarii de pregatire a patului
germinativ o formeaza consumurile energetice ale lucrarilor
de sapare si de frezare.

Consumul de energie al lucrarii de sapare, in
conditiile concrete de lucru precizate, constituie 54,22%
din totalul de energie, iar consumul energetic al frezei
reprezinta 27,35% din totalul consumului de energie al
variantei de tehnologie.

Din tabelul 3 se observa ca variantele 2 si 3 difera intre
ele prin executarea lucrarii de baza cu diferite masini,
obtindndu-se un consum energetic total, cat si specific mai
bun, in favoarea variantei din care lipseste masina de
sapat solul, ea fiind Tnlocuita cu freza care lucreaza la
adancimea de 0,2 m.
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Table 3/ Tabelul 3

Theoretical energy consumption to technological variants of the germination bed preparing in greenhouse /
Consumuri de energie teoretice la variantele tehnologice de pregatie a patului germinativ in sere

Energy consumption /
Technological variants/ Consum de energie
Variante tehnologice total /total, J sp_e<_3|f|c / ,
specific, J/m
. S . Leveling . . .
Subsoiler/ Soil digging machine / ) Rotary tiller/ Modeling machine/ 109130.7 /
1 . e - machine/ - 1788695
Subsolier Masina de sapat Nivelator Freza Modelator 109130,7
5 Subsoiler/ Soil digging machine / B Rotary tiller/ Modeling machine/ 1712286 104885.7 /
Subsolier Masina de sdpat Freza Modelator 104885,7
Subsoiler/ . . Rotary tiller/ Modeling machine/ 90413.1/
8 | Subsolier | Rotawy tiller/Frezé 0,2m ) Frezd Modelator 1360790 90413,1
P : Leveling . . :
s - | Sohsongmactiel | machne) | Rogyier | Modebgmeined | srpro | rraes
s P Nivelator
5 ) Soil dlggl[lg mag:hme/ ) Rotary tljler/ Modeling machine/ 1497861 73119
Masgina de sadpat Freza Modelator
’ - Rotary tiller/ Modeling machine/ 58646.4 /
6 - Rotary tiller / Freza 0,2m - Frezs Modelator 1146365 58646,4
Do . Leveling "
7 ) Soil dlg_glpg mavchlne/ machine/ Rotary tlJIer/ ) 1535638 75524.4 |
Masina de sapat . Freza 75524.,4
Nivelator
) Soil digging machine/ ) Rotary tiller/ ) 71279.4/
8 Masina de sapat Freza 1459229 71279,4
= Rotary tiller/ 56806.8 /
9 - Freza / 0,2m - Frezi - 1107733 56806,8
10 ) Soil digging machine/ ) ) ) 969923.1/ 46186.8 /
Masina de sapat 969923,1 46186,8

1200000
vm=0.5m/s; t=30s
g 0000
g 100 o seffmovement/
autodeplasare
% o util work/
E 800000 lucru util
3 movement/ N
2 deplasare
o
©= 600000
&
g
E
-
e 400000
8
&
(5}
c
w 200000
0 - = :  —
Subsolier work! | Soil digging work/ | Leveling work/ F}gtarz tiller work/ | Modeling work/
Subsoliere Sépare Nivelare rezare Modelare
1]
|IJ am%gmgm 0 10821.91765 0 78000 0
T Work
B Jucny util 212625 945376.1646 74046.89074 397625.4436 31882.5
movenmenty
deplasare 1800 13725 23625 13680 6750

In table 4 are presented the real specific energy
consumptions experimentally determined for soil digging
works in greenhouses with MSS 1.40 machine and with the
carried rotary tiller FPP 1.30, for no-load movement and
work movement [2], in which Cs represents the efficiency of
use of the total energy for the utile work which can be

'Fig. 3 - Components of the energy consumption for germination bed preparing works in greenhouses /
Elementele consumului energetic al lucrarilor de pregatire a patului germinativ in sere

calculated with relation (16):

calcula cu relatia (16):

Cs

11

Ces —-C
Cfe =——2-100[%],

In tabelul 4 se prezintd consumurile specifice de
energie reale determinate experimental pentru lucrarile de
sapat solul in sere cu masina MSS 1,40 si cu freza purtata
FPP 1,30, pentru deplasarea in gol si deplasarea in lucru
[2], Tn care Ct reprezinta randamentul de folosire a
energiei totale pentru lucrarea propriu-zisa, care se poate
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and Py represents the energy consumption share to no-load
movement from the total energy consumption, which can be

calculated with relation (17):

In relations (16) and (17) Ccs and Ccq represents the
energy consumption to work movement, respectively to no-

load movement of the considered technical system.

Average specific consumption for digg

INMATEH - icultural

iar Pg reprezinta ponderea consmului de energie la mersul
in gol in totalul consumului de energie, care se poate
calcula cu relatia (17) :

c
% 100[94).
Ccs

(17

Tn relatiile (16) si (17) Ccs si Coq reprezinta consumul de
energie la deplasarea in sarcina, respectiv la deplasarea in
gol a sistemului tehnic considerat.

Table 4 / Tabelul 4
ing and rotarry tiller agricultural works /

Consumurile specifice medii ale lucrarilor de sapare si frezare

Experimental specific
consumption to no-load
movement /
Consum specific
experimental in gol, J/m?

Researched works/
Lucrari cercetate

Experimental specific
consumption to work
movement/ Consum specific
experimental in sarcina,
Jim?

Cfe, %

Digging with 1.40, a=0.3m/

Sapat cu MSS —1,40;a=0,3m 43652.63 / 43652,63

116037 62.38043 / 62,38043

Tiller with 1.30,a=0.2m/
Frezat cu FPP—-1,30,a=0,2m

47240.41 1 47240,41

77481.17 / 77481,17 39.02982 / 39,02982

Data form table 4 are represented graphic in figure 4.

Datele din tabelul 4 sunt reprezentate grafic in figura 4.

150000 -
B8 116037 .0286
§ ° 100000 N
8§ 77481.16923
BEE
Be
E
Q2 4365 4724
g c -
23 50000
=8
0
0 —
Digging with/ Sdpare cu MSS - 1,40 Tiller with! Frezare cu FPP - 1,30
lair movement consumption/
consum la deplasarea in gol 43652.63492 47240.41026
work movement consumption/
W consum fa deplasarea in sarcind 116037.0286 77481.16923
Used energy efficency/
Randamentul utilizarii energiel, Ce 62.38042678 39.02981753
Share! Pondere Pgt 37.61957322 60.97018247

Fig. 4. Average specific energy consumption to digging and tiller soil works in greenhouses /
Consumurile specifice medii la lucrérile de sdpare si frezare a solului in sere

From data presented in table 4 and figure 4 results that
the energy introduced in the system to the digging work is
utilized with a better efficiency, respectively 62.38%, than in
the case of the tiller work when it is 39.02%. It results that
neglecting the soil digging machine in the germination bed
preparing in greenhouses technology is not justified.

Very important are the specific energetic consumption
for no-load movement of the considerate agricultural
systems, which have values of 43652.63 J/m? representing
37.6% from the work total specific consumption with the
digging machine and of 47240.41 J/m? representing

1

Din datele prezentate in tabelul 4 si figura 4 rezulta ca
energia introdusa in sistem la lucrarea de sapare se utilzeaza
cu un randament mai bun, respectiv 62,38%, decét in cazul
lucrarii de frezare, cand acesta este de 39,02%. Rezulta ca
neglijarea maginii de sapat solul in tehnologia pregatirii patului
germinativ in sere nu se justifica.

Deosebit de importante sunt consumurile energetice
specifice pentru deplasarea in gol a sistemelor agricole
considerate, care au valori de 43652,63 J/mz, reprezentand
37,6% din consumul specific total al lucrarii cu masina de
sapat si de 47240,41 Jim?, reprezentand aproximativ 61%

2
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approximately 61% from the total specific consumption to
soil work with the rotary tiller machine.

For this reason finding the best movement solution,
but also the designing or purchasing some lighter
agricultural equipment can contribute to reduce the fuel
specific consumption for germination bed preparing in
greenhouses work.

CONCLUSIONS

1. For all the studied equipment the energetic
consumption reduction for movement can be assured
through reducing their weight starting with designing and
fabrication phase, by using some lighter materials, but
suitable in terms of resistance to mechanical solicitations.
The reducing of the rolling coefficient can be obtained by
using wheels with diameters and widths as big as possible
and with low pressure tire.

2. If it is done a analysis of the specific energetic
consumption of the equipment which can be implicated in
germination bed preparing in greenhouses is found that the
soil digging machlne has the largest energetic consumption
(46.186.8 Jim? ) working at 0.3m depth, followed by the rotary
tiller which works at 0.20 m depth (31.889 J/m) and the
subsoner machine (15.883.33 J/m?), leveling machine(4. 245
Jim?) and cultivator for channels opening (6438.75 J/m?)
have the smallest specific energetic consumption.

3. With these information were calculated the total and
specific energetic consumptions for different technological
variants for germination bed preparation in greenhouse.
Naturally the largest total consumption presents the
technologies which implies all of the 5 equipment
(1.788.695 J), but these situations are rarely meet in
practice. For concrete researched work case was found that
the soil digging work represents 54.22% and the tiller work
represents 27.35% from the total energetic consumption of
the technological variant which includes all the possible
mechanized works for germination bed preparation.

4. Analyzing the influence of the depth and movement
speed works over the total energetic consumption is found
that at the soil digging machine these ones decrease with
the speed increasing and increases with the increase of the
work depth, similar situation in the case of tiller work. It is
found also that in all cases the specific energetic
consumption for soil work with rotary tiller is larger than in the
case of soil work with the soil digging machine, so the rotary
tiller is a larger energetic consumer than the soil digging
machine for identical work conditions, so using the soil
digging machine is justified in profound soil loosening works.

5. Very important are the specific energetic consumption
for lair movement of the conS|derated agricultural systems,
which have values of 43652.63 J/m’ representing 37.62%
form the soil work total specific consumptlon with the soil
digging machine and of 47240.41 Jim? representing 61% from
the soil work total specific consumption with the rotary tiller.

For this reason finding the best movement solution,
but also designing and buying some lighter agricultural
equipments can contribute to reducing the specific fuel
consumption for germination bed preparing in greenhouses
work.
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din consumul specific total la lucrarea solului cu freza
agricola.

Din acest motiv géasirea celei mai bune solutii de
deplasare, dar si proiectarea sau achizitionarea unor
echipamente agricole mai ugoare pot contribui la reducerea
consumului specific de combustibil la lucrarile de pregatire a
patului germinativ Tn sere.

CONCLUZII

1. La toate echipamentele studiate reducerea consumului
energetic pentru deplasare se poate asigura prin reducerea
greutatii acestora inca din faza de proiectare si fabricare,
prin  folosirea unor materiale mai usoare, dar
corespunzatoare sub aspectul rezistentei la solicitarile
mecanice. Reducerea coeficientului de rezistenta la rulare
se poate obtine prin folosirea rotilor cu diametre si latimi céat
se poate de mari si presiuni Tn pneuri mai scazute.

2. Daca se face o analiza a consumurilor energetice
specifice ale echipamentelor ce pot fi implicate in pregatirea
patului germinativ in sere se constata ca cel mal mare
consum il are masina de sapat solul (46186,8 J/m?) lucrand
la 0,3m adancime, urmata de freza care lucreaza la
adancimea de 0,20 m (31889 J/mz) iar cele mai reduse
consumuri energetlce specifice le prezmta subsolierul
(15883,33 Jim? ), nivelatorul (4, 245 Jim? ) si cultivatorul
pentru deschis rigole (6438,75 J/m?).

3. Avand aceste informatii s-au calculat consumurile
energetice totale si specifice ale diferitelor variante
tehnologice de pregétire a patului germinativ in sere. Tn mod
firesc cele mai mari consumuri totale le au tehnologiile ce
implica toate cele 5 echipamente (1788,695 J), dar
asemenea situatii se intélnesc rar in practica. Pentru cazul
concret de lucru cercetat s-a constatat ca lucrarea de
sdpare reprezintd 54,22%, iar frezarea 27,35% din
consumului energetic total al variantei de tehnologie care
cuprinde toate lucrarile mecanizate posibile de pregatire a
patului germinativ.

4. Din analiza influentelor adancimii si vitezelor de lucru
asupra consumurilor energetice totale se constata ca la
masina de sapat acestea scad cu cresterea vitezei si cresc
cu cresterea adancimii de lucru, situatie similara si in cazul
lucrarii cu freza. Se mai constata in toate cazurile consumul
energetic specific la lucrarea solului cu freza este mai mare
decat in cazul lucrarii cu masina de sapat, adica freza este
un consumator energetic mai mare decat magina de sapat
pentru conditii identice de lucru, astfel ca folosirea masinii
de sapat se justifica la mobilizarea profunda a solului.

5. Deosebit de importante sunt consumurile energetice
specifice pentru deplasarea in gol a S|stemelor agricole
considerate, care au valori de 43652,63 J/m” reprezentand
37,62% din consumul specific total al Iucrarn solului cu
masina de sapat si de 47240,41 Jim? reprezentand
aproximativ 61% din consumul specific total la lucrarea
solului cu freza agricola.

Din acest motiv gasirea celei mai bune solutii de
deplasare, dar si proiectarea sau achizitionarea unor
echipamente agricole mai usoare pot contribui la reducerea
consumului specific de combustibil la lucrarile de pregatire a
patului germinativ in sere.
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EVALUATING BY SIMULATION THE IMPACT OF ACID RAIN ON CATIONS IN A
REDDISH-BROWN SOIL SAMPLED FROM COSOVENI, DOLJ (ROMANIA)
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Abstract: ,Acid rain” is a general term used to describe
acid depositions, i.e. rain, fog and snow (known as ,wet
deposition”), as well as acid gases and particles (known
as ,dry deposition”).

Acid rain is a particular environmental concern in
Romania, as many soils have lately become acidic,
causing serious damages to plants, animals and human
beings.

The purpose of this study is to evaluate by simulation
the impact of acid rain on cations in a reddish-brown soil
which was sampled from Cosoveni - a village situated in
Dolj county, at 10 km from Craiova, the county capital.

Laboratory experiments were performed by leaching
soil columns with simulated acid rain (prepared in
volumetric flasks) at different pH levels, and then soil
cation concentration was represented at all these pH
levels.

The results suggest that the cations loss in solil
originated in leaching by the aC|d rain is an important one
(34, 46, 21, si 77% for ca* g , K" si Na', respectively),
generating a serious problem for the agricultural and
environmental management, as soil cations are essential
nutrients for plant growth.

Key words: cation concentration, Dolj (Romania), pH
level, acid rain

INTRODUCTION

Lately, acid rain has become a major concern of the
international scientific community [1-10], as it is a
phenomenon with serious implications on agriculture and
environment: it kills fish and plants (mostly aquatic plants),
causes deterioration of materials in lands, and is harmful
to animals and humans.

Acid rain with SOz, NOx and NH3; may form secondary
pollutants that could react with organic compounds and
contribute to ozone formation.

Moreover, acid rain can mobilize cations from the soil.

The protons in the acid depositions reduce the cation
exchange capacity and increase the concentrations of
these cations in the soil water. The negatively charged
sulphate and nitrate ions in the acid rain can act as
“counterions,” allowing cations to be leached from the soil.

Through a series of chemical reactions, they are
leached out and become unavailable to plants as nutrients.

Rainwater in equilibrium with carbon dioxide (CO3) in
air, with no other species affecting pH, is slightly acidic
(pH > 5.5). Rainwater is often more acidic because of to
the emissions of SO, NOy or organic acids. Typical pH
values of acid rain resulting from anthropogenic emissions
may be in a range of 2.5-5.

Acid rain is a serious environmental problem in the
world and it is of a particular concern in Romania, as many
soils have lately become acidic.

This study investigated the dynamics of cations
transformation under the influences of simulated acid rain
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Rezumat: ,Ploaie acidd” este un termen general folosit
pentru a descrie depunerile acide: ploaie, ceaté si zapada
(depuneri umede), dar si particule si gaze acide (depuneri
uscate).

Ploaia acida constituie o preocupare majora de mediu
in Roménia, deoarece, in ultimii ani, multe soluri au
devenit acide, provocand daune grave plantelor,
animalelor si oamenilor.

Scopul prezentului studiu este de a evalua prin
simulare impactul ploii acide asupra cationilor dintr-un sol
brun-roscat prelevat din Cosoveni - un sat situat in judetul
Dolj, la 10 km de Craiova, resedinfa de judef.

Experimentele de laborator au fost efectuate
supunand coloane de sol la acfiunea ploilor acide simulate
(preparate in baloane volumetrice) la diferite niveluri ale
pH-ului, reprezentandu-se apoi grafic concentratia
cationilor din sol la toate aceste niveluri de pH.

Rezultatele sugereaza ca pierderea de cationi din sol,
avénd originea in lixivierea cauzatad de ploala aCIda este
una lmportanta (34, 46, 21, si 77% pentru ca® g
si Na®, respectiv), constituind o problema ser/oasa a
managementu/ui agricol si de mediu, intrucéat cationii din
sol sunt nutrienti esentiali in cresterea plantelor.

Cuvinte-cheie: concentratia cationilor, Dolj (Romania),
nivel de pH, ploaie acida

INTRODUCERE

In ultimii ani, ploaia acidd a devenit o preocupare
majora a comunitatii stiintifice internationale [1-10], intrucat
ea reprezintda un fenomen cu grave implicatii asupra
agriculturii si mediului: ucide pesti si plante (in primul rand
plante acvatice), cauzeaza deteriorarea unor materiale si
terenuri, si este daunatoare pentru animale si om.

Ploile acide cu SO2, NOx si NHs pot forma poluantii
secundari, care ar putea reactiona cu compusi organici si
sa contribuie la formarea de ozon.

Mai mult, ploaia acida poate mobiliza cationii din sol.

Protonii din depunerile acide reduc capacitatea de
schimb cationic, crescand concentratiile cationilor in apa
din sol. lonii sulfat si nitrat, incarcati negativ, din ploaia
acida, pot actiona ca si ,contraioni”, permitand lixivierea
cationilor din sol.

Printr-o serie de reactii chimice, acestia sunt lixiviati si
devin indisponibili pentru plante ca nutrienti.

Apa de ploaie aflata in echilibru cu dioxidul de carbon
(CO) din aer necontin&nd nicio alta specie care afecteaza
pH-ul, este slab acida (pH > 5,5). Apa de ploaie este
adesea mai acida din cauza emisiilor de SO,, NOx sau
acizi organici. Valorile tipice ale pH-ului ploii acide
rezultate din emisiile antropice pot fi intr-o gama de 2,5-5.

Ploile acide constituie o problema acutd de mediu si
prezinta un interes deosebit in Romania, tntrucat, tn ultimii
ani, multe soluri au devenit acide.

Acest studiu a avut drept scop investigarea dinamicii
de transformare a cationilor sub influenta ploii acide
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in a reddish-brown soil sampled from Cosoveni, Dolj (in
South-western Romania).

The map of Romanian soils is presented in figure 1
(where the location of the vilage of Cosoveni is shown; its
soil is mostly a reddish-brown luvic soil).

INMATEH - icultural

simulate intr-un sol prelevat din Cosoveni, Dolj (in sud-
vestul Romaniei).

fn Romania, harta solurilor se prezinta ca in figura 1
(unde este localizat satul Cosoveni; solul sau este luvic
brun-roscat).

Il cambisols/cambisol

Il chemozems/cernoziom

B rendzinas/rendzina

[__| gleysols/gleysol

I phaeozems/phacozem

I fiuvisols/fluvisol

[ ] kastanozems/kastanoziom

Bl |uvisols/iuvisol

Bl podzols/podzol

E arenosols/arenosol
regosols/regosol

1 solonetz/solonet

[ ] andosolsiandoso/

Bl vertisols/vertisol

B |akes/lacuri

swamps/miastini

140 Km

Fig. 1 — Romania — soil map (according to FAO/ UNESCO); location of Cogoveni vilage/

Romaéania — harta solurilor (dupd FAO/ UNESCOQ); localizarea satului Cogoveni

MATERIAL AND METHOD

A reddish-brown luvic soil sampled from Cosoveni, Dolj
was submitted to the experiment (more specifically, the
samples were collected at 10 - 20 cm depth). This soil has
a pH level of 4.7, with a cation exchange capacity of 188
mmol/kg) and a base saturation of 35.6%. Sulfuric acid
(H2S04) and nitric acid (HNO3) of analytical purity were
used in simulating acid rain.

The acidity source of rain primarily consists of H,SO4
and HNOs in a 9:1 ratio, so, in order to have a simulated
acid rain reflecting the natural conditions, the acid solutions
were prepared by using this ratio. The working solutions
with pH = 2.5; 3; 3.5; 4; 45 and 5 were prepared in
volumetric flasks by diluting the stock solutions with
deionized water, whereas the control solution with pH = 7
was prepared by adding 0.1 mL of ammonia (16.8% N) into
5 L of deionized water [4].

A plastic cylinder with a 10 cm inner diameter
containing a 20 cm-long soil column was used. Then, 1 kg
of air-dried soil, passed through a 1 mm sieve and then
mixed thoroughly, was poured into the cylinder in 2 cm
increments, continuously stirring to prevent layering.
Before and after filling the column, a piece of plastic filter
and two pieces of paper filters were placed at its both
ends, in order to prevent any soil waste.

A total of 28 column treatments, corresponding to
seven pH levels and four time periods (after a week, after
two weeks and then after three and four weeks) were used
in this study.

In order to reflect the natural rainfall conditions, an
amount of 0.25 L simulated acid rain was slowly sprayed,
at a rate of 0.01 L/min, at the top of each column, daily.
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MATERIAL S| METODA

A fost supus experimentelor un sol luvic brun-roscat
prelevat din Cosoveni, Dolj (mai exact, probele au fost
colectate la o adancime de 10 - 20 cm). Acest sol are un
nivel al pH-ului de 4,7, o capacitate de schimb de cationi
de 188 mmol/kg) 1 si o saturatie in baze de 35,6%. Pentru
simularea ploii acide s-au utilizat acid sulfuric (H2SOa) si
acid azotic (HNO3) de puritate analitica.

Sursa de aciditate a ploii consta in principal in H,SO4
si HNOg, intr-un raport de 9:1, asa incat, pentru a avea o
ploaie acida simulatd reflectdnd conditile naturale,
solutiile acide au fost preparate in acest raport. Solutiile
de lucru cu pH = 2,5; 3; 3,5; 4; 4,5 si 5 au fost pregatite in
baloane cotate, prin diluarea solutiilor din stoc cu apa
deionizata, in timp ce solutia-etalon cu pH = 7 a fost
preparata prin adaugarea a 0,1 mL de amoniac (16,8% N)
in 5 L de apa deionizata [4].

A fost utilizat un cilindru de plastic cu diametrul interior
de 10 cm, continadnd o coloana de sol 20 cm. Apoi, 1 kg
de sol uscat la aer, trecut printr-o sita cu ochiuri de 1 mm
si apoi mojarat, a fost turnat in cilindru Tn portii de 2 cm
indltime, amestecand continuu pentru a preveni
stratificarea. Tnainte si dupa umplerea coloanei, cate un
filtru de plastic si doua filtre de héartie au fost plasate la
ambele capete ale sale, pentru a preveni pierdere de sol.

Au fost utilizate in acest studiu 28 de coloane de
tratare, corespunzand la sapte valori ale pH-ului si patru
perioade de timp (dupa o saptaméana, dupa doua, trei si
patru saptamani).

Pentru a reda conditiile naturale de ploaie, s-a recurs la
pulverizarea a cate 0,25 L de ploaie acida simulata, cu un
debit de 0,01 L/min, fiecarei coloane, zilnic.
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After finishing the experiment, the soil in the column
was dried and analyzed for cations by atomic adsorption
spectrophotometry.

The experimental procedure was performed using the
conventional methods proposed by Jackson et al. [7].

Statistical analysis was performed in Microsoft Excel
2010, by applying an F-test (Fisher’s test) for which the
significance level a = 0.01 (1%), which equates to a trust
level of 99% [8].

The variational calculus consists in determining:

55E
_EV _MsB _ difh)
BT UV MsSW o S5W
dffw)

EV — explained variance;

UV — unexplained variance;

SSB — sum of squares between groups;

SSW — sum of squares within groups;

df(b) — number of degrees of freedom between
groups;

df(w) — number of degrees of freedom within
groups;

MSB — mean square between groups (variance
between groups);

MSW — mean square within groups (variance
between groups).

Our calculations lead to the value Foo1 = 3.14.

This value being significantly bigger than 1, one may
draw the conclusion that the null hypothesis has to be
rejected, as the variance explained by the differences
between groups considerably exceeds the one caused by
accidental errors.

RESULTS

Soil cation dynamics was investigated (Table 1).

The changes in concentrations of soil dications, Ca**
and Mg?*, after treating the soil with simulated acid rain at
seven different pH levels over a four-week experimental
period, are shown in figure 2.

The changes in concentrations of soil monocations K*
and Na', after being leached by simulated acid rain at the
same seven pH levels, are shown in figure 3.

mmol/kg
60
A 55
on
£0
s o 50
£ pH values/
e S - valorile pH-ului
g g ——2.5
+ 5 -3
W 4| —35
Q 8 —e 4
4.5
35 o—5
4
30
week 1/ week 2/ week 3/ week 4/
prima a doua atreia a patra

sdptamana saptamana saptamana saptamana

Mg?* concentration/
concentratia de Mg?!
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Dupa terminarea experientei, coloana de sol a fost
uscatd si i-a fost analizat continutul de cationi prin
spectrofotometrie de adsorbtie atomica.

Procedura experimentala au fost efectuata folosind
metoda conventionala propusa de Jackson si colab. [7].

Analiza statistica a fost efectuatd in Microsoft Excel
2010, aplicandu-se un test F (testul lui Fisher) pentru care
nivelul de semnificatie a = 0,01 (1%), ceea ce echivaleaza
cu un nivel de incredere de 99% [8].

Calculul variational consta in a determina:

SPD
_VE _MPD _El{d)
“TVN "~ MPI  SPI
gl

unde:
VE — varianta explicata;
VN — varianta neexplicata;
MPD — media sumei patratelor intre grupuri
(varianta ntre grupuri);
MPI — media sumei patratelor in interiorul
grupurilor (varianta n interiorul grupurilor);
SPD - suma patratelor intre grupuri;
SPI — suma patratelor Tn interiorul grupurilor;
gl(d) — numarul gradelor de libertate intre grupuri;
gl(i) — numarul gradelor de libertate din interiorul
grupurilor.
Calculele noastre au condus la o valoare Fop1 = 3,14.
Aceasta valoare fiind semnificativ mai mare decat 1,
se poate trage concluzia ca ipoteza de nul trebuie
respinsa, intrucat varianta explicata prin diferetele dintre

grupurieste mult mai mare decat cea cauzata de erori
aleatoare.

REZULTATE

A fost studiatd dinamica ionilor pozitivi in sol (Tabelul 1).

Modificarile in concentratii ale dicationilor din sol, ca?
Si Mgz+, dupa tratarea solului cu ploaie acida simulata, la
sapte valori diferite ale pH-ului, pe o perioada de patru
saptamani, sunt prezentate in figura 2.

Modificarile concentratiilor monocationilor K™ si Na’,
dupa lixiviere cu ploaie acida simulata, la aceleasi sapte
valori pH-ului, sunt prezentate in figura 3.

pH values/
valorile pH-ului
——2.5

-3

~+—3.5

——4

e 4.5

——5

—— 7

o

week 1/ week 2/ week 3/ week 4/
prima a doua atreia a patra
saptamana saptamana saptamana saptamana

Fig. 2 — Sail dication dynamics / Dinamica dicationilor din sol
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Fig. 3 — Soil monocation dynamics / Dinamica monocationilor din sol

Table 1/ Tabelul 1

Cation concentration (mmol/kg) at the seven different pH levels during the four-week experimental period /
Concentratia cationilor (nmol/kg)la cele sapte valori ale pH-ului de-a lungul perioadei de patru saptdméni de experiment

Cation concentration / concentratia cationilor (Immol/kg)

. " After one Alter two < After three After four <
Cation pH Ip|g§1| / weeks / dupd weeks / qupa weeks / dupd weeks / dupa
initial o saptaméana doud trei saptamani patru
saptamani saptamani
25/25 55.2 /55,2 58.0 /58,0 52.5/52,5 4751475 36.4/36,4
3 55.2 /55,2 58.0/58,0 54.0/54,0 48.2 /48,2 42.1/42,1
3.5/35 55.2 /55,2 58.0 /58,0 54.0 /54,0 53.2/53,2 45.2 /45,2
ca* 4 55.2 /55,2 56.3 /56,3 53.0/53,0 50.8 /50,8 44.0/ 44,0
45/45 55.2 /55,2 57.2157,2 52.5/52,5 50.7 /50,7 44.0/ 44,0
5 55.2 /55,2 59.3/59,3 51.1/51,1 49.9/49,9 41.2/41,2
7 55.2 /55,2 58.0/58,0 49.2 /49,2 49.6 / 49,6 41.3/41,3
25/25 7.29/7,29 7.36 /7,36 7.29/7,29 5.82/5,82 3.94/3,94
3 7.29/7,29 7.31/731 7.2217,22 6.00/6,00 4.60/ 4,60
3.5/35 7.29/7,29 7.2717,27 6.51/6,51 6.20 /6,20 4.81/4,81
Mg 4 7.29/7,29 7.25/7,25 6.53/6,53 5.64 /5,64 4.8214,82
45/45 7.29/7,29 7.2417,24 6.48/6,48 5.64 /5,64 5.00/5,00
5 7.29/7,29 7.22/7,22 6.58 /6,58 5.68 /5,68 4.92/4,92
7 7.2917,29 7.2217,22 6.48 /6,48 5.61/5,61 4.31/4,31
25/25 1.82/1,82 1.82/1,82 1.63/1,63 1.62/1,62 1.44/1,44
3 1.82/1,82 1.82/1,82 1.70/1,70 1.69/1,69 1.51/1,51
35/35 1.82/1,82 1.82/1,82 1.73/1,73 1.7471,74 1.55/1,55
K" 4 1.82/1,82 1.84/1,84 1.75/1,75 1.80/1,80 1.72/1,72
45/4,5 1.82/1,82 1.84/1,84 1.78/1,78 1.75/1,75 1.80/1,80
5 1.82/1,82 1.86/1,86 1.82/1,82 1.78/1,78 1.82/1,82
7 1.82/1,82 1.86/1,86 1.83/1,83 1.82/1,82 1.70/1,70
25/25 2.60/2,60 1.88/1,88 1.12/1,12 1.15/1,15 0.60/0,60
3 2.60/2,60 2.15/2,15 1.441/1,44 131/1,31 0.84/0,84
3.5/35 2.60/2,60 2.32/2,32 1.62/1,62 1.55/1,55 0.88/0,88
Na* 4 2.60/2,60 2.40/2,40 2.13/2,13 1.84/1,84 1.12/1,12
45/45 2.60/2,60 1.86/1,86 1.37/1,37 0.97 /0,97 0.81/0,81
5 2.60/2,60 2.10/2,10 1.42/1,42 1.05/1,05 0.83/0,83
7 2.60/2,60 2.12/2,12 1.60/1,60 151/151 1.00/1,00

The initial concentration of Ca”" ions was 55.2
mmol/kg. The concentration of this ion increased at the
beginning of the experiment from this value to 56.3 — 59.3
mmol/kg after one week at different pH levels, and then
permanently decreased, from day 8 to the end of the
experiment, reaching a concentration value of 36.4
mmol/kg at pH = 2.5 at the end of the experiment, which
equates to a loss of about 18.8 mmaol/kg ca”.

This is to say that about 34% of the original soil ca*
were leached out by the simulated acid rain. This
occurred because many ca’" ions were displaced by the
H" ions under the strong acidic conditions that were
created.

To understand this process, let us take into account
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Concentratia initiald a ionilor Ca** a fost de 55,2
mmol/kg. Concentratia acestui ion a crescut la Tnceputul
experimentului de la aceasta valoare pana la 56,3 — 59,3
mmol/kg, dupa o saptamana, la diferite valori ale pH-ului,
apoi a scazut permanent, din ziua a opta pana la sfarsitul
experimentului, ajungandu-se la o valoare a concentratiei
de 36,4 mmol/kg la pH = 2,5 la sfarsitul experimentului,
ceea ce echivaleaz cu o pierdere de 18,8 mmol/kg Ca*".

Acest lucru este echivalent cu a spune ca
aproximativ 34% din ionii de Ca®* au fost lixiviati de ploaia
acida simulata. Acest lucru s-a intamplat deoarece multi
ioni Ca®* au fost dislocuiti de ioni H* in conditile de
aciditate puternica ce au fost create.

Pentru a intelege acest proces, in

sa luam
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the fact that the sulfuric acid reacts with the calcium
carbonate (limestone):

CaCOs + H,S0O4 — CaS04 + H,CO3

The calcium sulfate is soluble in water and, on the
other hand, the carbonic acid is very instable:

H,CO3; — CO; + H,0O
so the hydrogen ions originated in the acid are converted
into hydrogen atoms in water.

Similar results were obtained for Mgb; that is, the
concentrations of soil MgZ+ decreased with time at all pH
Iev¢29+ls. This occurred for the same reason as in case of
Ca™".

The decrease in MgZ+ concentration was steeper than
that of Ca*". About 46% of the original Mg®* was leached
out by the simulated acid rain at pH = 2.5 after four weeks
(more specifically, Mg2+ concentration decreased from
7.29 to 3.94 mmol/kg).

The concentrations of soil monocations, K™ and Na®,
also decreased in time at all pH levels. It is apparent that
the decrease in Na* concentration was much steeper than
that of K™

More specifically, the maximum concentration
decrease in K" was about 0.38 mmol/kg (between 1.82
and 1.44 mmol/kg), at pH 2.5, after the whole
experiment time, whereas the maximum concentration
decrease in Na“ was about 2 mmol/kg (decreasing from
2.6 to 0.6 mmol/kg) at the same pH level and during the
same period; that is, about 21% of the original K" ions and
77% of the original Na* ions were leached out by the
simulated acid rain (at pH = 2.5).

As mentioned above, the statistical analysis with the
F-test shows that the differences in concentrations of
dications were significant at Fo o1 = 3.14.

CONCLUSION

The ions of calcium, magnesium, potassium, sodium and
other metals are attached to the clay and humus particles
in the soil. The attractive electrostatic forces occurring
between the positive metal ions and the negatively charged
soil particles is strong enough to hold the metal ions in the
soil despite the passage of water through it.

However, if acid rain gets into the soil, it adds
hydrogen ions, which displace these important nutrients in
a process called leaching: the metal ions are washed
deeper into the subsoil or — at contrary — washed out of
the top soil, being no longer available to the roots of the
plants, which is extremely inconvenient, as calcium ions
are used for cell formation, as well as in the processes of
transporting sugars, water and other nutrients from roots
to leaves; magnesium ions are vital in photosynthesis and
also as carriers of phosphorus — which is important in the
production of DNA, etc.; potassium ions also play a role in
photosynthesis, protein synthesis, regulation of water use,
activation of plant enzymes (over sixty kind of them),
control of ionic balance; the sodium ions are also involved
in mentaining the ionic balance, and the salinity tolerance
as well.

Our research leads to the conclusion that, indeed, acid
rain has a strong impact on soil, by mobilizing cations
important for plant growth, namely ca®, Mg*, K" and
Na’.

More specifically, it was found that, among the four
metal ions involved in this study, the strongest leaching
process was suffered at pH = 2.5 by the sodium ions
(77% - from 2.6 mmol/kg to 0.6 mmol/kg), followed by the
magnesium ions (46% - from 7.29 mmol/kg to 3.94
mmol/kg) and those of calcium (34% - from 55,2 mmol/kg
la to 36,4 mmol/kg), whereas the weakest leaching
process being noticed for the potassium ions (21% - from
1,82 mmol/kg to 1,44 mmol/kg).
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considerare faptul ca intre carbonatul de calciu (calcar) si
acidul sulfuric are loc reactia:

CaCO;3 + H,SO4 — CaS0Og4 + H,CO3

Sulfatul de calciu este solubil in apa si, pe de alta
parte, acidul carbonic este foarte instabil:

H,CO3 — CO;, + H,O
asa incéat ionii de hidrogen din acidul initial se regasesc
sub forma de atomi de hidrogen din apa.

Rezultate similare au fost obtinute pentru Mgz+, n
sensul ca si concentratiile acestui dication au scazut in timp,
la tzoate valorile pH-ului, din acelasi motiv ca si in cazul
ca”.

Scaderea concentratiei de Mg2+ a fost mai abrupta
decat cea a Ca”". Aproximativ 46% dintre ionii de Mg
aflati initial in sol au fost dizolvati de ploaia acida simulata la
pH = 2,5 dupa patru sdptamani (mai exact, concentratia
Mg”* a scizut de la 7,29 la 3,94 mmol/kg).

Concentratiile monocationilor din sol, K" si Na’, au
scazut in timp la toate valorile pH-ului. Se observa ca
scaderea concentratiei de Na™ a fost mult mai abrupta
decat cea a concentratiei de K.

Mai exact, scaderea maxima a concentratiei de K™ a
fost de aproximativ 0,38 mmol/kg (intre 1,82 si 1,44
mmol/kg), la pH = 2,5 dupa intreaga perioada de
desfasurare a experimentului, in timp ce scaderea
maxima a concentratiei de Na" a fost de cca. 2 mmol/kg
(de la 2,6 la 0,6 mmol/kg), la aceeasi valoare a pH-ului si
in aceeasi perioada; aceasta inseamna ca aproximativ
21% si respectiv 77% dintre ionii initiali de K" si Na* au
fost lixiviati de ploaia acida simulata (la pH = 2,5).

Dupa cum s-a mentionat anterior, analiza statistica
cu testul F mentonat anterior arata ca diferentele survenite in
concentratiile cationilor sunt semnificative la Foo1 = 3,14.

CONCLUZIE

lonii de calciu, magneziu, potasiu, sodiu si alte
metale sunt legati de particulele de argila si de humus din
sol. Fortele de atractie electrostaticad dintre ionii metalici
incarcati pozitiv si particulele din sol incarcate negativ
sunt suficient de puternice pentru a mentine ionii metalici
in sol in ciuda infiltrarii apei in acesta.

Totusi, atunci cand ploaia acida patrunde in sol, ea
aduce ioni de hidrogen, care mobilizeaz& acesti importanti
nutrienti Tntr-un proces numit lixiviere: ionii metalici sunt
transportati mai adanc in subsol sau — dimpotriva — la
suprafata solului, nemaifiind disponibili pentru radacinile
plantelor, ceea ce este extrem de inconvenient Tntrucét
ionii de calciu sunt folositi in formarea celulelor, ca si in
procesul de transport al zaharidelor, apei si altor nutrienti
de la radacini spre frunze; ionii de magneziu au un rol
vital in fotosinteza si, de asemenea, in transportul
fosforului — care este important in producerea ADN-ului,
etc.; ionii de potasiu joaca si ei un rol in fotosinteza,
sinteza proteinelor, reglarea consumului de apa, activarea
unor enzyme specifice (peste saizeci), controlul bilantului
ionic; ionii de sodiu sunt si ei implicati Tn mentinerea
balantei ionice, dar si in toleranta la salinitate.

Cercetarea noastra conduce la concluzia ca, intr-
adevar, ploaia acida are un puternic impact asupra
solului, mobilizdnd cationi importanti pentru cresterea
plantelor, si anume Ca®*, Mg?*, K" si Na*.

Mai exact, s-a constatat ca, dintre cei patru ioni
metalici implicati in acest studiu, cel mai puternic proces
de lixiviere a fost suferit la pH = 2,5 de catre ionii de sodiu
(77% - de la 2,6 mmol/kg la 0,6 mmol/kg), urmati de ionii
de magneziu (46% - de la 7,29 mmol/kg la 3,94 mmol/kg)
si de cei de calciu (34% - de la 55,2 mmol/kg la 36,4
mmol/kg), ]n timp ce cel mai slab proces de lixiviere fiind
observat la ionii de potasiu (21% - de la 1,82 mmol/kg la
1,44 mmol/kg).
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AIRSCREW AS A STABILIZING DEVICE FOR SMALL AGGREGATES

/

MOBITPSIHUN MBUHT SIK CTABIII3YKOYUA IMPUCTPIA OJ151 MAJTOITABAPUTHUX
Al'PETrATIB

Usenko M.
Lutsk national technical university (Ukraine)
Tel: +38(0332)74-61-03; Fax: +38(0332)77-48-40; E-mail: rector@Ilutsk-ntu.com.ua

Abstract: Application of stabilizing device is grounded as
an airscrew (propeller) to the motoblock in aggregate with
an agricultural machine by the work on slopes is proved.
Graphic dependence of kinematics index of airscrew of
the angle of slope is presented. Necessary tractive force
and power of airscrew for stabilizing of direction of motion
of small aggregate by the work on slopes is defined.
Dependence of the force on operation of the unit - the
motoblock with a milling cutter - of an angle of a slope with
the stabilizing device and without it is experimentally
defined.

Keywords: propeller, small aggregate, slope, force,
power.
INTRODUCTION

By execution of various operations with agricultural
aggregates there is a problem of stabilizing of direction
of motion of these aggregates on slopes, i. e. breach of
their course stability by motion in transversal direction
of slope.

This breach takes place as a result of lateral
deflection, slipping of aggregate, and also displacement of
particles of soil which an aggregate moves on.

By the work in such conditions it is necessary to set
on aggregate a stabilising device. If apply a small
technique on slopes, so because of less mass it slips less
in comparison with a big technique.

To such machines it is possible to apply stabilising
devices, which do not contact with soil and, accordingly,
does not destroy it and does not create additional tractive
resistance. Various workings organs, mainly disk, for work
of aggregates on slopes are used [4, 5, 7].

Theirs defect is a complication of construction and
breach of structure of soil, as for execution of the basic
function (stabilizing of direction of motion of aggregate on
slopes) they contacts with the soil.

Accordingly in scientific works [1, 2, 3, 6] in this
direction theoretical questions which are related with
stabilizing of motion of aggregate on slopes without use of
soil are not considered.

MATERIAL AND METHOD

In Lutsk national technical university a device for
prevention of slipping on the slopes of self-propelled
instruments on the base of motoblock is developed. It can
provide stabilizing of direction of motion of aggregate on
slopes to 12°.

On Fig. 1 the scheme of motoblock with this device and
with the ground milling cutter is represented. Device has a
reducer 3, which is fastened on supports of motoblock 4.
Reducer 3 consists of drive gear which is related hardly
with the driving shaft. With this gear is in gearing one or
the other driven gear.

Throwing into gear and dropping out of gear with
the drive gear each of driving gear, and also transfer
in neutral position (when both of driven gears are not
in gearing with the drive gear), carried out with a
lever.
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Pestome: ObrpyHmoeaHO 3acmocysaHHsi cmabinisyro4oeo
rpucmporo 'y euensdi MosimpsHo2o 2euHma (nporienep) 6o
MOmMOBIIOKy & agpe2ami 3 CiflbCbKO20CrI00apChKOK MalUUHO
npu pobomi Ha cxunax. [loOaHa aepachiyHa 3anexHicms
KIHeMamu4Ho20 oKa3HUKa MoeimpsiHo20 2euHmMa 6i0 Kyma
cxuny. BusHauyeHo HEOOXiOHy cunly mseu | rMomyxHicms
roeimpsiHoeo 28uHma Onisi  cmabinizauii  HarpsMKy — pyxy
MaroeabapumHo20 agpesamy rpu pobomi Ha cxunax.
EKcriepuMeHmarnsHO — 8U3HAYeHO  3aliexHicmb  cunu 1o
yripaeriiHHIO agpe2amom — MOMOBITOK 3 IPYHMOBOK ¢hpesoro —
8i0 Kyma cxurty 3 cmabiniyroHum rpucmpoem i 6e3 Hb020.

Knro4yoei cnoea: nponenep, manozabapumHuli acpesam,
cxurn, cuna, MomyHicme.

NMEPEOYMOBA

Mpn BUMKOHAHHI CiNbCLKOrOCNOAAPCHLKUMM  arperatamm
Pi3HOMaHITHMX oOnepauin Ha cxunax BUHUKaE npobnema
cTabinisauii HanpsMKy pyxy AdaHux arperatiB, To6TO
MOPYLLUEHHs1 TX KYpPCOBOI CTIMKOCTI Npu pyci B nornepeyHomy
HanpsIMKy CXury.

[aHe nopylieHHs BigbyBaeTbcsi BHAcNigok 60KOBOro
yBOAY, CMOB3aHHA arperaTty, a TakoX 3MiLLeHHS 4acTUHOK
€amoro I'pyHTy, MO SIKOMY pyXaeTbCcs arperart.

IMpm poboTi B Takx yMOBax Ha arperar HeobXiIHO BCTAHOBUTU
CTa0iMisytoui  MPUCTPIA.  FIKWLO  3acTocyBaTM  Ha  Cxwnax
MarorabapuTHy TeXHiKY, TO 4Yepe3 MeHWy Macy BOHA MeHL
NiOaETbCH CIOB3aHHIO B NOPIBHSHHI 3 BENMMKOrabapyTHOR TEXHIKOH.

[o TakMx MalMH MOXIMBO 3acTocyBaTu CTabiniyrodi
NpUCTPOI, $Ki HE KOHTaKTYIOTb 3 FPYHTOM i, BigmnoBigHO, He
PYViHYIOTb OrO | He CTBOPIOKOTb AOAATKOBOIO TSAFOBOIO OMopy.
BuvikopucToByOTb pisHOMaHITHI pobodyi opraHn, B OCHOBHOMY
AVCKOBI, Ansa poboTw arperatie Ha cxunax [4, 5, 7].

Ix Hemonik Ue cknaaHICTb KOHCTPYKLUii i NOpyLIEHHs!
CTPYKTYpPW [PYHTY, OCKiNbKM [ANS  BUKOHAHHSA  CBOET
OCHOBHOI pyHKUii (cTabinizauia HanpsamKy pyxy arperaty
Ha cxunax) BOHW KOHTaKTYylOTb 3 I'PYHTOM.

BignosigHo B HaykoBux npaugsx [1, 2, 3, 6] 3 gaHoro
HanpsiMKy He po3rMsHYTI TEOPeTWYHi MUTaHHS, Lo
noe’sizaHi 3 crtabinisauieto pyxy arperaty Ha cxunax 6e3
BMKOPUCTaHHS I'PYHTY.

MATEPIAN | METOOUKA

B Jlyubkomy HauioHanbHOMY TEXHIYHOMY YHiBEpCUTETI
po3pobneHnin NpucTpinn ansa 3anobiraHHA crnoB3aHHS Ha
cxunax camoxigHux 3Hapsigb Ha 6asi motobnoka. BiH
Moxe 3abe3neunTn ctabinisauito HanNpsIMKy pyxy arperaty
Ha cxunax go 12°.

Ha puc. 1 3o6paxeHa cxema MoTOOnoka 3 AaHUM
NpuCTpPoEM | 3 rpyHTOBOK bpesoto. [puctpin mae
peaykTop 3, SIKMI KPINUTLCSt Ha ornopax MoToGoka 4.
Oanuii pegyktop 3 ckmagaeTbCA 3 Bedyyoi LUECTEpHi, Lo
XOPCTKO 3B'si3aHa 3 Bedy4yvM Banom. 3 [aHOK LUECTEpPHEto
3HaxoaMTLCS B 3a4erneHHi oaHa abo apyra BeaeHa LIeCTepHSI.

BBepeHHs | BuBegeHHs B 3ayennieHHs 3 Bedy4oro
LLeCTepHEI0 KOXHOI 3 Be4eHMWX LLECTEepPHi, a TakoX nepesig
B HENTparnbHe NONoXeHHs (Kkonv obuasi BeAeHi WwecTepHi
He 3HaxXoOATbCA B 3ayenieHHi 3 Bedy4yol LUECTEPHELD),
3[iNCHIOETLCA BaXKenem.
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Fig. 1 — Scheme of motoblock with an airscrew with the ground milling cuter /
Cxema Momobrioka 3 MosimpsiHUM 28UHMOM 3 [PYHMOB00 (hpe30to
1 — airscrew / mosimpsiHuti esuHm; 2 — driven shaft / eedeHuli 8asn; 3 — reducer / pedykmop;
4 — motoblock / momobiiok; 5 — milling cutter / rpyHmosea ¢bpe3sa

Driving gears sits on a driven shaft 2, which
cantilever jut out in both sides of reducer 3. On both
cantilever parts of driven shaft 2 the airscrews (propellers)
1 are hardly fastened. The driving shaft is connected with
the handwheel of engine of motoblock 4.

Specification of unit. Function: soil processing on
slopes to 12°; Traction effort: 1 kN; Speed (km/h): | gear —
1.42-1.6, Il gear — 3.05, Il gear — 5.98, reverse gear —
1.71; Overall dimensions (mm): 2150x600x730-1420;
Mass: 140 kg; Capacity: 3.7 kw; Rated frequency of
revolution of a cranked shaft: 3500 rpm; Frequency of
revolution of PTO shaft: 780 rpm; Diameter of the screw:
0,5 m; Number of screws: 2; Gear ratio of a reducer of the
device: 0.5; Drive of screws: from a handwheel of a
cranked shaft.

This aggregate works so. By motion of aggregate
on an even surface the driven gears are powered-off
(are in neutral position) and airscrews 1 are not
revolved.

When an aggregate rides on a transversal slope, an
operator connect by a lever one of driven gears.
Airscrews 1 begin to be revolved, create a blast which
prevents to slipping (to breach of course stability) of
aggregate downward on a slope.

By reverse motion of aggregate or by the change
of location of slope in relation to it the operator by the
lever disconnect one and connect the other driving
gear, getting, thus, direction of rotation of airscrews 1
is needed and, accordingly, the current of air is
needed.

RESULTS

Will consider the work of device from the theoretical
point of view.

For the removal of lateral reactions which try to
displace an aggregate downward on a slope (to breach its
course stability) the stabilizing device is offered. It has a
basic working organ as two airscrews which create a
current of air.

Given current compensates the force which tries to
displace an aggregate downward on a slope. Will define
this force, and also force of current of air and necessary
power.

From Fig. 2 we have a force, which tries to displace
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BepneHi wecTtepHi cnasaTtb Ha BegeHOMy Bany 2, SKun
KOHCONbHO BMXOAWUTb No obuasa 6oku pegyktopa 3. Ha
060X KOHCONbHWX YacTUHaX BeOEHOro Bamna 2 XOPCTKO
3akpinneHi NoBiTpsiHi rBUHTU (Nponenepwu) 1. Begyumn Ban
3’eAHaHWIN 3 MaxOBUYKOM ABUryHa MOTOOMoKa 4.

TexHiyHa xapakTepucTuka arperaTy. [MpusHayeHHs:
06pOoBITOK I'pyHTY Ha cxmunax oo 12°; Tarose 3ycunns: 1
kH; LWeuakicte (km/rog): | nepepava 1,42-1,6, |l
nepegadva — 3,05, lll nepegava — 5,98, 3agHin xig — 1,71;
abapuTHi po3mipn (Mm): 2150x600x730-1420; Maca:
140 «r; MotyxHicte: 3,7 kBT; HomiHanbHa 4acToTa
obepTaHHa koniHdacTtoro Bana: 3500 x8™"; YacroTa
obepTaHHsa BBI1: 780 e OiameTp rBuHTa: 0,5 m; Yucno
rBuHTIB: 2; lNepegaTtodyHe 4MCro peaykTopa MNpUCTPOLO:
0,5; MNpuBoAg rBMHTIB: Bi4 MaxoBW4yKa KonNiH4acToro Bana.

OaHuin arperat npautoe Tak. [pu pyci arperaty no
piBHi1 NOBEPXHi BeAEHI LIECTEPHI BiaKMOYeHi (3HaxoaaTbes
B HEWTpanbHOMY MOJIOXEHHI) i MOBITPSHI rBUHTM 1 He
obepTaroTbes.

Konn arperat B'ixmpkae Ha nONepeyHuin Cxum,
onepaTop BMMKAe BaXeNem OAHY 3 BEAEHUX LLUECTEepPEHb.
MoBiTpsiHi rBUHTK 1 nounHaloTb 0bepTaTUCh, CTBOPHOOTL
NoTiK MOBITPS, sIKMIA 3anobirae CnoB3aHHI (MOPYLUEHHIO
KYPCOBOI CTIlKOCTi) arperaTty BHU3 MO CXuUIy.

lMpu 3BOpOTHOMY pyci arperaty uu npu  3MiHi
po3TallyBaHHS CXWiy BiHOCHO HLOrO OMepaTop BaXxenem
BUMWKAE OAHY | BMWKAE [Jpyry BeOEHY LWECTEpPHIo,
OTPUMYIOYM, TaKUM YMHOM, HEOOXigHUM  HanpsiMOK
obepTaHHA nNOBITpAHMX BUMHTIB 1 i, BignoBigHo,
HeobXigHWMIA HaNPSIMOK NMOTOKY MOBITPS.

PE3YINbTATU

PosrnsHemo po6oTy NpUCTPOO 3 TEOPETUHHOT TOYKM
30py.

[Ona ycyHeHHs1 GOKOBUX peakuili, WO HamarawTbCa
3MiCTUTK arperaTt BHM3 N0 Cxuny (MOpyLUMTU NOTO KypCOBY
CTIVKICTb) 3anponoHOBaHWi CcTabinidytoumn npucTpin. BiH
Ma€ OCHOBHMWI poboYmnii opraH y BUrnsaai 4BOX NOBITPSHNX
rBUHTIB, SIKi CTBOPIOKOTL NOTIK MNOBITPS.

[aHnin noTik KOMNeHcye cuny, WO HamaraeTbcs
3MiCTUTU arperat BHM3 MO cxuny. BusHaunmo paHy
cuny, a TakoX Cuiy MOTOKy MOBIiTps i HeoOXigHy
NOTYXHICTb.

3 pucyHKy 2 Maemo cuny, WO HamaraeTbCs 3MiCTUTK
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the aggregate M downward on the slope, mg-sina, where
m - mass of aggregate, a - angle of slope.

To force mg-sina counteracts the force, which by
formula is almost analogical to rolling friction force, i. e.
f-mg-cosa, where f - coefficient of deflection (f = 0.08) [ 3 ].
Force of displacement F.y of aggregate downward on a
slope equals to difference of two forces:

F,

mg sina
current of air/
NOTIK NOBITPA

=mg sin o — fmg cos

INMATEH - icultural

arperat M BHM3 no cxuny, mg-sina, goe m — maca
arperary, a — KyT CXuny.

Cuni mg-sina npoTuaie cuna, sika 3a opmyrnot
Malxe aHanoriyHa cuni TepTa KoYeHHsl, TobTo
f-mg-cosa, pe f — koedpiuieHt yBoay (f = 0,08) [ 3 1.
Cwuna 3wmiweHHs F,y arperaty BHM3 MO CXUNy LOPIBHIOE
pi3HWLi ABOX cuUn:

1)

mg cosa

Fig. 2 — Scheme of forces which operates on aggregate on a slope /
Cxema curn, wo ditomb Ha agpeeam Ha cxusi

To prevent to displacement of aggregate downward on
a slope, it is necessary to create force Fs, which is opposite
by direction and even by the value to force Fjy.

As for the decision of this task we offer a device as
two airscrews, so opposite to force Fi;uw here will be
tractive force Prs of airscrew, which is determined by the
formula:

Fs

aa

where as - coefficient of tractive force which depends of
the form of screw,
p - air density,
n - frequency of revolution of airscrew,
D - diameter of airscrew.
Take on optimum values of a;s = 0.8, p = 1.3 kg/m3,
D 0.5 m. Of the value of n depends value of
kinematics index A =wR/V = mnR/30V, or n =30AV/TTR,
where V - speed of movement of aggregate, R - radius
of airscrew.
Equating formulas (1) and (2), taking into account
P/2 (we have two airscrews) and, putting n, after certain
transformations will get:

= 0, o0 ° DY,

LLlo6 3anobirtu 3miweHHI0 arperaty BHU3 MO CXuUIy,
HeobXxigHO cTBOpUTU cuny Fs, NPOTUNEXHY 3a HanpsiMKOM
i piBHY 3a BENUYMHO0 cuni Fay.

Ockinbkn gns BUpIWEHHs  Uiel  3agadi  Hamu
3anponoHOBaHUWA MPUCTPIA Y BWUMMAAi ABOX MOBITPSHMX
FBMHTIB, TO NPOTUIEXHOK A0 cunu Fay TyT Oyae cuna tarm
Prs MOBITPSIHOTO IBUHTA, KA BM3HAYa€eTbCs 3a hOpMyroLo:

@

0e Ors — KOeILIEHT CUNn TArKU, WO 3anexuTb Big
dopmu reuHTa,

0 — rycTuHa noBiTps,

N — yactoTta 06epTaHHs NOBITPSAHOrO rBUHTA,

D — piameTp MOBITPSHOrO rBUHTA.

Mpuimaemo onTManbHi 3HayeHHs as = 0,8, p =
1,3 KF/M3, D = 0,5 M. Big 3HauyeHHs1 n 3anexmnTb 3Ha4YeHHs
KiHemMaTuyHoro nokasHuka A =wR/V = mnR/30V, a6o n
30AV/TR, pe V — wBuakictb pyxy arperaty, R — pagiyc
MOBITPSAHOrO rBUHTA.

MpupisHiotoun cbopmynu (1) i (2), 3 BpaxyBaHHAM Prg/2
(MaeMo ABa MOBITPSIHUX FBUMHTK) i, NiACTaBRsAOYM N, Nicns
NeBHUX NEPETBOPEHL OTPMMAEMO:

mg (sin @ — f cos )

7000V *R?

We accept the most optimum for all small aggregates
speed of movement V = 0.4 m/s.

Graph of dependence A of a for small aggregates with
different mass given on Fig. 3. This dependence has
curvilinear character.

Most interest for the case examined here have a
small aggregates as a motoblock with agricultural
instruments (ground milling cutter) by mass approximately
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©)

MpuiMaemo  Hambinbw  onTMManbHy AnNs  BCiX
manorabaputHux arperartiB WBKUAKICTb pyxy V = 0,4 m/c.

Mpagik 3anexHocTi A Big a ana manorabapuTHUX
arperaTiB 3 pi3HOKO Macol nogaHwn Ha pwuc. 3. [aHa
3anexHiCTb Ma€e KpMBOSiHIMHUIA XapakTep.

HanbGinbwmin  iHTepec AnNs  po3rnsgyBaHoOro  TyT
BUMNagKy MawTb ManorabaputHi arperatu y Burnagi
MOTOGMOKa 3  CiNbCbKOrOCMOAAPCbKUM  3HApAAAsM
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of 150 kg and 100 kg.

By the work on slopes with steepness of 10° it is
necessary to set for these aggregates acceptable from the
technical point of view A, accordingly A= 4.7 and A = 3.8.

INMATEH - icultural

('pyHTOBa bpesa) macoto npmbnmaHo 150 kri 100 «r.

Mpu poboTi Ha cxunax kpyTicTio 10° gaHum arperatam
HeobXigHO 3a4aTu NPUNHATHE 3 TEXHIYHOI TOYKM 30py A,
BignoBiaHO A= 4,7 i A= 3,8.

’

3 4

O

N 9 10 I

Fig. 3 — Graph of dependence of kinematics parameter A of the steepness of slope a by different mass m (kg) of small aggregate/
Ipagpik 3anexxHocmi KiHeMamu4Ho20 napamempa A 8id Kpymocmi cxusy a npu pisHit maci m (ke) manozabapumHozo agpezamy

Will define power N, which is consumption on the
rotation of airscrew, by the formula:

N = f,,n°D°,

where B - power-factor (=1).

For a = 12° and n = 1500 rpm, we get N = 770 W =
0.8 kW. For two airscrews we have 2:N = 1.6 kW. For
example, power of the known motoblock «Artaniya» is
3.7 kW, i. e. remains approximately 2 kW, that is
sufficient for conduct of certain operation (for example,
cultivating).

The great value has definition of physical force which
expends the operator for achievement of course stability of
the unit - motoblock with a milling cutter - with the
stabilizing device and without it.

On fig. 4 dependence of value of force which expends
the operator on operation of the unit are presented.

The analysis of graphs shows that by increase of a
slope the force which try to displace the unit downhill
increases and therefore the operator, who operates the
unit, must increase also the force value on control handles
of the motoblock.

By work of the unit without the stabilizing device on
a slope of steepness to 12° operator must expends the
force to 100 N, that is impermissible in accordance with
safety precautions. Increase of the force with increase
of the steepness of a slope is caused by the natural
reasons as with increase of slope the cross component
of mass of the unit which try to displace it downhill
increases also.

Reduction of necessary force of operator is
observed by work of the unit with the stabilizing
device.

The given device allows to stabilize a movement
direction and to raise stability of the unit on slopes, and
also to correct this direction in case of its breaking.

Therefore the greatest force of operator,
approximately of 40 N, which is applied only on slopes of
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BusHaunmo noTyxkHicTe N, WO BUTpayaeTbCa Ha
obepTaHHSA NOBITPAHOIO rBUHTA, 32 (DOPMYIIOHD:

(4)

ae Brs — koediLlieHT noTyXHocTi (=1).

Ona a=12°in=1500 XB’l, otpumyemo N = 770 Bt =
0,8 kBt. [Ons ABOX NOBITPAHMX MBUHTIB Maemo 2-N
1,6 kBT. Hanpuknag, noTyxHiCTb BiZOMOro MoTobroka
«ApTaHus» cTtaHoButb 3,7 kBT, TOOTO 3anuwaertbcA
npubnusHo 2 kBT, Wo € poctaTHIM Ans NpoBeAeHHs
neBHOI onepaLii (Hanpuknag, KynbTueaLis).

Baxnnee 3Ha4eHHA Mae BU3HAYEHHSA Di3NYHOI cunu,
AKy npuknagae onepatop ANs LOCSArHEHHS KypcOBOi
CTINKOCTi arperaty - MOTODGNOK 3 I'PyHTOBOK (Ppes3oto — 3
cTabinisyroumMm npucTpoem i 6e3 HLOro.

Ha puc. 4 nopgaHi 3anexHOCTi BENUYMHU CUNK, SIKY
npuKragae onepaTtop Mo ynpaeiHHIO arperaTtom.

AHani3a rpacpikiB nokasye, wo npu 36inbLIEHHi KyTa
CXWny cuna, Lo HamaraeTbCsl 3MICTUTU arperat BHM3 MO
cxuny, 36inbllyeTbCA | TOMy onepaTopy, WO Ynpaensie
arperaTtom, [OBOOUTLCH TaKoX 36inMbllyBaTV BENUYUHY
CWINK Ha pyKosiTKax ynpaeniHHA MOTobnoka.

Mpu pobGoTi arperaty 6e3 HasABHOCTI cTabini3yt4oro
NPUCTPOKD Ha CXuni KpyTUsHOW [0 12° onepaTopy
goBoauTbcs  npuknagatm  cuny go 100 H, wo
HeJoMyCTUMO 3rigHO TeXHikn 6e3nekn. 36inbleHHsT cunn 3
30iNbLUEHHsIM  KPYTOCTi CXMIY BWKIIMKAHO MNPUPOAHUMMU
npuyMHaMu, OCKINbKM 3 3BiNblUEHHAM CXuny 3pocTae
Takoxx OOKOBa cknagoBa Macu arperaTy, sika HamaraeTbes
3MICTUTM NOrO BHWU3 NO CXUNY.

3MeHLWeHHSA HeobxigHoi cunm oneparopa
crnocTepiraeTbCsl Npu poboTi arperaty 3 crabinisyoumm
NPUCTPOEM.

Oanui npucTpii gossonse crabinidyBaTtu HanpsMOK
pyxy i niaBAWMTK CTINKICTb arperaTy Ha Cxunax, a TakoX
KOpeKTyBaTV Leln HanpsiMOK Y pasi Moro nopyLUEHHS.

Tomy Hanbinbwa cuna onepartopa, npubnusHo 40 H,
o Mae Mmicue nuwe Ha cxuni 12°, HeobxigHa TiNbku B
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12°, is necessary in certain cases only.

At the same time the force, approximately of 100 N, by
work without the stabilizing device it is necessary to apply
often and it can't be exchanged with anything.

L1

40

Fig. 4 — Graph of dependence of the force T on operation of the unit
- motoblock with a milling cutter - of an angle of a slope a: 1 - with
stabilizing device; 2 — without stabilizing device/

Ipacpik 3anexHocmi cunu T 1o ynpassiHHI0 azpea2amom —
MomobriokK 3 IpyHMoe8or ghpe3oro — 8id kyma cxuny a: 1 — 3
cmabinisytoqum npucmpoem; 2 — 6e3 cmabinizyto4o20 npucmMporo

CONCLUSIONS

Resulted higher analysis of work of stabilizing device
with propellers to the motoblock by work on slopes allows
to define a kinematics index, necessary tractive force and
power of airscrew for prevention of slipping of small
aggregate by work on slopes, dependence of the force
on operation of the unit - the motoblock with a milling
cutter - of an angle of a slope with stabilizing device and
without it.

The method of calculation is conducted can be
used as a separate method for calculations and as
basis for subsequent researches of work of all
aggregate.
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NeBHWX BUNaaKax.
B To1 xe vac, cuny onepatopa, npudnmsHo B 100 H,

npu poboTi 6e3 crabinidytoyoro npucTpor HeobxigHO

3aCTOCOBYBATM YaCTO i Tl HE MOXHA HIiYMM 3aMiHUTK.

Fig. 5 — Motoblock with an airscrew with a milling cutter /
Momobrok 3 nog8impsiHuUM 28UHMOM 3 [PYHMOB0I0 hpPE30t0

BUCHOBKU

HaBepeHnun Buwe aHania poboTu cTabinidyt4doro
npornenepHoro NpucTpor Ao MoTobroka npu poboTi Ha
CXunax [JO3BOMSIE BU3HAYUTU KiIHEMATMYHWUA MOKa3HWK,
HeoOXigHy cuny TAMM i NOTYXKHICTb NOBITPSIHOrO rBUHTA ANst
3anobiraHHA CnoB3aHHA ManorabapuTHOro arperaty npu
poboTi Ha cxunax, 3anexHiCTb CUAM NO  YNpaBriHHIO
arperatom — mMoOTO6GMNOK 3 I'PyHTOBOIO (hpes3oio — Bif KyTa
cxuny 3 cTabiniayrounm npucTpoem i 6e3 Hboro.

MNpvBegeHa wMeToAMKa po3paxyHKy Moxe OyTu
BMKOpUCTaHa $IK OKpema MeToAauka AnA NpoBeAeHHs
po3paxyHKiB i SIK OcHOBa ANs ModanbluMx [OCAiOXEeHb
po6oTu BCcbOro arperaty.
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METHOD OF ESTIMATING THE SOIL RESISTANCE FORCE TO SOIL WORKING MACHINE
PARTS WITH APPLICATIONS TO THE OPTIMIZATION OF WORKING REGIMES OF
MACHINES USED IN HORTICULTURE

/

METODA DE ESTIMARE A FORTEI DE REZISTENTA OPUSE DE SOL ACTIUNII
ORGANELOR DE LUCRU ALE MASINILOR DE LUCRAT SOLUL CU APLICATII IN
OPIMIZAREA REGIMURILOR DE LUCRU ALE MASINILOR FOLOSITE IN HORTICULTURA

Ph.D. Stud. Eng. Nagy M.”, Mat. Cardei P.”, Ph.D. Stud. Eng. Cota C.", Ph.D.Eng. Fechete L.?

YINMA Bucharest- Cluj Napoca branch, ATechnical University Cluj-Napoca
Tel/fax: 0264-418162, nagy@inma.ro

Abstract: The paper proposes a method of calculation of
soil resistance force under the action of working parts of
soil working machine, but also other machines performing
particular soil operations. In order to substantiate this
method, the authors use an idea shown in [1], where,
such a method is exposed. The fundamental modification
proposed by this paper consists in the method of
calculation, which replaces the statistic relations and
abstract interpolation for a realistic interpolation by a clear
physical interpretation, using the method of the least
squares.

Although it has been exemplified for a classic shape
working part (tool of ridge performing machine MB4),
the method can be applied also to esimating and
optimizing analysis of working parts of certain digging
machines or working parts of equipment of seedlings
extracting from orchards,or, in general for agricultural
machines designed to horticulture works (machines for
superficially loosening the soil with elastic arrow type
parts; machines with rotative parts for weeds
mechanical control, machines for perfoming ridges for
protecting shrubs against cold), obviously with little
modificatiions of fixing devices on testing bench.

Keywords: resistance force,soil working parts, machines
designed to horticulture

INTRODUCTION

In [5] was presented a method of estimating the
resistance force of soil working machines parts and
optimizing their working regime. The above method
uses a calculation exclusively based on mathematical
statistics, interpolating the experimental data in order
to obtain a minimum of resistance force.

The authors of this article have proposed, besides
the modification of the calculation method the extending
of this method use to classical parts of soil working
machines in greenhouses and horticultural growing
plantations and even to certain machine parts designed
to particular operations in horticulture.

At a higher level, the tests can be useful for preparing
and calibrating some working parts with which solil
compacting maps in grennhouses and horticulture can be
drawn up.[10].

The same stand can be used to assess the effects of
vibration generated by the working bodies of the tillage
machines to work the soil and displacement speed regime [4].

MATERIALS AND METHOD

In order to perform this study objective, namely-
formulating a theoretical result starting from empirical
numerical data, based on an acknowledged formula,
result that can be used at improving soil working
machines regime, we have started with the general
formulation of forward resistance opposed to soil working
machines.
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Rezumat: Lucrarea propune o metoda de calcul a fortei
de rezistenta a solului la actiunea organelor de lucru ale
unor masini de lucrat solul dar si ale unor masgini care
efectueazd operatiuni  speciale in sol. Pentru
fundamentarea metodei autorii folosesc o idee expusa in
[1], unde de asemenea este expuséd o asemenea metoda.
Modificarea fundamentala propusa in aceasta lucrare
consta in modul de calcul, care inlocuieste relatiile
statistice si interpolarea abstracta pentru o interpolare
realista pe o forma cu interpretare fizica clard, folosind
metoda celor mai mici péatrate.

Desi exemplificatd pentru un organ de lucru de forma
clasica (scula maginii de bilonat MB-4), metoda se poate
aplica si la analiza estimativa si de optimizare pentru
organe de lucru ale unor masini de sépat gropi sau a unor
organe de lucru de pe dispozitive de extras puiefi din
livezi, sau, in general pentru magini agricole destinate
lucrarilor in  horticulturd (masini pentru afanarea
superficiala a solului cu organe de lucru tip sageata
elastica, masini cu organe de lucru rotative pentru
combaterea mecanica a buruienilor, masini pentru
realizarea musuroirii arbustilor sensibili la frig). Evident, cu mici
modificari ale dispozitivelor de prindere in standul de testare.

Cuvinte cheie: forta de rezistenta, organe de lucrat solul,
masini destinate horticulturii

INTRODUCERE

In [5] s-a expus o0 metoda de estimare a fortei de
rezistenta a organelor de lucru ale masinilor de lucrat
solul si de optimizare a regimului de lucru al acestora.
Metoda foloseste un mod de calcul bazat exclusiv pe
statistica matematica, interpoland datele experimentale
pentru a obtine un eventual minim al fortei de rezistenta.

Autorii acestui articol propun, pe langa schimbarea
metodei de calcul si extinderea utilizarii metodei pentru
organe de lucru clasice folosite la maginile de lucrat solul
in sere si pepiniere horticole si chiar la organe de lucru
ale unor masini care sunt destinate unor operatiuni
speciale, caracteristice culturilor horticole.

La un nivel superior, testele pe stand pot servi la
pregatirea si calibrarea unor organe de lucru cu ajutorul
carora se pot intocmi harti ale starii de compactare a
solului in plantatii horticole si sere, [10].

Acelasi stand se poate folosi pentru evaluarea efectelor
de vibratie generate de organele de lucru ale maginilor de
lucrat solul si de regimul de viteze de deplasare [4].

MATERIALE $| METODA

Pentru a atinge obiectivul acestui studiu — formularea
unui rezultat teoretic plecand de la date numerice de
natura empirica grefate pe o formula teoretica consacrata,
rezultat care sa poata fi folosit la imbunatatirea regimului
de lucru al masinilor de lucrat solul in horticultura, am
plecat de la cadrul general al problemei formularii
rezistentei la Tnaintare opusa masinilor de lucrat solul.
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The physical dimensions involved in the mathematical
model are shown in table 1. In [3], for calculating the plough
resistance at traction it should begin with the formula:

Marimile fizice implicate Tn modelul matematic sunt date
in tabelul 1. In [3], pentru calculul rezistentei la tractiune a
plugului se pleaca de la formula:

Table 1/Tabelul 1

Parametres or physical dimensions involved in mathematical model / Parametrii sau marimile fizice implicate in
modelul matematic.

Den. Denomination / Denumirea Notation / Measuring unit /
No./Nr. Notatia Unitatea de masura
Coefficient characterizing the soil specific resistance to stress/ 2
1 - . . i : k N/m
Coeficient care caracterizeaza rezistenta specificd la deformare a solului
5 Coefficient depending on the surface form and soil properties / ¢ Kg/m3
Coeficient care depinde de forma suprafetei si de proprietatile solului
3 Working depth / Adancimea de lucru a m
4 Working width / Ldtimea de lucru b m
5 Working speed / Viteza de lucru v m/s
Area of normal projection on the displacement direction of working
6 part active surface / Aria proiectiei normale pe directia de A m?
deplasare a suprafetei active a organului de lucru
7 Adjusting angle / Unghiul de reglaj Jii Radians / radiani
8 Part entering angle / Unghiul de atac al organului o Radians / radiani
Angle between the support and working part element / . -
9 Unghiul dintre partea Eﬁpon‘ si partea c?e%ucru a organului 7 Radians / radiani
10 Coefficient of friction steel-soil / Coeficient de frecare ofel - sol f -
11 Machine weight / Greutatea masinii G N
12 Length of working part active element / |
. L Db . m
Lungimea partii active a organului de lucru
R = fG + kab + gabv? (1)

In formula (1), according to [3], a and b are
represented the dimensions of furrow sections. Taking into
account the fact that the working part is symetric to the
plan perpendicular to normal plan of displacement
direction (fig.1), instead of ab product, the area of entering
section can be introduced, including the working depth, the
working width and entering angle, subsequently expressed
by the adjusting angle between the support element and
active element of working part:

A=Ibsinx =Ibsin

S
L3

in formula (1), dupa [3], a si b reprezintd dimensiunile
sectiunilor brazdei. Tindnd seama ca se lucreazd cu un
organ de lucru cu simetrie fatd de planul perpendicular pe
planul normal la directia de deplasare (fig. 1), in loc de
produsul ab, se poate introduce aria sectiunii de atac, care
include adancimea de lucru, latimea de lucru si unghiul de
atac, exprimat ulterior prin unghiul de reglaj si unghiul
dintre partea de suport si partea activa a organului de
lucru:

_r 2
[ﬂ+7/ 2) @

Fig. 1 - Working scheme of bench designed to obtain the numerical data, scheme and picture of working part /
Schema de lucru a standului folosit pentru obtinerea datelor numerice, schema gi fotografia organului de lucru:
1 — data acquisition system/sistem achizitie date, 2-vertical driving shaft/ arbore de antrenare vertical, 3 —tool port/ portsculd,
4 —driving cross/ cruce de antrenare, 5 —force transducer / traductor de forta.

RESULTS

The tests performed on the bench in figure 1 with the tool
of machine for performing ridges MB4 as working part
have resulted in values shown in tables 2 and 3. In
experimental tests, the working depth a, and entering
angle a through the agency adjusting angle 8, as well as
the working speed v were varied.

The first statistic processings have emphasized
unexpected aspects. The correlation between the row of
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REZULTATE

Experimentele sau testele efectuate pe standul din fig. 1,
cu scula masinii de bilonat MB-4 pe post de organ de lucru
a condus la o serie de rezultate care apar in tabelele 2 si
3. In testele experimentale s-au variat adancimea de lucru,
a, unghiul de atac, «, prin intermediul unghiului de reglaj,
S, precum gi viteza de lucru, v.

Primele prelucrari statistice pun in evidentd aspecte
asteptate. Corelatia dintre sirul fortelor masurate si
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measured forces and relevant working depth has a great
value, 0.933; therefore the resistance force mostly
depends on the working depth. But, the resistance force
can not be correlated very well with the enetering angle
(the value of correlation between the resistance force and
whatever of these angles is 0f-0.158). Although the
number of working speed performed is small and it is not
necessary to consider the relation between force and
speed, a forced calculation shows that these dimensions,
at least for these small values of displacement speed are
not correlated.

The graphical image of working depth dependance on
adjusting angle (fig.2 a) shows a maximum of 20° for
working speed. For each mechanical adjustment (holes 2,
3 or 4), the curve of working depth depending on adjusting
angle has practically the same form. This result was
expected to be obtained, because the bound between the
two phenomena is mechanically determined (the bench
mechanism).

INMATEH - icultural

adancimile de lucru corespunzatoare are o valoare foarte
mare, 0,933, prin urmare forta de rezistenta este puternic
dependentd de adancimea de lucru. Tn schimb forta de
rezistenta nu pare a fi corelata foarte bine cu unghiul de
reglaj, respectiv cu unghiul de atac (valoarea corelatiei
dintre forta de rezistentd si oricare dintre aceste doud
unghiuri este -0,158). Desi numarul vitezelor de lucru
realizate este mic si nu are sens sa consideram corelatia
dintre forta si viteza, totusi un calcul fortat aratd ca aceste
marimi, cel putin pentru aceste viteze mici ale vitezei de
deplasare, nu sunt corelate.

Reprezentarea grafica a dependentei adancimii de lucru
de unghiul de reglaj (fig. 2, a) arata ca aceasta are undeva
n jurul valorii de 20°, un maximum. Pentru fiecare reglaj
mecanic (gaurile 2, 3 sau 4), curba de dependentd a
adancimii de lucru de unghiul de reglaj are practic aceeasi
forma. Acest rezultat era asteptat deoarece legatura intre
cele doua fenomene este determinatd mecanic
(mecanismul standului).

Table2 / Tabelul 2

Force in N measured at the sensor, for speed v=0.43 m/s /
Fortain N m&suratd la senzor, pentru viteza vi= 0,43 m/s

Set of mesurements/Set | masuratori

B =0° B =20° B =40° B =60°
Maximum depth( the 2-nd upper hole of the 305 352 350 151
tool port) / Adéncimea maxima (the 2-a ~ — ~ _
gaura de sus de pe port scula) a=170mm a=200mm a=180mm a=130mm
Average depth (the 3-rd upper hole) / 159 196 150 49
Adéancime medie( a3-a gaura de sus) a=120mm a=150mm a=130mm a=80mm
Minimum depth (the 4-th upper hole) / 53 74 52.5 20.4
Adancime minima (a4-a gaura de sus) a=70mm a=100mm a=80mm a=30mm
Set of measurements Il / Set Il masuratori
Maximum depth (a 2-a upper hole of the tool 229 361 365 158
port) / Adancime maxima (a 2-a gaura de
sus de pe port scula) a=170mm a=200mm a=180mm a=130mm
Average depth (the 3-rd upper hole) / 89 133 147 48
Adancime medie (a 3-a gauré de sus) a=120mm a=150mm a=130mm a=80mm
Minimum depth(the 4-th upper hole) / 32 53 43 7.4
Adéancime minima (a 4-a gaura de sus) a=70mm a=100mm a=80mm a=30mm

Force in N measured at the sensor, for speed v,=0.51m/s /
Fortain N masuratd la senzor, pentru viteza v,= 0.51 m/s

Table 3/ Tabelul 3

Set | of measurements / Set | masuratori

g =0° B =20° B =40° B =60°
Maximum depth (the 2-nd upper hole of the 250 370 410 200
tool port) / Adancime maxima (a 2-a gaurad
de sus de pe port scula) a=170mm a=200mm a=180mm a=130mm
Average depth (the 3-rd upper hole) / 89 165 164 68
Adancime medie(a 3-a gaura de sus) a=120mm a=150mm a=130mm a=80mm
Minimum depth (the 4-th upper hole) / 48.8 61 55 9.6
Adéancime minimé(a 4-a gaura de sus) a=70mm a=100mm a=80mm a=30mm
Set Il of measurements / Set Il masuratori
Maximum depth (the 2-nd upper hole of the 220 340 365 157
tool port) / Addncime maxima (a 2-a gaura _ _ _ _
de sus de pe port scula) a=170mm a=200mm a=180mm a=130mm
Average depth (the 3-rd upper hole) / 88.2 148 158 50
Adéancime medie(a 3-a gaura de sus) a=120mm a=150mm a=130mm a=80mm
Minimum depth (the 4-th upper hole / 25 58 48 9.5
Adancime minima (a 4-a gaura de sus) a=70mm a=100mm a=80mm a=30mm

29




Vol. 35, No.3/2011

INMATEH - icultural

Unghwl ae regis), £ rade

w—aiire 3, ibeza 1 gearn A, vt 1

— e 3, wttece 2 s 4 vitezs

b

Fig. 2 - Variation of working depth and average resistance force according to adjusting angle /
Variatia cu unghiul de reglaj, a adancimii de lucru si fortei medii de rezistenta

Fig. 3 - Variation of resistance force along with working depth for the two working speeds performed /
Variatia fortei de rezistenta cu addncimea de lucru, pentru cele doué viteze de lucru realizate.

As the entering angle, «, is related to the adjustment
angle g, through a linear relation, (2), the dependence of
working depth and resistance force are of the same type
and lead to the same conclusions, except a translation of
38°. Therefore, it results that the maximum of the
resistance force is not dtermined by the soil properties or
entering angle, but by the increasing of working part active
surface, respectively the working depth. An other important
conclusion is that referring to maximum values of
resistance force which do not appear all at the same
adjusting angle (entering angle), but are clearly shifted (fig.
2, b). One can notice that the working speed produces little
but visible effects, even the translation of maximum points.
The direct variation of resistance force according to
working depth, for the two speeds performed represented
graphically in fig. 3, shows that the resistance force
increases along with the working depth, even though there
are small points where extreme conditions (insignificant)
could be obtained. On the other hand, we can notice that
the speed difference is insignificant. We can see that the
working depth and the force of resistance are very well
corellated.

In order to estimate the working part resistance force to
soil, the authors propose a classic soil resitance to
deformation, based on the method descibed in [5],
proposed by Goreacikin, according to [3] or [2], the formula
parameters being explained in table 1.

R = kA+gAv?

We have eliminated the term of formula [3], given by the
plough weight and friction in supporting points, aspects
which do not appear when simulating on bench. The
experimental data obtained on the testing bench described
in [5] for rather a simple working part, but with a large
application area, are given in tables 2 and 3. These
experimental data are used to determine the model
constants, k and & Controling strictly the geometrical
characteristics (working depth and width and the angle of
clearance of setting angle, depending on the relevant part
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Deoarece unghiul de atac, ¢, este legat de unghiul de
reglaj g, printr-o relatie liniara, (2), dependenta adancimii
de lucru gi a fortei de rezistentd de unghiul de atac este de
acelasi tip si conduce la aceleasi concluzii, abstractie
facand de o translatie de 38°. Ca o concluzie importanta
rezultd ca maximumul fortei de rezistentd nu este
determinat de proprietatile solului sau de unghiul de atac,
ci de cresterea suprafetei active a organului de lucru,
respectiv a adancimii de lucru. O alta concluzie interesanta
este aceea ca maximele fortei de rezistenta apar nu toate
la acelasi unghi de reglaj (atac) ci sunt clar decalate (fig. 2,
b). Se observa ca viteza de lucru produce efecte mici, dar
vizibile, chiar translatarea punctelor de maximum. Variatia
directa a fortei de rezistenta cu adancimea de lucru, pentru
cele doua viteze de lucru realizate, reprezentata grafic in
fig. 3, arata ca forta de rezistenta creste cu adancimea de
lucru, chiar daca existd mici puncte in care aparent s-ar
realiza conditii de extremum (nesemnificative). Pe de alta
parte se observa ca diferenta de Vviteza este
nesemnificativa. Se poate constata ca adancimea de lucru
si forta de rezistentd sunt foarte bine corelate si pe
aceasta cale.

Pentru estimarea fortei de rezistentd opusa de sol
organului de lucru, autorii propun, pe scheletul metodei
descrise in [5], o formula clasica de rezistenta la deformare a
solului , formula propusa de Goreacikin, conform, de exemplu
cu [3] sau [2], parametrii formulei fiind explicitati in tabelul 1.

3)
Am eliminat termenul formulei din [3], dat de greutatea
plugului si frecarea in punctele de sprijin, aspecte care la
simularea pe stand nu apar. Datele experimentale obtinute
pe standul de testare descris in [5] pentru un organ de
lucru destul de simplu dar de o mare generalitate ca sfera
de aplicatie, sunt date in tabelele 2 si 3. Aceste date
experimentale sunt folosite Tn scopul determinarii
constantelor de model, k si s Controland strict
caracteristicile geometrice (adancimea si latimea de lucru
si unghiul de asezare sau atac, dupa felul organului), se
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type), the area of normal protection is strictly controled on
the machine forward direction, and the driving speed is
also monitored.

By means of these data, using the least squares method, we
can determine the constants k and £ minimizing the functional:

F (ke)=>

i=1

For formula (3) and functional (4), using the experimental
data from tables 2 and 3, a negative value is obtained for
¢ ,which has not a physical sense, so that taking in
consideration the second term in formula (3), at least for
the small values of working speed performed, is not
advised. Therefore, we renounce to this term too and keep
only the term given by the soil deformation resistance. In
this case, it is obtained k= 106225 N/m?. This value frames
within the values range of the coefficient given by [3], [9] or
[2]. We even tried the complete formula of Goreacikin,
which contains also the term of friction. Like the first
variant, this one led to negative values both for coefficient
g and coefficient of friction, which has no physiacl
meaning.

In conclusion, the best approximating formula, based on
many decennies of experience in calculation of resistance
at soil working machines is (3) reduced at the form:

R =kab=klbsina

RESULTS

As the entering angle, ¢, related to the the
adjustment angle B, by a linear relation, (2),
dependence of working depth and resistance force on
the entering angle are of the same type and lead to the
same conclusions, leaving aside a translation of 38°.

As an important conclusion, it results that the
maximum of resistance force is not determined by the
soil properties or the entering angle, but by the
increasing of active surface of working part,
respectively the working depth. At the same time, the
maximum values of resistance force do not appear all
at the same adjustment angle (entering angle), but are
clearly staggered.(fig. 2, b). It can be noticed that the
working speed produces small but visible effects, even
the translation of maximum points. The direct variation of
resistance force along with working depth, for the two
working speeds performed, graphically represented in fig.
3, shows that the force of resistance increases along with
working depth, even though there are certain points where
extremum (not significant) conditions could be performed./
On the other hand, the difference of speed is not
important. It can be found that working depth and
resistance force are very well corellated, this way.

is

CONCLUSITIONS

The estimation of model parameters for a working part
using the tesing bench in fig. 1, allows to assess their
performances in different types of soils with different
compaction levels and humidity degrees. This way, the
optimization of working regimes of soil working machines
endowed with different working parts can be tested.
Viewing the bench size, should be tested especially the
working parts designed to greenhouse, vegetable or
horticulture works.

The working speed, at least at the performed
values, has an insignificant importance for the
resistance force. For emphasizing the component
depending on the displacement speed of resistance
force it should perform big working speeds, over 4 — 5
m/s. For the starting investments it is recommended to
use a sandy soil in order to emphasize the component
above.

N
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controleaza strict aria proiectiei normale pe directia de
fnaintare a masinii, iar viteza de inaintare este, de
asemenea strict controlata.

Cu aceste date, folosind metoda celor mai mici patrate,
se determina constantele k si ¢ minimizand functionala:

(4)

kS + ESiVZ —FK

Pentru formula (3) si functionala (4), folosind datele
experimentale din tabelele 2 gi 3, se obtine pentru € o
valoare negativa, ceea ce nu are sens fizic, astfel incat
considerarea termenului al doilea in formula (3), cel putin
la valorile mici ale vitezei de lucru realizate, nu este
indicata. Pentru acest motiv, se renunta si la acest termen
si ramane numai termenul dat de rezistenta la deformare a
solului. in acest caz se obtine k= 106225 N/m”. Aceasti
valoare se incadreaza in intervalul de valori al acestui
coeficient dat de [3], [9] sau [2]. Am Tincercat chiar si
formula completa a Iui Goreacikin, care contine si termenul
de frecare. Ca si prima varianta acesta a condus la valori
negative atat pentru coeficientul ¢, cat si pentru coeficientul
de frecare, ceea ce nu are semnificatie fizica.

Ca urmare, cea mai buna formula de aproximare, cu suport
fizic bazat pe experienta de multe decenii in calculul
rezistentei la masinile de lucrat solul, este (3) redusa la forma:

(®)

REZULTATE

Deoarece unghiul de atac, «, este legat de unghiul de
reglaj g, printr-o relatie liniara, (2), dependenta adancimii
de lucru si a fortei de rezistenta de unghiul de atac este de
acelasi tip si conduce la aceleasi concluzii, abstractie
facand de o translatie de 38°.

Ca o concluzie importanta rezultd ca maximumul fortei
de rezistenta nu este determinat de proprietatile solului
sau de unghiul de atac, ci de cresterea suprafetei active
a organului de lucru, respectiv a adancimii de lucru. O
altéd concluzie interesanta este aceea ca maximele fortei
de rezistenta apar nu toate la acelasi unghi de reglaj
(atac) ci sunt clar decalate (fig. 2, b). Se observa ca
viteza de lucru produce efecte mici, dar vizibile, chiar
translatarea punctelor de maximum. Variatia directd a
fortei de rezistentd cu adancimea de lucru, pentru cele
doua viteze de lucru realizate, reprezentata grafic in fig.
3, arata ca forta de rezistentd creste cu adancimea de
lucru, chiar daca exista mici puncte in care aparent s-ar
realiza conditii de extremum (nesemnificative). Pe de alta
parte se observa ca diferenta de vitezd este
nesemnificativd. Se poate constata cd adancimea de
lucru si forta de rezistenta sunt foarte bine corelate si pe
aceasta cale.

CONCLUzII

Estimarea parametrilor de model pentru un organ de
lucru, folosind standul de testare din fig. 1, permite
evaluarea performantelor acestora in diverse tipuri de sol cu
diferite grade de compactare si la diferite umiditati. Se poate
incerca pe aceastd cale optimizarea sau imbunatatirea
regimurilor de lucru ale maginilor de lucrat solul echipate cu
diverse organe de lucru. Datoritd capacitatii standului se
recomanda in mod deosebit acele organe de lucru
destinate lucrarilor in sere, legumicultura sau horticultura.

Viteza de lucru, cel putin la valorile realizate, are o
importantd nesemnificativa pentru forta de rezistenta.
Pentru a pune eventual n evidentd componenta dependenta
de viteza de deplasare a fortei de rezistenta, este necesara
realizare unor viteze de lucru mari, peste 4 — 5 m/s. Pentru
investigatii de inceput se recomanda folosirea unui sol nisipos
sau foarte usor in scopul punerii in evidenta a componentei
dependenta de viteza de deplasare a fortei de rezistenta.
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We must take into account that the resistance force
determined is an upper limit per working part, namely that,
if a soil working machine uses many working parts of the
same type, placed differently, the soil deformation
resistance coefficient will decrease.

The resistance force dependence on the working depth
or entering angle are interdependent, as these
elementsare closely bound by the working process
geometry. The problem can be tackled and keeping one of
variables constant and varying the other the experience
will confirm the results already known.

The bench should be used for finding the best working
regimes according to the soil type and its humidity, starting
from studies of [11] or [1] type.

At the same time, for soil uniformity(homogeneity and
isotropy), for an easy and rapid recovery after each test,
for facilitating the obtaining of an appropriate humidity and
focussing on the dependence of resistance force
displacement speed, different types of sand should be
used.

The same stand can be used, in another variant for
studying the stability of working parts batteries,
especially the asymmetrical ones, starting from [9]. At
the same time, the behaviour of certain soil working
machines, not so frequent, may be studied, such as
those endowed with springs as working parts support

[71, [8].
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Trebuie s& se tind seama ca forta de rezistenta astfel
determinata este o limitd superioara pe organ de lucru in
sensul ca daca o masina de lucrat solul opereaza cu mai multe
organe de lucru de acelasi tip, dispuse in diverse moduri,
coeficientul de rezistenta la deformare a solului va scadea.

Dependenta fortei de rezistentd de adancimea de lucru
sau de unghiul de atac sunt interdependente, deoarece
aceste marimi sunt legate una de alta prin geometria
procesului de lucru. Se poate aborda problema si tinand
una dintre variabile constanta si variind-o pe cealalta,
experienta nsa va confirma cele deja cunoscute.

Se recomanda folosirea standului pentru cautarea regimurilor
optime de lucru functie de tipul de sol si de umiditatea
acestuia, pornind, de exemplu, de la studii de tipul [11] sau [1].

De asemenea, pentru uniformitatea (omogenitatea si
izotropia) solului, pentru o usoara si rapida refacere dupa
fiecare test, pentru o realizare mai simpla a umiditatii dorite
si 0 mai facila punere in evidentd a dependentei de viteza
de deplasare a fortei de rezistenta, se recomanda folosirea
in stand a diverselor tipuri de nisip.

Acelasi stand folosit pentru studiul fortei de rezistenta al
organelor de lucru se poate folosi, eventual Tntr-o varianta la
scara superioara, pentru studiul stabilitatii unor baterii de organe
de lucru, Tn special cele nesimetrice, pornind eventual de la [9].
Totodata se pot studia comportamentele unor solutii pentru
masinile de lucrat solul, mai putin intalnite, cum sunt cele
prevézute cu arcuri pe post de suporti ai organelor de lucru, [7], [8].
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INFLUENCE OF OBLIQUE TRACTION ON TRACTION PERFORMANCES
OF A WHEELED TRACTOR ON DIFFERENT SOIL SURFACES
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Abstract: Oblique traction is a consequence of badly attached
implement, that is, when directions of drawbar force and
resistance of the implement are at certain angle with respect to
the traction force and longitudinal axis of tractor. This paper
presents research on the influence of oblique traction on the
traction performances of a wheeled tractor on different types of
soil surfaces. The influence of oblique traction on the drawbar
power and drawbar force of a wheeled tractor was investigated
on unplowed and plowed stubble. It was discovered that at
central traction on unplowed stubble wheeled tractor realized
the greatest drawbar power and drawbar force. By
increasing the angle of oblique traction tractor’s drawbar
power reduced. It was also determined that oblique traction
affected the traction performances of a wheeled tractor
more on soft and loose soil surfaces (plowed stubble).
Keywords: tractor, oblique traction, drawbar
drawbar force, soil surface.

power,

INTRODUCTION

The word ’tractor’ is derived from the word ’traction’. A
farm tractor can be defined as a machine developed for
solving the traction problems in agicultural applications [1].

Tractor power is utilized by transmitting the engine
power through drive wheels, resulting in the traction which
provides the drawbar power necessary for draught
implements, then through the power take-off shaft and the
hydraulic system which provides mobile support for the
attached implements.

Unfortunately, out of these principal ways the least
efficient and most used method is the drawbar. Engine
power can be converted to drawbar power only if the
drive wheels develop traction [5]. A tractor should
overcome the work resistance of its implement by
using as much engine power as possible with
minimum fuel consumption.

Increase in the price of oil and oil derivatives in the
world market has forced the farmers and researchers to
try to reduce the amount of money earmarked for fuel and
to discover environmentally friendly solutions.

Mutual goal is to increase the power efficiency of tractors.
This is the focus of attention of many tractor manufacturers
who are trying to produce the tractors which would have
most favorable fuel consumption characteristics.

Still, there are also ways of improving the power
efficiency of both old and new tractors, which would
consequently save money for fuel and maintenance and
would provide longer utilization.

Tractors involved in agrotechnical operations with
towed implements use the energy of fuel to a very small
degree. When used under optimal working conditions,
tractor and implement can ensure efficient and economical
work during which maximum productivity and minimum
fuel consumption can be achieved [7].

33

Rezime: Kosa vuca traktora nastaje kao posledica
loSeg prikopCavanja priklju¢ne masine za traktor,
odnosno ukoliko se pravac sile na poteznici i pravac
otpora prikljucéne masine nalaze pod nekim uglom u
odnosu na silu vuce i poduznu osu traktora. U ovom
radu istrazen je uticaj kose vuce na vuéne mogucnosti
traktora tockaSa na razlicitim zemljisnim podlogama.
Posmatran je uticaj kose vuce na snagu vuce | silu
vuce traktora tockaSa na nepooranoj i pooranoj strnjici.
Utvrdeno je da je traktor najvecu snagu vuce i silu vuce
ostvario pri centralnoj vuéi na nepooranoj strnjici.
Povecanjem ugla kose vuée smanjivala se snaga vuce
traktora. Utvrdeno je da na mekSim | rastresitijim
zemljiSnim podlogama (poorana strnjika) kosa vuca ima
veci uticaj na vuéne mogucnosti traktora tockasa.

Kljuéne reci: traktor, kosa vuca, snaga vuce, sila vuce,
zemljisna podloga.

UvoD

Rec€ ,traktor’ nastala je od reci “vu¢a”. Poljoprivredni
traktori mogu se definisati kao masine namenjene za
reSavanje problema vuce u poljoprivrednoj proizvodnji [1].

Korisna shaga traktora prenosi se od motora do
pogonskih to¢kova gde se realizuje vu€a, koja obezbeduje
snhagu na poteznici neophodnu za vucu prikljuénih masina,
zatim do prikljuénog vratila traktora i hidraulicnog sistema
koji omogucava pogon, nosenje i upravljanje prikljuénim
masinama.

Nazalost, najmanja efikasnost ostvaruje se pri prenosu
snage na prikljuénu masinu preko poteznice traktora. Snaga
motora moze se konvertovati u snagu na poteznici traktora
jedino ako pogonski to¢kovi realizuju vuéu u kontaktu sa
podlogom [5]. Traktor treba da savlada radne otpore
prikljuéne masine, a da se pri tome maksimalno iskoristi
snaga motora i $to manje goriva utrosi.

Rast cena nafte i naftnih derivata na svetskom trziStu
podsti¢e sve veéi broj poljoprivrednika, farmera i istrazivaca,
koji se bave ovom problematikom na iznalazenje nacina za
smanjenje izdvajanja za gorivo i zastitu Zivotne sredine.

Svi se slazu u tome da bi trebalo povecati energetsku
efikasnost traktora. Proizvodaci traktora takode posvecuju
veliku paznju ovom problemu, tako da proizvode traktore
sa sve vec¢im stepenom iskoriS¢enja goriva.

Medutim, bilo da je traktor nov ili star, postoje mnoge
mere koje korisnici mogu primeniti da bi povecali njegovu
energetsku efikasnost, a samim time ustedeli novac na
gorivu, odrzavanju i duzem koriSéenju.

Traktori koji obavljaju agrotehni¢ke operacije vu¢enim
masinama imaju veoma malo iskoriS¢enje energije goriva.
Kada se traktor i prikljuéna masina koriste u optimalnim
radnim uslovima, moze se obezbediti efikasan i
ekonomi¢an rad, tokom kojeg se postize maksimalna
produktivnost i minimalna potro$nja goriva [7].
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Fuel consumption is influenced by the losses present
in the engine itself, in the transmission from the engine to
the wheels, and in the wheels. The ability to provide draft
to pull various types of implements is a primary measure
for the effectiveness of a tractor [4].

Drawbar work is defined as moving a weight or a force
over a distance. The worth of a tractor is measured by the
amount of work that can be accomplished and the cost
associated with task completion. Drawbar power is defined
as a result of drawbar force and actual velocity. An ideal
tractor would convert all fuel energy into useful work at the
drawbar (drawbar power). However, due to the power losses,
not all fuel energy is converted into useful work [3]. The results
show that 20-55% of available power of wheeled tractors is
lost in wheels- soil surface contact [2]. It is, therefore, of
great importance to investigate the influential factors which
might improve tractive performance of tractors.

The efficiency of a traction system where tractive force
is transferred onto the attached unit via drawbar is
expressed by the power delivery efficiency of a tractor
[11].

Traction performance is influenced by numerous
factors such as: type and condition of soil, mass and
distribution of load, tire type and pressures [8], [10], and
the way an implement is attached [9].

A tractor is properly aggregated with an implement
when the traction line and soil resistance line coincide on
the implement. Otherwise, eccentric and oblique drawbar
force would occur [9].

Oblique traction is a consequence of offset position of
implement. Tractor operates in the regime of oblique
traction only when the resistance direction of the
implement are at certain angle with respect to the tractor
traction line and longitudinal axis of a tractor.

Operating the tractor under conditions of oblique
traction leads to an increased slippage of driving wheels,
greater fuel consumption and worn out tractor parts, which
directly increases the production cost and decreases the
economic power of farmers [9].

Considering the significance of the above mentioned
problem, further research is necessary in order to
determine the influence of oblique traction on tractor
traction performances on different types of soil surfaces.

MATERIAL AND METHOD

The influence of oblique traction on traction
characteristics of the tractor was determined by examining
the drawbar power according to OECD test code 2 and
standard ISO 789-9:2002, which were adapted for the
testing performed in field conditions [6]. Testing the
traction in the field always requires a way to apply the load
onto the test tractor. It is preferable to use a second
tractor in a combination with the implement [11].

Measuring of the oblique traction influence on traction
characteristics of a wheeled tractor was carried out with
four-wheel-drive tractor with smaller wheels in front and
built in engine with power of 99 kW.

The tested tractor had power shift transmission
with no interruption of power flow and it was equipped
with 14.9-28 front tires and 18.4R38 rear tires. Front
and rear tire pressures were 2 and 1.9 bars,
respectively.

Tractor weighed 6210 kg, out of which 41% was on
the front axle and 59% on the rear axle. Distance
between the axles was 2650 mm.

Oblique traction influence on traction characteristics
of the tractor was tested by measuring the drawbar force,
velocity and wheel slippage. The testing was conducted
under simulated work conditions which were typical for
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Na potroSnju goriva utiu gubici u samom motoru,
zatim u prenosu snage od motora do tockova, kao i u
kontaktu tockova i podloge. Sposobnost traktora da
obezbedi silu za vu€u razligitih priklju¢nih masina osnovna
je mera za ocenu njegove efikasnosti [4].

Vrednost traktora meri se koli€inom rada koji se
obavi traktorom i troSkovima koji su u vezi sa tim
radom. Snaga vuCe definisana je kao rezultat sile
vu€e i stvarne brzine kretanja. Idealni traktor
pretvoriée svu energiju goriva u koristan rad na
poteznici (snaga vuce). Medutim, zbog gubitaka
snhage, nete se sva energija goriva pretvoriti u
koristan rad [3]. Istrazivanja pokazuju da se 20-55%
raspolozive snage traktora to¢kasSa izgubi u kontaktu
to¢ka i podloge [2]. Stoga je veoma bitno da se istraze
uticajni  faktori koji mogu poboljSati  vuéne
karakteristike traktora.

Efikasnost traktorskog sistema, kod kojeg se sila
vuCe traktora predaje prikljuénoj masini preko
poteznice izrazava se vucnim koeficijentom korisnosti
traktora [11].

Na vu€ne karakteristike traktora utiCu brojni faktori
kao Sto su: vrsta i stanje podloge, masa i raspodela
opterecenja, konstrukcija i pritisak u pneumaticima [8],
[10] i nagin prikop&avanja priklju€ne masine za traktor [9].

Traktor je ispravno agregatiran sa prikljuénom
masinom ukoliko se linija sile otpora poklapa sa linijom
sile vuce traktora. U suprotnom pojavljuje se ekscentri€na
i kosa sila na poteznici traktora [9].

Kosa sila je posledica loSeg prikopCavanja i
podeSavanja prikljuéne masine za traktor. Traktor radi u
rezimu kose vuce ukoliko se linija otpora prikljuéne masine
nalazi pod nekim uglom u odnosu na liniju vuce i uzduznu
osu traktora.

Rad traktorom sa kosom vu€om dovodi do povecanja
klizanja pogonskih tockova, vece potroSnje goriva i
habanja delova traktora, S$to direktno poskupljuje
proizvodnju i smanjuje ekonomsku mo¢ poljoprivrednih
proizvodaca [9].

Imajuéi u vidu zna€aj navedenog problema, proizilazi
potreba za istrazivanjem u toj oblasti sa ciljem odredivanja
uticaja kose vuCe na vulne karakteristike traktora na
razli€itim zemljiSnim podlogama.

MATERIJAL | METOD

Uticaj kose vuCe na vuCne Kkarakteristike traktora
odreden je ispitivanjem snage vuCe prema OECD testu
code 2 i standardu ISO 789-9:2002, koji je prilagoden za
ispitivanje  u poljskim uslovima [6]. Ispitivanje vuCe u
poljskim uslovima uvek zahteva odredivanje nacina za
primenu optereéenja na ispitivanom traktoru. U tu svrhu
najbolje je koristiti drugi traktor u kombinaciji sa
prikljuénom masinom [11].

Merenje uticaja kose vuce na vucne karakteristike
traktora to¢kasa sprovedeno je na standardnom traktoru
tockasu sa pogonom na sva Cetiri tocka (koncepcije
4x48) u koji je ugraden motor snage 99 kW.

Ispitivani traktor ima mehani¢ku transmisiju sa
moguéno8c¢u promene stepena prenosa bez prekida toka
shage (power shift), opremljen je pneumaticima 14.9-28
napred i 18.4R38 nazad. Pritisak u prednjim
pneumatcima je 2 bara, a u zadnjim 1,9 bara.

Tezina traktora je 6210 kg od Cega je 41% na
prednjem, a 59% na zadnjem mostu. Meduosovinsko
rastojanje iznosi 2650 mm.

Ispitivanje uticaja kose vu€e na vu€na svojstva
traktora obavljeno je merenjem sile vucée, brzine i
klizanja. Ispitivanja su obavljena simuliranjem stvarnih
uslova koji se pojavljuju u toku rada sa kosom vucom, i
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oblique traction, by changing the direction of traction
force in relation to the direction of motion.

Direction of drawbar force was shifted to the right
with respect to the tractor's motion (« = 0) for the angle
values of ¢ = 10° and « = 20°, Figure 1.

i
§ BT E s

it L e 2N
Fig. 1 - Measuring of oblig
Merenje kose vuce traktora na strnjici

Drawbar force was measured by electronic
dynamometer D-20 T with the measuring scope of up to
20.000 daN. Drive wheels slippage was determined by
measuring the actual velocity with the fifth wheel and
theoretical velocity measured by appropriate wheel
revolution sensor with a toothed wheel on rear tractor
wheel, Figure 2. Analog signal obtained from the force
sensors, and actual and theoretical velocity were
transmitted in 8 channel acquisition 'PC measurement
electronic Spider 8" - HBM (Hottinger Baldwin
Messtechnik, Germany). The acquisition processed the
signals, enhanced and transformed them into digital
signals that were further processed by ‘Beam’ software.

The research was conducted on two surface types
(unplowed and plowed stubble). Unplowed stubble is the type
of soil surface which appears after the wheat harvest. In this
paper, plowed stubble refers to the type of soil surface which
is obtained after plowing the stubble at the depth of 25 cm.

Experimental measuring of oblique traction influence on
traction characteristics of a wheeled tractor was conducted
on flat terrain with chernozem soil type.

RESULTS

Numerous research have been performed with the aim
of understanding and foreseeing the traction
characteristics of tractors in field conditions.

Tractor traction characteristics depend on the type of
tractor, its mass, tires, tire pressure, soil condition and
mode of attaching the implement.

This paper presents the investigation of influence of
oblique traction, occurring as a result of badly attached
implement, on traction performances of a wheeled tractor
on plowed and unplowed stubble. Traction characteristics
of the test tractor are presented by drawbar force and
drawbar power.

Drawbar power is the tractor power, exhibited at drawbar
at given transmission rate, which is transmitted onto the
implement during particular agrotechnical operations.
Drawbar power was determined during the measuring of
traction characteristics according to the following equation:

Ppot
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to pomeranjem pravca delovanja sile vu€e u odnosu na
pravac kretanja traktora.

Pravac delovanja sile na poteznici pomeran je
udesno u odnosu na pravac kretanja traktora (« = 0) za
vrednost ugla o = 10° i o = 20°, slika 1

Sl . Yo b 5 5
2 - Measuring of actual and theoretical velocity of tractor /
Merenje stvarne i teoretske brzine traktora

Vu€na sila na poteznici traktora izmerena je
elektronskim dinamometrom D-20 T sa opsegom merenja
do 20.000 daN. Klizanje pogonskih to¢kova odredeno je
merenjem stvarne brzine kretanja pomoc¢u petog tocka i
merenjem teorijske brzine postavljanjem odgovarajuceg
davaca broja obrtaja tocka sa rozetom na zadnjem tocku
traktora, slika 2. Analogni signali dobijeni od davaca sile,
davaCa stvarne i teorijske brzine prenoSeni su u
osmokanalnu akviziciju "PC measurment electronic Spider 8"
— HBM (Hottinger Baldwin Messtechnik, Germany). U
akviziciji se prispeli analogni signali procesiraju, pojacavaju i
transformiSu u digitalne signale, koji se dalje prenose u
racunar gde se obraduju softverskim paketom ,Beam®.

Ispitivanja su obavljena na dva tipa zemljiSne podloge
(strnjika i poorana strnjika). Strnjika je zemljiSna podloga
koja je nastala posle ubiranja pSenice. U ovom radu,
poorana strnjika predstavlja tip zemljiSne podloge koja je
nastala nakon oranja strnjike na dubinu 25 cm.

Eksperimentalna ispitivanja uticaja kose vuce na
vuéne Kkarakteristike traktora toCkaSa obavljena su na
ravnom terenu sa zemljiStem tipa ernozem.

REZULTATI

Mnoga istrazivanja imala su za cilj razumevanje i
predvidanje vucnih karakteristika traktora u poljskim
uslovima.

Vucne karakteristike traktora zavise od koncepcije traktora,
mase, tipa pneumatika, pritiska vazduha u pneumaticima,
zemljiSnih uslova i nacina prikop&avanja priklju¢ne masine.

Stoga je u ovom radu prikazan uticaj kose vuce, kao
posledice loSeg prikopCavanja i podeSavanja prikljuéne
masine, na vucne karakteristike traktora tockasa na
nepooranoj i pooranoj strnjici. Vuéna karakteristika
ispitivanog traktora prikazana je pomocu sile vuce i snage
vuce.

Snaga vuce je korisna snaga traktora na poteznici u
datom stepenu prenosa koja se predaje priklju¢noj masini
u procesu izvodenja agrotehnickih operacija. Snaga vuce
pri merenju vucénih karakteristika odreduje se prema
jednacini:

Frot - )
_ pot Vs KW~ 1)

1000
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where: Fyot is the drawbar force expressed in [N], and vs is
the actual velocity of tractor expressed in [m/s].
Unplowed stubble

Figure 3 shows the dependance of drawbar power
and slippage on drawbar force on unplowed stubble. As it
was expected, the greatest drawbar power was achieved
at central traction (a = 0°) and it was Py = 59.9 kW, where
the obtained drawbar force was Fv = 3150 daN.

The greatest drawbar power at a = 10° was Py = 54.22
kW where the drawbar force was F, = 3389 daN. The greatest
drawbar power at a = 20° was P, = 47.39 kW where the
drawbar force was F, = 3385 daN. It was concluded that the
greatest drawbar power could be achieved at central traction,
that is, in the conditions of the absence of oblique traction. By
increasing the angle of oblique traction drawbar power reduced
in the following ratio Py=0: Pa=10: Pa=20= 1:0,922:0,796.

With respect to the central traction on stubble, drawbar
power at oblique traction reduced by 9.48% at a = 10°, while at
a = 20° it reduced by 20.88%. At central and oblique traction
no significant differences in the slippage of left and right
wheels were determined, that is, there were no tractor tumings.

At different oblique traction values differences in
drawbar power increased with greater drawbar force, and
vice versa, with small drawbar forces the differences in
drawbar power were insignificant.

By increasing the angle of oblique traction rear wheel
slippage also increased on unplowed stubble. The greatest
drawbar power obtained at o= 0 and « = 10° was at more than
15% slippage, while at a= 20° it was at more than 25% slippage.

INMATEH - icultural

gde je: Fpot sila vue na poteznici izrazena u [N], a vs
stvarna brzina kretanja traktora izrazena u [m/s].
Nepoorana strnjika

Zavisnost snage vucée i klizanja od sile vucle
traktora na strnjici prikazani su na slici 3. Kao §to se i
ocCekivalo, najveéa snaga vuce ostvarena je kod
centralne vuce (a = 0°) i iznosi Py = 59,9 kW, pri €emu je
realizovana sila vu¢e od Fv = 3150 daN.

Najve¢a snaga vu€e za a = 10° iznosi Py = 54,22
kW za silu vu€e od F, = 3389 daN. Najvec¢a snaga vuce za
a = 20° iznosi Py = 47,39 kW za silu vu¢e od F, = 3385
daN. ZapaZa se da se najveCa snaga vule ostvaruje
kada je centralna vu€a (vu€a u prvacu), odnosno kada
nema kose vuce. Poveéanjem ugla kose vu¢e smanjuje se
realizovana snaga na poteznici traktora u odnosu Pgq = ¢ :
Pa=10: Pa=20= 1:0,922:0,796.

Vuéna snaga pri kosoj vuci a = 10° manja je za 9,48%,
a pri a = 20° za 20,88% u odnosu na centralnu vuéu na
strnjici. Pri vuci u pravcu i pri kosim vu¢ama nije bilo velike
razlike u klizanju levih i desnih to¢kova, odnosno nije bilo
zakretanja traktora.

Razlike u ostvarenoj snazi vuce, za razliCite vrednosti
kose vuce, povecavaju se povecanjem sila vuce i obrnuto,
pri realizaciji malih sila vuCe razlike u snazi vu€e su
zanematrljive.

Pove¢anjem ugla kose vuCe poveéava se
proklizavanje zadnjih to€kova Najvec¢a snaga vuce za a= 0
i o = 10° ostvarena je za vrednost proklizavanja to¢kova
preko 15%, a za a= 20° preko 25%.po strnjici.
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Fig. 3 - Oblique traction of wheeled tractor on unplowed stubble /
Kosa vuca traktora toCkasa na nepooranoj strnjici
Among various regression equations, quadratic Izmedu veéeg broja ocenjenih regresionih jednacina
regressions with significant correlation coefficient were izabrane su kvadratne regresie sa znacajnim
chosen: koeficijentom korelacije:
y = - 5E-06x* + 0,0347x - 8,4065 (R” = 0,9688) ata=0° 2
y = - 4E-06x° + 0,0275x - 3,9893 (R°=0,9168) ata=10° 3
y = - 3E-06x% + 0,025x - 3,087 (R*=0,9062) ata=20° 4)

Equations (2-4) analysis showed that the optimal
drawbar forces on stubble were 4175 daN with maximum
drawbar power of 62.05 kW at central traction (a = 0°),
4166 daN with maximum drawbar power of 48.99 kW at
oblique traction (a = 10°), and 3437 daN with maximum

Analizom jednacina (2-4) dobija se da optimalna sila
vuce na strnjici iznosi 4175 daN uz maksimalnu snagu na
poteznici 62,05 kW pri centralnoj vuci (a = 0°), 4166 daN
uz maksimalnu snagu na poteznici 48,99 kW pri kosoj vugi
a = 10° i 3437 daN uz maksimalnu snagu na poteznici
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drawbar power of 43.27 kW at oblique traction ( a = 20°).

Plowed stubble

Dependence of drawbar power (Py) and slippage (8) on
the drawbar force (F,) and the angle it covers with tractor
longitudinal axis on plowed stubble is given in the Figure 4.
The greatest drawbar power at central traction (a = 0°) was 42.65
kW for the drawbar force of 3047 daN; the greatest drawbar
power achieved at a = 10° was 37.46 kW for the drawbar force
of 2882 daN, and the greatest drawbar power achieved at a =
20° was 30.93 kW for the drawbar force of 2578 daN.

Maximum drawbar power achieved at the drawbar for all
three angles on plowed stubble has the following ratio Pq= 0;
Po=10; Pq=20=1:0,878:0,725.

Drawbar power at oblique traction a = 10° was reduced by
12.17%, and at a = 20° by 27.48% with respect to the central
traction on plowed stubble. The greatest drawbar power at a=
0 and o= 10° was obtained with slippage values that were
over 20%, while at a= 20° with slippage values over 25%.

INMATEH - icultural

43,27 kW pri kosoj vuéi a = 20°.

Poorana strnjika

Zavisnost snage vuce (Py) i klizanja (8) od sile
vuce (Fy) i ugla koji ona zaklapa sa uzduznom osom
traktora na pooranom zemljiStu prikazana je na slici 4.
Najveéa snaga vule za centralnu vucu (a = 0°) iznosi
42,65 kW za realizovanu silu vuée od 3047 daN; najvec¢a
snaga vuce za ugao a = 10° iznosi 37,46 kW za silu vuce
od 2882 daN i najve¢a snaga vuce za ugao a = 20° iznosi
30,93 kW za silu vuce 2578 daN.

Maksimalne snage vuée na pooranom zemljiStu, za tri
razli¢ita ugla sile na poteznici, nalaze se u odnosu Pq =0 :
Pa=10:Pa=20=1:0,878:0,725.

Snaga vuce pri kosoj vuci a = 10° manja je za 12,17%,
a pri a = 20° za 27,48% u odnosu na centralnu vu€u na
pooranom zemljiStu. Najve¢a snaga vuce za a= 0 i a= 10°
ostvarena je za vrednost klizanja preko 20%, a za a= 20°
preko 25%.

20 4 ——a=0° | . :___D_r_a_v_v_b_a_r:ppy\_/(_e_r_/__ s O\ + 110
&—a=10° ' ' Snagatvuce . + 100 ;\?’
3541  feeeee- P PTRR T amemeeeaaan asCrmre st nnnaas TEER R P 4 90 =~
—_ —&—a =20° ' ' o S
5> 30 .- s L s N WU N L 80 938
?, ~ : . ' : 170 & L
88 25 feceieiiincgieeaean. IEEET T S LT Amemeeeaaan LT T CEE TR 22
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Fig. 4 - Oblique traction of wheeled tractor on plowed stubble /
Kosa vuca traktora toc¢kasa na pooranoj strnjici
Among various regression equations, quadratic Izmedu veéeg broja ocenjenih regresionih jednacina

regression with significant correlation coefficient were
chosen:

y = - 6E-06x% + 0,0323x - 6,9737 (R®
=- 6E-06x* + 0,0306x - 5,1973  (R?
y = - 8E-06x* + 0,0348x - 8,2235 (R®

Equations (5-7) analysis showed that the optimal
drawbar forces on plowed stubble were 2667 daN with
maximum drawbar power of 35.96 kW at central traction (a =
0°), 2550 daN with maximum drawbar power of 33.81 kW at
oblique traction (a = 10°), and 2175 daN with maximum
drawbar power of 29.62 kW at oblique traction (a = 20°).

The equations (2-7) show the changes in the drawbar
power with respect to the drawbar force of the tractor on
different soil surfaces (unplowed and plowed stubble),
depending on the different modes of implement
attachment (central and oblique traction).

The purpose of those equations is to enable the
calculation of drawbar power for different tractor drawbar
forces. These equations show that the maximum drawbar
power of tractor is achieved at drawbar force that has

= 0,9391)
= 0,8285)

=0,9023)
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izabrane su kvadratne
koeficijentom korelacije:

regresije  sa znacajnim

ata=0° %)
(6)

()

ata=10°
ata = 20°

Analizom jednacina (5-7) dobija se da optimalna sila vu¢e
na pooranom zemljiStu iznosi 2667 daN uz maksimalnu
snagu na poteznici 35,96 kW pri centralnoj vuci (a = 0°), 2550
daN uz maksimalnu snagu na poteznici 33,81 kW pri kosoj
vuéi a = 10° i 2175 daN uz maksimalnu snagu na poteznici
29,62 kW pri kosoj vuci (a = 20°).

Jednacine (2-7) opisuju promenu snage vuCe u
funkciji sile vu€e traktora na razliitim zemljiSnim
podlogama (nepoorana i poorana strnjika) za razliite
nacine prikopaCavanja prikljuéne masine (centralna i
kosa vuca).

Svrha jednacina je da omoguéi izraunavanje snage
vuCe za razliCite dijapazone sile vule traktora.
Jednacdine pokazuju da se maksimalna snaga vuce
traktora postize pri manjim vrednostima sile vuce od
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lower value than the maximum one.

They also imply that the maximum drawbar power
should be aimed at while operating the tractor, since then
the maximum exploitation of the engine power is possible
(maximum power delivery efficiency).

Besides, these equations compare traction
characteristics of tractors on different soil surfaces
with different ways of attaching the implements. They
also confirm the influence of soil surface and
implement attachment mode on the tractor traction
characteristics.

These research results show that the maximum
drawbar force of a tractor is restricted by adhesional
features of drive wheels, soil conditions and mode of
attaching the implement.

Slippage level is in direct relation with the loss of
velocity and it occurs in drive wheels-surface contact.

The reasearch results presented in Figures 3 and 4 are
in compliance with the results obtained by numerous authors
who confirmed that the increase of drawbar force resulted in
the slippage increase as well [8], [11]. The presented
research results show that the greatest drawbar power was
achieved at central traction with slippage values of 15.7%.

Extensive slippage causes soil damage, loss of energy
and time, and it simultaneously speeds up the wearing out
process of the machinery.

The obtained equations (2-7) can be used for the
prediction of tractor traction performances in the field with the
aim of optimizing the operating parameters of a tractor, and to
ensure the optimal aggregating of the tractor with implements.

These equations offer better analysis and comparison of
different paramteres that affect the tractor traction performances.

Modern successful farms emphasize the importance of
tractor efficiency for all operations involving the agricultural
machinery.

The cost reduction can be achieved when tractors operate
at their almost maximum traction efficiency. Rational use of a
tractor is determined by the degree of drawbar force. While
operating the tractor it is advisabe to use such a level of
drawbar force which can provide maximum, or almost
maximum, drawbar power. This level of drawbar force should
be within the exploitation scope which is in accordance with
relatively high tractor power delivery efficiency.

Enabling the tractor to operate at maximum traction
efficiency requires optimization of weight, load distribution,
tire pressure, adjustment of work speed with load and soil
surface conditions, as well as proper attachment of the
implement to the tractor.

CONCLUSIONS

The results show that the tractor traction characteristics
are influenced by the type of soil surface and mode of
attaching the implements.

Obligue traction occurs as a consequence of the offset
position of the implement attached to the tractor, that is, when
the drawbar force direction is at certain angle with respect to
the traction force and longitudinal axis of the tractor.

This study shows tractor performance at central
and oblique traction on plowed and unplowed
stubble.

The greatest drawbar power of the tractor on unplowed
stubble was obtained at central traction (a = 0°) and it was
Py = 59.9 kW, where drawbar force was Fv = 3150 daN.
With an increase in the angle of oblique traction drawbar
power of the tractor was reduced.

Drawbar power at oblique traction a = 10° was reduced
by 9.48%, and at a = 20° by 20.88% with respect to the
central traction on stubble.

The greatest drawbar power at central traction (a = 0°)
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maksimalne.

Jednacdine ukazuju na cinjenicu da se pri radu sa
traktorom treba teziti maksimalnoj snazi vuce jer je tada
najveca iskoriSéenost snage motora (maksimalna power
delivery efficency).

Osim toga, jednacCine omoguéavaju poredenje vucénih
sposobnosti traktora na razli€itim zemljiSnim podlogama i
za razliCite naline prikop€avanja priklju¢nih masina.
Jednacdine potvrduju uticaj zemljiSne podloge i nacina
prikop&avanja prikljuéne masine na vucne sposobnosti
traktora to¢kas$a.

Rezultati ovih istrazivanja pokazuju da je
maksimalna sila vuCe traktora ograni¢ena adhezionim
sposobnostima hodnog sistema, zemljiSnim uslovima i
nacinom prikop€avanja priklju¢ne maSine.

Veli¢ina klizanja odredena je gubitkom brzine kretanja i
javlja se u kontaktu hodnog sistema i podloge.

Rezultati prikazani na slikama 3 i 4 slazu se sa
istraZivanjima brojnih autora, koja govore o tome da sa
povec¢anjem sile vu€e raste i klizanje [8], [11]. Rezultati
istraZzivanja ovog rada pokazuju da je najveca snaga vuce
ostvarena pri centralnoj vuci za vrednost klizanja od
15,7%.

Preveliko klizanje izaziva oSteCenje zemljista,
gubitak energije i vremena i ubrzava habanje hodnog
sistema.

Dobijene jednacdine (2-7) daju osnovu za predvidanje
vuénih karakteristika traktora u polju, sa ciljem da se
optimiziraju radni parametri traktora i da se osigura
optimalno agregatiranje traktora sa priklju¢nim orudem.

Preko ovih jednacdina mogu bolje da se sagledaju i
uporede razli€iti parametri koji uti€u na vucu traktora.

Ekonomska uspesnost poslovanja savremenih farmi je
takva da istiCe vaznost efikasnosti traktora prilikom rada sa
poljoprivrednim masinama.

Trodkovi se smanjuju kada traktor radi blizu
maksimuma svoje vucne efikasnosti. Racionalnost
kori¢enja traktora ocenjuje se stepenom iskoriscenja sile
vuce na poteznici. U radu sa traktorom treba koristiti onu
silu vuce pri kojoj se postize maksimalna snaga vuce ili
blizu maksimalne u okviru eksploatacionog dijapazona
koja odgovara relativno visokom vuénom koeficijentu
korisnog dejstva traktora.

Prilagodavanje traktora da radi pri maksimumu vuéne
efikasnosti zahteva optimiziranje teZine traktora, rasporeda
tezine, pritiska u pneumaticima i prilagodavanje radne
brzine optere¢enju i uslovima zemljiSne podloge i ispravno
prikopacavnje i podeSavanje prkljuéne masine za traktor.

ZAKLJUCCI

Rezultati istraZivanja pokazuju da na vuéne
karakteristike traktora uti€u vrsta zemljiSne podloge i nacin
prikop&avanja priklju¢ne masine.

Kosa vuca nastaje kao posledica loSeg prikopCavanja
prikljutne masine za traktor, odnosno kada linija sile na
poteznici formira ugao sa linijom sile vuce i uzduznom
osom traktora.

U ovom radu prikazane su vucne Kkarakteristike
traktora pri centralnoj i kosoj vuci na pooranoj | nepooranoj
strnjici.

Najve¢a snaga vule traktora na nepooranoj strnjici
ostvarena je kod centralne vuce (a = 0°) i iznosi P, = 59,9
kW, pri ¢emu je realizovana sila vu¢e od Fv = 3150 daN.
Povecanjem ugla kose vuCe smanjuje se realizovana
shaga na poteznici traktora.

Snaga vuce pri kosoj vu€i a = 10° manja je za 9,48%,
a pri a = 20° za 20,88% u odnosu na centralnu vuéu na
strnjici.

Najve¢a snaga vule traktora na pooranoj strnjici za
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on plowed stubble was 42.65 kW for the drawbar force of
3047 daN.

Drawbar power at oblique traction a = 10° was reduced
by 12.17%, and at a = 20° by 27.48% with respect to he
central traction on plowed stubble.

At different oblique taction values differences in
drawbar power increased with greater drawbar force, and
vice versa, in case of small drawbar forces the differences
in drawbar power were insignificant.

Greater angle of oblique traction caused more wheel
slippage on the anylized soil surfaces.

Poor traction performance of tractors was observed on
loose soil surfaces (plowed stubble).

Oblique traction can be neutralized by optimal
attachment of the implement, whereat drawbar force
direction coincides with longitudinal axis of the
tractor.
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centralnu vuéu (a = 0°) iznosi 42,65 kW za realizovanu
silu vu€e od 3047 daN.

Vuéna snaga pri kosoj vui a 10° manja je za
12,17%, a pri a = 20° za 27,48% u odnosu na centralnu
vuéu na pooranom zemljidtu.

Razlike u ostvarenoj snazi vuce, za razliCite vrednosti
kose vuce, povecavaju se povecanjem sila vuce i obrnuto,
pri realizaciji malih sila vuCe razlike u snazi vuCe su
zanemarljive.

Poveéanjem ugla kose vule povetava se klizanje
toCkova traktora na posmatranim zemljiSnim podlogama.

Na meksSim zemljiSnim podlogama (poorana strnjika)
traktor ostvaruje slabije vuéne mogucnosti.

Kosu vu€u moguce je neutralisati optimalnim
prikop&avanjem prikljuéne masine, pri ¢emu ¢e se linija
sile vu€e na poteznici (drawbar force direction) poklapati
sa uzduznom osom traktora.
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Ovaj rad je podrzan od strane Ministarstva prosvete i
nauke Republike Srbije (projekat: Unapredenje kvaliteta
traktora i mobilnih sistema u cilju povecéanja
konkurentnosti, o€uvanja zemljiSta i zivotne sredine, broj
projekta TR 31046)
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RESEARCH ON STABILITY AND DESIGNING OF PROTECTIVE STRUCTURE OF
TRANSPORT VEHICLE FOR SMALL FARMS
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MU3CIIEABAHE HA YCTOMYUBOCTTA U HA KOHCTPYKLNS1 3A BE3OIMACHOCT HA
EHEPIETU4YHO TPAHCIIOPTHO CPELCTBO 3A MAJIKUTE SEMELEJICKA CTOINAHCTBA
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Abstract: The results of theoretical research on
dynamic stability of newly developed transport vehicle
for small farms are presented in the paper. The
possibilities for safe operation of the vehicle when
driving on horizontal roads with unevenness and on
slopes were assessed.

Using the software "Solid Works" a model of
"rollbar" protective structure to simulate situations of
external impact, imitating encounters of structure with
the ground when the vehicle overturns was developed.
The dimensions of structural parts of protective
structure and materials for their manufacturing are
defined. On the bases of the results a protective
structure for the transport vehicle "TK-215T” was
worked-out, which is to be tested in laboratory
conditions according to European directives.

Key words: dynamic stability, protective structure, roll-
over, transport vehicle.

INTRODUCTION

Unevenness in the ground affects the stability of the
mobile machines used in agricultural production. When
running on horizontal road they can be dangerously tilted
laterally due to the copying of irregularities as bump, ditch,
furrow, etc. Violation of stability can occur when the
vehicle runs on sloping terrain and there is a motion of
centre of gravity down the slope caused by flowing of
transporting load. In these and many other cases appear
linear and angular accelerations, which are responsible for
affecting the stability with possible negative consequences
for the safe and efficient operation of mobile machinery.

The quality of mobile energetic machinery is
determined not only by its power output and economic
indicators, but also by created conditions for safe working
of the operator. Major role in providing the latest play Roll-
Over Protective Structures, (ROPS). In agricultural
tractors that are safe cab, protective frame and rollbar.

Constructive realization of the protective structure
depends on the type of mobile means and possibility for
attaching on it. The structure may change the shape for
reducing the inertia loads acting in the moment of impact
into the ground. However, it should provide an area (called
“clearance zone") which remains intact to protect the
operator. The type and size of this space are regulated by
national and international regulations [5].

The object of study is a transport vehicle TK-215T, which is
a modification of the family tractors for small farms "TK-215",
designed in the Research Institute for Land Reclamation and
Agricultural Mechanization — Sofia (Bulgaria). The engine is
diesel, single cylinder, air cooled and with rated power 22 hp.
Gear box is mechanical type, with six speeds, fully reversible.
Vehicle’s four wheels are the same size, driven, steering, fitted
with hydraulically actuated rim brakes. The driver seat is
reversible. The loading platform of the vehicle fits in its
dimensions and the width and length (1250 mm x 1650
mm) allow placement of two pallets. The height of the
loading platform (350 mm) is consistent with the ability to
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Pestome: B Gokriala ca rpedcmaseHuU pe3yrimainu Om meopemu4qHO
uscriedeaHe 6bpXy ycmoudusocmima Ha — Hosopa3pabomeHo
MpaHCropmMHO ¢pedcmeo 3a Hyxoume Ha Markume CmoraHemea.
OueHeHu ca eb3MOXHoCUMe 3a besoriacHa eKcryioamauyusi Ha
mpaHcriopmHoOmo cpedcmao npu O8UXKEHUE 10 XOPU3OHMaIHU
Mbmua ¢ HepPagHOCMU U 10 HAKITOHEHU MEpPeHU.

PaspabomeH e umumayuoHeH MoOen Ha KOHCMpYKUUsi 3a
6esonacHocm om mur “rollbar’, ¢ kotimo ca ModesupaHuU cumyauuu
Ha 6BbHWHO 8b30elicmeue 8bPXy KOHCITPYKUUSIma ecriedcmeue
rpeofpblliaHe Ha mpaHcriopmHomo cpedcmeo. OnpedenieHu ca
pasmMepume Ha cbCcmaeHume U efleMeHmu U Mamepuanume 3a
msxHomo uspabomeaHe. [lo romnydeHume pesynmamu e
uspabomeH ornumeH obpasel, Ha KOHCMPYKUUS 3a besoriacHocm 3a
EeHep2eMUYHOMO  mpaHcriopmHo  cpedemeo  , TK-215T,  kolimo
npedcmou  Oa 6b0e usnumaH 8 riabopamopHU YCrioeusi o
ymebpOeHU ¢ esporielicKu HOpMamuUeHU OOKYMEHMU MEMOOUKU.

Knroyoeu Aymu: duHamuyHa ycmouldueocm, KOHCMPYKUUsI
3a 6e3onacHocm, npeobpbuaHe, MpaHCrIopmMHo cpedcmeo.

yBO[

HepaBHocTUTE NO onopHaTa MOBBLPXHOCT BrioLlaBaT
YyCTOMYMBOCTT@ Ha wu3nonseaHata B 3eMeferiCKoTo
npou3sBoAcTBO MobunHa TexHuka. [lpn aBmxkeHne mno
XOPW3OHTAaNEH MbT OMACHO MOXE Aa Ce OKaKe CTPaHW4HO
HaknaHsHe B CNEeACTBME Ha KOMMpaHe Ha Takuea
HepaBHOCTM, kaTo 0abyHa, kaHaBka, Opasga u Ap.
HapywaBaHe Ha ycCTOMYMBOCTTa MOXE [a HacTbMu U
Korato npu [OBWXKEHWE Ha TPaHCMOPTHO CpeacTBO MO
HaKIOHEH TepeH € Hanuvue NpemMecTBaHe Ha LieHTbpa Ha
MacuTe Hagony no CKMoHa, NPeAn3BUKaHO OT CTUYaHe Ha
NpeBO3BaHUsi TOBap.

KauectBOTO Ha MoOOMNHaTa eHepreTudHa TEXHWMKA Cce
onpegens He caMoO OT HEWHWUTE MOLLHOCTHO-UKOHOMUYECKN
nokasatenu, HO W OT Cb3gageHuTe ycrioBusi 3a GesonaceH
Tpya Ha onepatopa. 3a ocurypsiBaHe Ha MnocrnegHvTe npwu
3eMe[ercku1Te TPaKTOpY CE MU3MON3BaT 3aLLUTHU KOHCTPYKLUMN
npv npeobpbluaHe: 6e3onacHa kabuHa, pama v pondap.

KoHcTpykuusTa TpsibBa Aa nputexxasa AedopMUpyemoctT,
KOSITO ja Hamarn MHEPLMOHHNTE HaTOBapBaHUs, AEVCTBALLM
B MOMEHTA Ha ydapa K B OMopHaTta MOBBLPXHOCT, KaTo
CbLUEBPEMEHHO  OCUIYpUM  HesacerHato  NpPOCTPaHCTBO
(HapeyeHo “cBOOOAHa 30HA”), B koeTo OesomacHOCTTa Ha
onepaTtopa da 6bae rapaHTMpaHa. Buabt v pasmepute Ha
TOBa MPOCTPAHCTBO Ca PErnamMeHTUPaHU C HaLUMOHamnHW u
MeXayHapOoaHWN HOPMaTUBHY AOKYMEHTM [5].

ObGekT Ha  u3cnegBaHETO €  TPaHCMOPTHOTO
eHepreTuyHo cpeactBo TK-215T, koeto e mogudukaums
OoT chamunusaTa TpakTopu 3a Manku ctonaHcTea “TK-215" |
cb3gageHa B UIMM-Codums (Bbnrapus). OsuratensaT my e
OU3enoB ¢ HOMUHanNHa mMowHocT 22 h.p. NpegaBartenHarta
MYy KyTUSl € MexXaHW4yHa, LIeCTCTENEHHA, HambIHO
peBepcuBHa. W yeTnpute My Xo40BU Konena ca efHakBu
no pasmep, 3afBWxBaLy, ynpasnsemu. PaboTHOTO MACTO
Ha BojayYa e peBepcuBHO. MoHTUpaHata BbPXY
€HepreTUYHOTO CPEACTBO TOBapHa nnardgopma ce Bnucea
B rabaputute My, a WnpvHaTa 1 gbimkmnHaTa 1 (1250 mm
x 1650 mm) no3BonsiBaT pasnofioXeHMeTo Ha [Be Kaca-
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transporting denser agricultural goods. For the carriage of
volumetric loads are provided additional boards with a height
of 400 mm. Maximum permissible load, which the vehicle can
transport (600 kg) is consistent with wheels’ carrying capacity
(with twin wheels at the rear axe) and the conditions for safe
stopping the mobile machines of this type. Its wheelbase and
track width are respectively 2350 mm and 1480 mm, the
clearance is 310 mm and the weight is 1080 kg (excluding
protective structure). At the rated engine speed vehicle realizes
movement with forward speeds in the range 1,9 ... 25,1 km/ h.

The aim of the study, results of which are presented in
this publication, is to estimate the dynamic lateral
stability of transport vehicle TK-215T and create a
protective structure for the safe operation in
mountainous and hilly areas.

MATERIALS AND METHODS

A number of researches on tractor’s stability and
creating conditions for its assessment [1, 4, etc.] are
dedicated over the years.

Very often as an indicator of stability is used "the
dynamic angle of lateral stability” (Bayn), Which is the
angle of sloping terrain at which the dynamic roll-
over occurs. According to data from experimental
studies it is between 40 to 60 percents of the static
angle of stability (Bim) , where lower values are
typical for cases with more intensive action of
dynamic factors caused by the higher forward
speeds. In this research the values of dynamic angle
of lateral stability are determined using this
ralationship and the values of static angle of lateral
stability, which are calculated by using the data for
wheelbase, track width and coordinates of the centre
of gravity of the vehicle.

In the process of investigation of the dynamic lateral
stability of the transport vehicle "TK-215T" are considered
situations, which are typical for farming practice, but
presenting a risk to the safe operation of equipment, namely:

- movement on a horizontal road with unevenness;

- work on slopes with different types and quantity of
loads in the loading platform.

In the case of movement on a horizontal road with
unevenness the dynamic lateral stability was estimated
with the limiting angle of inclination caused by the
breakdown / raising the wheels on one side of the
mobile machine, as a result of copying the uneven
ground, and with the dangerous size of unevenness in
the ground (height of the embankment, depth of the
ditch, etc.), which can lead to its dynamic roll-over.
Examined the variants of movement without load in the
loading platform and with different in quantity and
volume load in the loading platform within acceptable in
technical data loading capacity 600 kg. Dangerous size
of unevenness of the ground (hgyn) is calculated using
the well known in tractor theory [2, 3, ect.] formula (1),
where ,B” is the track width of the mobile machine,
measured in millimeters.

h

dyn 2

For the case of motion on a sloping terrain with
different types and quantity of the loads in the loading
platform has been evaluated the impact of:

- the quantity of even distributed load in the loading
platform;

- the volume of even distributed load in the loading
platform;

- flowing behavior of the load.
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nanetn. BucouvHata 1 (350 mm) e cbobpaseHa cC
Bb3MOXHOCTTa 3a NPEBO3 Ha OCHOBHATa Maca Mo-MibTHA
3emepgencku ToBapu. 3a npeBo3 Ha obemHWM ToBapu ca
npeoBuaeHW [OOMbIHWATENHWM HaAacTtaBHM GopaoBe C
BUCOYMHA 400 mm. ToBapoHocMMOCTTa Ha
TpaHcnopTHoTo cpeactBo e 600 kg. HapgnbxHata u
HanpeyHaTa My 6a3u ca cboTBeTHO 2350 mm u 1480 mm,
knupeHcbT e 310 mm, a macata my 1080 kg. B
HOMWHarneH pexum Ha  gBuratensd peanuaupa
nocTbnaTesnHn ckopocTu B AnanasoHna 1,9...25,1 km/h.
Llenta Ha HacTosILOTO M3cnegBaHe € 0a ce OoueHu
JduHaMu4Hama Hanpe4Ha ycmol4ueocm Ha
eHepzemu4YHOmMo mpaHcrnopmHo cpedcmeo TK-215T u
ce cb3dade 3awjumHa KOHCmMpyKyusi 3a 6ezonacHama
My paboma e nnaHUHCKU U npeodniaHUHCKU palioHu.

METOOU U CPEOCTBA

Bbpxy ycToMuMBOCTTa Ha TpakTopuTe M Cb3gaBaHETo
Ha ycroBMs 3a HelHaTa OLUEHKa ca MOCBETEHWM peauua
Hay4Hu nscnegsanus [1, 4 v ap.].

MHoro 4ecTo kaTo nokasaTtern 3a OLEeHKa Ha YCTONYMBOCTTa
ce u3ronsBa “AMHaMUYHMSA BB Ha HamnpeyHa ycTonymsocT”
(Bayn), MpencTaBnsBaLY, brbfia Ha HaNpeYeH HaKMoH, Ha KOMTO
Bb3HMKBA [OMHAMWYHOTO npeobpbliaHe. [lo  gaHHM  OT
MHOIOKpPaTHO MPOBEAEHWM OMUTHU U3CreaBaHus TOW e Mexay
40 — 60 % OT CTaTNYHMA B Ha HAaNPEeYHa YCTONYMBOCT (Bim),
KaTo Mo-HWCKaTa rpaHu4YHa CTOMHOCT € XapakTepHa 3a
cnyyaMte C MO-MHTEH3VBHO [EWCTBME HA AUHAMWUYHUTE
chakTopun. B HacTosILLOTO M3cnenBaHe AVHAMUYHUAT bIbi Ha
HanpeyHa YCTOMYMBOCT € OfpegensH C noMowTa Ha
MOCOYEHOTO CbOTHOLLIEHWE, KaTO CTAaTUYHUAT bIbil Ha HanpeyHa
YCTOMYMBOCT € M3YUCNSIBaH 3a BCEKN KOHKPETEH Cryyaw Mo
[aHHM 33 HaanTbXKHATa U HanpeyHata 6a3u u koopavHaTUTE Ha
LieHTbPpa Ha MacuTe Ha TPaHCMOPTHOTO CPeCTRO.

B npoueca Ha uscnefBaHe Ha AMHaMUYHaTa HanpeyHa
yctonumBoct Ha TK-215T ca pasrmegaHn cuTyauum,
TUNWYHKU 3a 3emMeferickaTa NpakThka, HO KpueLLm puck 3a
6e3onacHaTa ekcnnoaTaums Ha TeXHWKaTa, a UMEHHO:

- OBWDKEHME MO XOPU3OHTaneH NbT C HEPABHOCTMY;

- paboTa Ha HaKINOHEHN TEPEHU C Pa3NnyYHN BUOOBE U
KONMYeCTBO TOBapW B TOBapHaTa nnardopma.

3a cnyyas Ha [OBWXEHME MO XOPWU3OHTaneH MbT C
HEPaBHOCTU € W3YUCMEH TPaHUYHUSIT brbfl Ha HanpedeH
HaKIMoOH, Npeau3BMKaH OT MponagaHeTo/M3auraHeTo Ha
XO[0BUTE KoMena oT eAHaTta CTpaHa Ha MobunHaTa MaLuvHa,
B CMNEACTBME Ha KOMMPaHETO Ha HEPaBHOCTW MO OropHaTa
MOBBLPXHOCT, M OMaCHUSIT pa3vMep Ha HepaBHOCTUTE Ha
onopHaTa MOBBLPXHOCT (BMCOYMHA Ha Hacuna, AbnbounHa Ha
KaHaBKaTa v Ap.), KOMTO MoraT Aa Aosedart A0 AMHAMUYHOTO 1
npeobpbLuaHe. PasrnenaHn ca BapyaHTUTe Ha ApvxkeHue 6e3
TOBap M MpWU HarnuyMe Ha pasfnMyeH Mo Konmn4ecTso M obem
TOBap B TOBapHaTa nnatcopMa B rpaHuLuTe Ha onycTuMata
no TexHuyecky daHHu ToBapoHocumocT 600 kg. OnacHusAT
pasMep Ha HepaBHOCTTa Ha onopHata noBbPXHOCT (hayn), €
M34MCMEH C MOMOLLIHA Ha M3BeCTHaTa B TeopusdTa [2, 3 n gp.]
cdopmyna (1), B kosiTo ,B” € HanpeyHaTa 6a3a Ha MobunHata
MallMHa, N3MepeHa B MUITUMETPMU.

5 @

3a cnyyasi Ha [OBWXEHME MO HaKIOHEHW TEepeHu C
pasnuYHn BMAOBE M KONMWYECTBO TOBapu B ToBapHaTta
nnartdgopma, € oLeHEHO BIUSIHUETO Ha:

- KOMMYEeCTBOTO Ha TOBapa, paBHOMepHopa3npeaeneH
B TOBapHaTa nnaTtgopma;

- obema Ha TOBapa, paBHOMeEpHOpa3snpeaerneH B
ToBapHaTa nnartgopma;

- CTUYaHeTO Ha ToBapa KbM HSKOS OT CTpaHWTe Ha
ToBapHaTa nnatgopma.

42
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Using Excel software an approximation of the
obtained results is made and formulas, which give
the relationship between observed indicators (the
dynamic angle of lateral stability and dangerous size
of unevenness of the ground) and type and quantity
of the load in the loading platform are worked out.
The accuracy of the choice of approximating
functions is assessed with the indicator R-squared
(RZ), called in the statistical studies "coefficient of
determination”.

In the first phase of the study on protective structure’s
developing, taking into account the statutory requirements
about providing the necessary "clearance zone" and the
structural characteristics of transport vehicle TK-215T,
tentative sizes of its structural parts are predetermined. To
specify them according to the possible materials for their
manufacture, a simulation model for the selected type of
protective structure was developed using the software
"Solid Works".

For investigation of influence of the external impact on
protective structure some situations were modeled,
imitating her encounters with the ground due to lateral roll-
over of the transport vehicle. Some cases in which forces
with different points of application act on the protective
frame are discussed, namely:

- the forces are applied sideways and are
distributed along the sloping part of the protective
frame (fig.1.b);

- the forces are applied vertically along the horizontal
part of the protective frame (fig.1.c).

Although real, the case where the forces are
concentrated at one point (fig.1.a) is not analyzed
because it is assumed as transient and is preceded the
next on the same figure. It is not analyzed also the case in
which the forces are applied vertically across sloping side
of the protective frame (fig.1.d), because it is possible only
during longitudinal roll-over of the transport vehicle TK-
215T, which in practice is almost unrealizable in real
conditions.

Taking into account the configuration and location of
the protective frame on the vehicle the following
assumptions about the values of the forces applied on
protective structure were adopted:

- the maximum force that may act sideways on the
protective frame in event of roll-over of the transport
vehicle will not exceed half of the force created by
vehicle’s weight of gravity;

- the maximum value that can reach the force, acting
on the horizontal part of the protective frame, shall not
exceed the force created by weight of gravity of less
loaded axle of the transport vehicle (in our case — front
axle).
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C nomolira Ha mporpamHus npomdykt Excel e usBbplueHa
annpoKCMaLm Ha MoryyeHnTe pesyrraTi, Kato ca M3BedeH
(PYHKUWOHaMHM  38BUCMMOCTY, KOMTO [aBaT Bpb3kata Mexay
HabriofaBaHMTE MoKaszaTenM 3a OUeHka Ha  AvHamudHata
YCTO/4YMBOCT Ha TPaHCMOPTHOTO CPEACTBO (brbfla Ha AvHaMMYHa
YCTOMYMBOCT Y pa3viepa Ha OracH1TE HEPaBHOCTU BbPXy OropHaTa
MOBBLPXHOCT) U1 BUOA M KONMMYECTBOTO Ha TOoBapa B ToBapHaTa
nnatcopma. ToyHoCcTTa Ha wu3bopa Ha an?OKcmmmpauJ,MTe
yHKUMM € oOoueHeHa C nokasatens R°, HapuwyaH B
CTaTUCTUHECKUTE M3CIeaBaHUs “KoedMLIMEHT Ha onpeaerneHocT .

Mpe3 mbpBUA eTan OT M3creaBaHeTo 3a paspaboTBaHe Ha
KOHCTpYKUMATa 3a 6e30macHOCT, OTYMTalki U3MCKBaHWUATa 3a
ocurypsiBaHe Ha  Heobxogumata  ‘cBobogHa 30HA” U
KOHCTPYKTVBHUTE AadeHocTn Ha TK-215T, ca onpegeneHu
npeaBapuTEnHX, OPUEHTUPOBBYHN pasMepu Ha OTAenHviTe 1
eneMeHTN. 3a YTOYHSIBAHETO MM, CbOOPas3HO Bb3MOXHUTE 3a
M3MornasaHe Matepyanu 3a TAXHOTO u3paboTeaHe, C NOMOLLTa Ha
nporpamHust npoaykT “Solid Works” e pazpaboTteH MM1TaumoHeH
MoZien Ha M3BpaHunst TUM KOHCTPYKLMS 3a 6e30MacHOCT.

MopenupaHy ca cuTyaumm Ha BBHLUHO Bb3OEVICTBUE BbPXY
KOHCTpYKUWMSITa 3a 6e3onacHocT, VMATVIpaLLIA
CBIPUKOCHOBEHMETO 1 C OropHaTa NoBbPXHOCT, BCEACTBYE Ha
CTpaHU4YHO npeobpblliaHe Ha  TPaHCTMOPTHOTO  CPeaCTBO.
PasrmegaHn ca cnydan, npyM KOMTO BbPXY 3alUMTHaTa pamMka
OeVicTBaT CUK, pasnuyHX No MSCTO Ha NpurnaraHe, 8 UMEHHO:

- cunnuTe ca MpUIOXEHW CTpaHUM4YHO, KaTo ca
pasnpefeneHn no AbiKMHATa Ha HaKMoHeHaTa cTpaHa
Ha 3awuTHaTa pamka (cpur.1.b);

- CUnMTe ca MPWIOKEHW BEPTUKANHO MO AbIbKMHATA Ha
XOpUW3OHTanHaTa cTpaHa Ha 3awmTHaTa pamka (dwr.1.c).

Makap wn peaneH, crnyyasT, NpuM KOWTO cunuTe ca
cbCcpeqoToyeHM B efHa Todka (dwur.1.a), He e
aHanusnpaH, TbWA Kato e MpueTo, 4Ye e MNpPexodeH wu
npeplwecTsa criegpalimMTe, NpeAcTaBeHM Ha cbluaTa
durypa. He e aHanmaupaH u cny4asT, npu KOWTO cunuTe
ca NpUoXeHW BEPTUKArHO Mo UsanaTta HaknoHeHa cTpaHa
Ha 3awmTHaTa pamka (dwur.1.d), nopaam dakra 4ye Ton €
Bb3MOXEH CaMO Mpu HagnbxHO npeobpbluaHe Ha TK-
215T, Ha npakTVKa Hepeanusyemo B peariHu yCroBus.

C otuuTaHe Ha KOHGUrypauusita u pasrnonoXeHMeTo Ha
3alWpMTHaTa paMka BbPXYy TPAHCMOPTHOTO CPEACTBO  ca
npueTn criedHUTe NPeanonoXeHusi, OTHOCHO CTOMHOCTUTE Ha
npunaraHuTe BbpXy KOHCTPYKLMSATa 3a 6€30MacHOCT Cunu:

- MakcuMmanHaTta cuna, Kosito 6u Bb3agencTBana
CTpPaHU4YHO BbpXY 3almMTHaTa paMmka npu npeobpbliaHe
Ha TK-215T, HAama ga npesuwn norioBMHaTa oT cunarta
Ha TeXecTTa, Cb3[jJaBaHa OT cuenHaTa My mMaca;

- MakcumarHaTta CTOMHOCT, KOSITO MOXe Aa AOCTUrHe
cvnara, AelcTBallaTta BbpXy XOpu3oHTanHata cTpaHa Ha
3alWmMTHaTa paMKa, He MpeBullaBa cunaTta Ha TexecTTa
OT cuenHaTa Maca BbpXy MO-Manko HaTOBapeHus
(NpeaHust) MOCT Ha TPaHCMOPTHOTO CPEACTBO.

a b

Fig. 1 - Places and modes of force application on the protection frame /
Mecma u HayuHU Ha rpunazaHe Ha cunume 8bpXy 3alumHama pamMmKa
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With the developed simulation model of the
protective structure, adopted loading schemes and
maximum values of the forces was tested structure
strength at various angular and linear dimensions of
structural parts, types of materials for their
manufacturing and etc. The assessment was carried out
on the basis of results for linear displacements and
maximum stresses that would occur in the protective
structure in event of roll-over of the transport vehicle
TK-215T.

RESULTS AND DISCUSSION
Results of the study on the dynamic lateral stability

of TK-215T running on horizontal road with
unevenness
Based on experimentally proven relationship

between dynamic and static angles of lateral stability is
established that in case of movement of the transport
vehicle TK-215T without load the angle which can cause
roll-over in result of unevenness in the road varies
between 20° and 30°. Practically, lateral roll-over as a
result of following of vehicle’s side wheels in ditch or
furrow is excluded. The size of unevenness that would
cause it (hayn = 346 mm) is bigger than the clearance,
which means that the vehicle would rather "lying on
stomach”, before it rolls over.

Interesting for practice is a motion of the transport
vehicle TK-215T with load in the loading platform. The
results of determination using the formula (1) the size of
maximum permissible unevenness of the ground for save
movement of the vehicle, depending on the weight of
transported load, distributed in the loading platform, are
presented in figure 2.

Fully consistent, the maximum size of unevenness,
which the vehicle TK-215T can overcome without roll-over,
is decreasing with increasing the amounts of transported
load (more than 15% in case of movement with a
maximum permissible load compared to movement without
load in loading platform). The point here is that despite the
worsening dynamic stability, its ability to run on uneven
surfaces remains high enough, which is further
confirmation of a well-reasoned design decisions made in
its development.

INMATEH - icultural

C pa3paboTeHn sl MMUTaLMOHEH MOZEN Ha KOHCTPYKLWSTA
3a 6es30nacHoCT, MpuYeTUTE CXeMM Ha HaToBapBaHe W
MaKkCUMarHuTe CTOWHOCTM Ha CWIOBU Bb3OeWCTBUA €
u3crefBaHa 3opaBuHaTa /i MpU PasfvyHv bITIOBU U TIMHEVHM
pa3viepy Ha OTAETNHUTE HEVHW eneMeHTH, BUAOBE MaTepuani
3a TAXHOTO M3paboteaHe M ap. OueHkaTa e M3BbpLUBaHA Ha

fGaszata Ha MoOMyd4eHuTe  pesynTatM 32 NUHENHWUTE
MPEMECTBaHUSI U MaKCUMarHUTE HampeXeHWsl, KouTo Guxa
Bb3HVKHaNMM B  KOHCTpyKUMsiTa 3a GesonacHocT  npu

npeobpbLuaHe Ha TpPaHCMOpPTHOTO cpeacTBo TK-215T.

PE3YNTATU N OBCBXXOAHE

Pe3yntatm oT wu3cnegBaHeTOo Ha [AMHaMMU4HaTa
HanpeyHa yctonunsocT Ha TK-215T npu aBnxeHue no
XOPU3OHTaleH NbLT C HEPaBHOCTHU

Basupaiikn ce Ha ONUTHO [0Ka3aHOTO CbOTHOLLUEHWE
Mexagy OUHAMUYHUMA W CTaTWYHMSA BIMM Ha  HanpeyHa
YCTOMYMBOCT € YCTaHOBEHO, Ye npu ABwkeHne Ha TK-215T
6e3 ToBap bIbMbT, KOUTO MOXE Ja MPeansBrka OVHAMUYHO
npeobpblLaHe, NOPOLAEHO OT HEPABHOCTUTE MO MbTH, Bapupa
mexagy 20° n 30°. Ha npaktvka € W3KMHYeHO HampeyHo
npeobpbllaHe B CMeACTBME NpornajaHe Ha CTpaHWYHUTE
XO0JOBWM Kofena B KaHaBka wnu Opasga. Pa3vepbT Ha
HepaBHOCTUTE, KOMTO 61 ro npeaussukan (hayn = 346 mm), e
no-ronsiM OT KUpeHca, B pe3yntat Ha koeto TK-215T no-
ckopo 6u “nerHarno no kopem”, Npeaun Aa ce NnpeobbpHe.

WHTepec 3a npakTukata npencraBnsiBa ABUXKEHWMETO
Ha TK-215T c¢ Toeap. Ha dwmr.2 ca npegcraBeHu
pesynTatuTte OT onpefensiHeTo ¢ nomoLuTa Ha dopmyna
(1) Ha npegenHusa pasMmep Ha Bb3MOXHUTE 3a 6Ge3onacHo
npeogonsiBaHe HepPaBHOCTU BbPXY OMOpHaTa NOBbPXHOCT
B 3aBMCMMOCT OT MacaTa Ha paBHOMEpPHOpa3npeaeneHnsi
TOBap B ToBapHaTa nnatdgopma.

HanbnHo nommuHo, ¢ yBenuyaBaHe Ha KONMMYECTBOTO Ha
npeBo3BaHVA ToBap Hamansea (C nosede or 15% npwu
[OBWXEHME C MaKcVMarieH ToBap Mo CpaBHEHWE MNpY OBWKEHVE
6e3 ToBap) MakCYMAarHUST pa3Mep Ha HepaBHOCTUTE, KOUTO
MOXe Oa npeopgoriee TpaHcropTHoTo cpeactBo TK-215T Ges
onacHoCT oT npeobpbluaHe. BaxHOTo B criyyast €, Ye BbMpekv
BMOLLABALLATA Ce AMHAMMYHA YCTOMYMBOCT, CrOCOBHOCTTa My
0a Cce OBWKM MO HEepaBHU MOBBPXHOCTU OCTaBa AOCTaTbYHO
BUCOKA, KOETO € TMOTBbpXAEHMe 3a [obpe obocHoBaHUTE
KOHCTPYKTVIBHW PELLIEHUS, pEAn3vpaHm Mpy HEroBOTO Ch3daBaHe.
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Fig. 2 - Relationship between maximum permissible unevenness of the ground and the weight of transported load distributed
in the loading platform of TK-215T / 3agucumocm Ha makcumanHodornycmumMama HepagHOCM Ha oriopHama fno8bpPxXHOCM om Macama
Ha moeapa, pasHoMepHopasnpedesnieH 8 mosapHama nnamgopma Ha TK-215T

Approximating the results of figure 2, is derived a
formula (2) for determining the size of hazardous

unevenness on the ground (Agmund) depending on the

quantity of transported load (Miad), distributed in the
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AnpokcmMuparkn pesyntatute, NnpeactaBeHn Ha ur.2, e
usBegeHa copmyna (2) 3a onpegensHe Ha pasvepa Ha
oracHMTE  HEpaBHOCTM BbpXy OMopHata  MOBBPXHOCT

(Agmund) B 3aBMCVIMOCT OT KOSMYECTBOTO Ha ToBapa (Micad),
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loading platform of TK-215T:
A

ground =
The indicator assessin% the accuracy of the choice of
approximating function is R” = 0,9809.
The results can serve as a reference when choosing
a regime that ensures safe motion of the transport
vehicle TK-215T with loads on land with an uneven
surface.

Results of the study of the dynamic lateral stability
of TK-215T on slopes

The formulas for assessing of the vehicles stability
when driving on slopes with different types and quantity
of load in loading platform are presented in table 1. They
are derived by taking into account the impact that
each link in the chain "load — static angle - dynamic
angle" appears to next one for the cases with more
intensive action of dynamic factors. With their help on
the bases of data for the weight of transported dense
or flowing load and the coordinate of centre of gravity
of volumetric load the size of the limiting angle,
providing safe movement of transport vehicle on inclined
terrains for each of the operational situations can
determine.

~0,0861.m,,,4+342
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paBHOMepHopasnpeaerneH B nnatgopmata Ha TK-215T:
@)

CrtonHoCTTa Ha nokasaTens, OoLeHsABall, TOYHOCTTa Ha
n3bopa Ha anpokcuMmumpallarta gpyHkumus, e R2 = 0,9809.

PesyntatuTe morat ga cnyxar 3a opueHTup npu nsbopa
Ha pexum, ocurypsisaly 6e3onacHo [OBWXeHWe Ha
eHepreTUYHOTO TpaHcnopTHO cpeactso TK-215T ¢ ToBap no
TEepeHU ¢ HepaBHa MOBBbPXHOCT.

Pesyntatm oOT wu3cneaBaHeTO Ha JAMHaAMU4YHaTa
HanpeyHa yctonuuBocT Ha TK-215T npu pabGorta Ha
HaKIIOHEHU TepeHU

B 1abrmua 1 ca npegcrtaBeHn chopmynm 3a oueHka Ha
YCTOMYMBOCTTa Ha TPAHCMOPTHOTO CPEACTBO NPW ABWKEHUE MO
HaKIMOHEHW TEPEHU C pa3fnuyHN BUOOBE M KOMMYECTBO TOBApU B
ToBapHaTa nnartdopma. MsBegeHn ca ¢ oTiMTaHe BIUSIHUETO,
KOETO BCSIKO €OHO 3BEHO OT BepuraTa ,ToBap - CTaTU4eH bIbi -
OVHaMMYeH brbn” OkasBa Ha CcrneapalloTo 3a CriydyauTte ¢ Mo-
WHTEH3MBHO [ECTBME Ha AMHaMuyHUTE doaktopn. C TsxHA
MoMoLL, MO AdaHHW 3a MacaTa Ha NPEeBO3BaHUS MITbTEH WK
TEWTMB TOBap M BepTUKarnHaTa KoopauHaTa Ha LEeHTbpa Ha
macute (U.M.) Ha obeMeH ToBap MOXe [Ja Ce onpegenv
pasMepbT Ha rPaHWYHUSE Brbf, ocurypsaealy, ©GesonacHo
OBWKEHVE BbPXy HaKIMOHEeHa OMnopHa MOBBLPXHOCT 3a BcAKa
e[lHa OT NOCOYEHUTE eKCnrnoaTaumMoHHN CUTyaunm.

Table 1/ Tabnuuya 1

Formulae for calculating the limiting angle of inclined terrain, ensuring safe motion of the transport vehicle TK-215T /
3asucumocmu 3a us4ucrisieaHe Ha 2paHUYHUS1 b2bJ1 HA HAKJIOHA, rno3eoJsisieau, 6e3onacHo deuwxeHue Ha
eHep2emMu4YHOMoO mpaHcrnopmHo cpedcmeo TK-215T

Coefficient of
Operating condition / Formulae / determination /
EkcnnoamayuoHHoO ycniosue ®PyHKYUOHaIHa 3aeucuMocm KoegpuyueHm Ha
onpedeneHocm “R*”
Dense load distributed in the loading Paynar. =—0.0045.m,,4 +19.85 / R’ =0.9828 /
platform Biyna,. =—0,0045.m;,4+19,85 R"=0,9828
_ Buynt s, =—0.0064.m,,, +19.792 / B2 - 0.9768 /
Flowing load R2= 0.9768
Bayn 1. =—0,0064.m,,,+19,792 =Y
Volumetric load with weight 600 kg, Iden vl T _0'045'hload +18.086 / R22: 0.9986 /
distributed in the loading platform Biynvi. = -0,045.h,,, +18,086 R®=0,9986

The appearance of the first two formulas talk about
that increasing of load in the loading platform of the
transport vehicle TK-215T reduces the value of the angle,
which may cause its roll-over. The results obtained with
their help show that when transporting a loads within the
range from zero to maximum permissible load the dynamic
lateral stability of the transport vehicle deteriorates to 15%
when running with distributed load and to 20% with flowing
load.

Dynamic stability of TK-215T deteriorates also with
increasing vertical coordinate of centre of gravity of the
load. When the height of centre of gravity of loads is near
the middle of the height of the loading platform (as is
desirable to have a volumetric distributed load), lowering
the value of limiting angle is negligible - only about one
degree, which is a good testimonial for the implemented
design solutions in creating a vehicle.

Results of research on creating of roll-over
protective structure
Based on international experience in creating

protective structures for mobile means such as "TK-215T
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BuaobT Ha nbpeuTe aBe cdhopMynu roBopu 3a TOBa, Ye
yBEMnM4YaBaHETO Ha ToBapa B ToBapHaTa nnatdopma Ha TK-
215T BooM OO HamansBaHe Ha CTOMHOCTTa Ha bibina Ha
HaKrmoHa, KOWTO MOXe ga npeavs3Brka  HEroBoTO
npeobpbluaHe. Pesyntatite, MNOMydYeHW C TAXHA MOMOLL,
MoKaseaT, Ye Npu NPeBo3 Ha TOBapy B IpaHMLMTE OT Hyra Jo
MakcMMariHata TOBapOMOAEMHOCT AvHaMMyHaTa My HanpedHa
ycromumMBocT ce Browasa [0 15% npu aOBukeHve c
paBHOMepHopasnpeaerneH Toeap u Ao 20% C namecteH Toeap.

Browasa ce auHamndHata yctonumsocT Ha TK-215T u ¢
YBENMYaBaHe Ha BepTVKasHaTa KoopauHata Ha L.M. Ha ToBap.
Mpn BUCOYMHA Ha LLM. HA ToBapa B 30HAaTa Ha cpedata Ha
BMCOYMHATA Ha TOBapHaTa nnartgopma (KaKBOTO € XeraTenHo Aa
uMa OBEeMHUS TOBap), MOHWKABAHETO Ha CTOMHOCTTa Ha
rPaHNYHUS BIbI € HE3HAYUTENHO — CaMO OKOMO €AMH Pajyc,
KOeTo e [JoObp arectar 3a peanvavpaHuTE KOHCTPYKTUBHA
peLLEeHUs NP Cb3aaBaHETO Ha TPAHCTNIOPTHOTO CPEACTRO.

PesynTtatn oT nscneaBaHeTo BbpXYy
KOHCTPYKLUsiTa 3a 6e30NacHOCT Npu NpeodpbliaHe

OcHoBaBaliku Ce Ha CBETOBHMSI OMUT B Cb3[aBaHe Ha
KOHCTPYKUMM 32 6e30macHOCT 3a MOOWITHM cpeacTBa OT Tuna
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is adopted that the newly protective structure to be of type
“rollbar”, and the protective frame of the structure to be
work out of a tube with circular section. The shape of
the protective frame is a result of searching the
configuration, in which the element, bearing the main
load in the event of a roll-over, is positioning as close
as possible to the driver seat.

Suitable location for mounting the protective
structure on the transport vehicle TK-215T is the
sleeves of its front axle.

They are steel castings and have sufficient
strength to bear additional loads that would arise in
case of roll-over. Constructive implementation of the
elements for attaching the protective frame to the
vehicle is consistent with the presence of horizontal
platforms with threaded holes on the front axle
sleeves.

Joining the protective frame to each of the sleeves is
carried out with the means of support, consisting of a spike
on which the protective frame is placed and a plate, which
by bolts is fixed to the axle sleeves. Fixing the protective
frame to means of support is provided by two locking pins.

Using the developed simulation model different
situations are modeled in order to optimize the structure
design in strict compliance with the requirements about
necessary “clearance zone”. Figure 3 presents the
linear displacements (fig.3.a) and stresses (fig.3.b),
emerging in the chosen type of structure, when 5 kN
external forces are borne by the sloping side of the
protective frame.

Recorded maximum values of these parameters in
more loaded sections of the structure (approximately 45
mm for the linear displacements and 300 MPa for the
stresses) were below the crucial limits of materials used
for making up the structural parts. The results refer to the
cases where the vehicle is unladen.

Impact that can have weight of the Iload,
transported by TK-215T, was assessed by modeling
the situation in which the external forces are of value
7,5 kN.

The results are presented on fig.3.c and fig.3.d. The
expected increasing of examined parameters’ values is
within the permissible margins, which gives reason to
believe that the driver’s safety will be guaranteed.
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Ha “TK-215T" e npueto HoBopaspaboTBaHaTa 3alUMTHa
KOHCTPYKUWMS Aa e oT Tvn “ponbap”, KaTo 3awutHaTa pamka
ce m3pabotn ot Tpbba C Kpbrno ceveHne. PopmaTta Ha
3alumMTHaTa pamka e pesynrtar OT TbPCEHeTO Ha noaxoaswiarta
KOH(purypaumsa 3a MnosuUMOHMpaHe Ha eniemMeHTa, noemall
OCHOBHOTO HaTOBapBaHe B Cryyail Ha npeobpbluaHe,
Bb3MOXHO Hai-6rn3Kko 4O MSICTOTO Ha Bogauya.

[MoaxoAsaLwo MACTO 3a MOHTMPAHE Ha KOHCTPyKuuATa
3a Ge3onacHocT BbpXy TpaHcnopTHo cpeacTtBo TK-215T
ca pbKaBuTe Ha NpeaHus My MOCT.

MMocnepgHute ca CcTOMaHeHM OTIMBKM M MpuTexasar
JoctaTbMHa 3OpaBvMHa 33 [a noemar  JOMbIHUTENHATE
HaTOBapBaHWs, KOUTO OuXa BBb3HVKHANM MPY EBEHTYarHOTO My
npeobpbLLaHe. KOHCTPYKTVBHOTO M3IMTbIIHEHVE Ha eneMeHTUTe 3a
npycbeayHsBaHe Ha 3alTHaTa pamka KbM  TPaHCNIopTHOTO
CPEOCTBO € CbOoDpaseHO C HanvuMeTo BbpXy PpbkaBuTe Ha
NPEOHMS MOCT Ha XOPU3OHTaIHM MMOLLAAKW C pe300BM OTBOPU.

MprcbeanHABaHETO Ha 3aliMTHaTa paMka KbM BCEKU OT
pbkaBUTe Ha MPEAHMS MOCT € OCBLLECTBEHO C MOMOLLTa Ha
oropa, CbCTosILLA Ce OT LUMM, Ha KOWTO ce HaasBa 3alumTHaTa
pamka, ¥ OMopHa MriaHka, KoATo ¢ nomowita Ha GonToBe ce
durKCMpa KbM XOPU3OHTarNHUTE MNMOWAAKM Ha pbkaBuTE Ha
npegHns MocT. 3a dMKCMpaHe Ha 3aluTHaTta pamka no
OTHOLLIEHWE Ha onopuTe e NpeaBuaeH pukempal, LWudT.

3a onmMmmMavpaHe Ha KOHCTPyKTMBHata paspabotka ¢
noMowita Ha pa3paboTeHMs UMUTALMOHEH MoZen ca
MOAenMpaHu pasnuuHn cutyauun. Ha dour.3 ca npencraBenu
NVHelHUTe NpemMecTBaHust (dur.3.a) 1 HanpexeHusTa (cur.3.b),
Bb3HUKBALLMTE B M3bpaHaTa 3a OnTMMarnHa KOHCTPYKUMS 3a
©e3onacHocT, korato 5 KN-OBM BBHLUHM CUIIOBU BL3AENCTBUS Ce
roemat CTPaHW4HO OT HaKMOHeHaTa YacT Ha 3aLumTHaTa pamka.

Pervictpypanmte  MakcyvarnHy  CTOMHOCTM 38 uacreasaHuTe
MNOKA3aTENN B HA-HATOBAPEHNTE YHACTBLM HA KOHCTPYKLMATA (Okorio 45
mm 3a fvHenHM npemectBaHna 1 300 MPa 3a Bb3HMKBALLMTE
HanpexeHusl) ca rog, NpedenHiTe 3a Matepuarmre, OT KOoUTo ca
13paboTeHN eneMeHTUTE Ha KoHCTpykuusTa. Pesyrmamre ce
OTHaCAT 3a Cry4auTe, KoraTo TPaHCTIOPTHOTO CPEACTRO e 6e3 Tosap.

BrvsHueto, koeto Moxe [Oa oOkaxke Macata Ha
npeBo3BaHVs TOBap, € OLEHEHO C MOAENUpaHe Ha cuTyauus,
NPy KOSITO BBHLUHUTE CUIIOBM Bb3OENCTBUSI CA CbC CTOMHOCT
7,5 kN. Pesyntatute ca npeacraseHu Ha dour.3.c v ur.3.d.

OuyakBaHOTO MOKayBaHe Ha  CTOMHOCTUTE  Ha
u3crnegBaHuTe  napamMeTpy € B paHuuMTe  Ha
JOnycTMMOTO, KOETO [aBa OCHOBaHWE [a ce cyuTa, ye
6e3onacHOCTTa Ha Bofada CblUO Lie 6bae rapaHTupaHa.
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Fig.3 - Linear displacements and stresses emerging in the protective structure, when external forces are borne by the sloping
side of the protective frame / JluHelHU npemecmeaHusi u HarpeXeHusl, 8b3HUKBaUUMe 8 KOHCMpyKyusima 3a besonacHocm, Koeamo
8BbHWHUME curnosu 8b3delicmausi ce noemam cmpaHU4yHO Om HaK/loHeHama Jyacm Ha 3alyumHama pamka
a,b—-5kN;c,d-7,5kN

Similarly, the situation presented on fig.1l.c. was
investigated. On the bases of the obtained results firstly
suggested parameters of the frame and other parts of
protective structure were adjusted.

Analysis of the results shows that with this
configuration and design parameters the newly
developed protective structure will provide needed
“clearance zone” to protect the driver in case of roll-
over of the vehicle.

The specified optimal design parameters of the
protective frame are presented in table 2.

Mo aHarmodeH HauwvH € umscredBaHa Mo cvTyauusita Ha
HaToOBapBaHe Ha KOHCTpyKMATa 3a GesoracHocT or cdur.ic. B
3aBMCMOCT OT MOJTyHEHUTE PE3YITTaTU Ca KOPUIVIpaHW MbpBOHAYAITHO
npreT!Te NapaMeTpy Ha pavkaTa v MPUCHEAVHUTENHUTE ENEMEHTW.

AHanu3bT Ha pesyrnTammTe MoKa3sea, Ye Npu Tasn KoHUrypauwsi
M C Te3an KOHCTPYKTVBHU MapaMeTpy HoeopaspabomeHama
KOHCcmpyKyusi 3a 6e3onacHocm we ocuzypu Heobxodumama
ce80600Ha 30Ha 3a eofaya, 3a Ga 20 3awjumu e csyyali Ha
npeobpbuwaHe Ha MPaHCIOPMHOMO cpedcmeo.

YTOYHEHUTE ONTUMANHWU KOHCTPYKTUBHW NapamMeTpu Ha
3awuTHaTa pamka ca npeactaBeHu B Tabn.2.

Table 2/ Tabnuuya 2

Optimal parameters of the protective frame of protective structure for the transport vehicle TK-215T /
OnmumanHu napamempu Ha 3aWjUumHama paMKa om KOHcmpykyusima 3a 6e3onacHocm 3a eHep2emu4Homo
mpaHcnopmHo cpedcmeo TK-215T

Design parameters / Values /
KoHcmpykmueHu napamempu CmoiHocmu

Dimensions / MabapumHu pasmepu, mm:

- Height / sucoyuHa; 1620

- Width / wupuHa. 782
Height of the vertical part / BucoyuHa Ha eepmukanHama 4acm, mm 1360
Angle of inclination of inclined part / 45
beb/1 Ha HaKMoHa Ha Hak/IoHeHama 4acm om eepmukanama, degree
Weight (with attachments) / Maca (3aedHo ¢ npucbeduHumenHume enemeHmu), kg 26

On the bases of all results a technical documentation
was developed and an experimental model of rollbar
protective structure is worked-out. The newly created
structure, mounted on the transport vehicle TK-215T, is
presented in figure 4.

Mo nonyyeHute pesyntatn € paspaboTeHa TexHU4ecka
OOKymMeHTaums un e wu3paboteH onuTeH obpasey Ha
KOHCTPyKUMA  3a ©GesonmacHocTt oOT Tun  “ponbap”.
HoBocb3pgageHata  KOHCTpyKuuss  3a  GesonacHocT,
MOHTMPaHa BbpPXy €HEepreTUYHOTO TPaHCMOPTHO CPeacTBO

TK-215T, e npeacraBeHa Ha cur.4.
5 R :

L

Fig. 4 - General view of transport vehicle for small farms TK-215T with the newly protective structure / Obw; 8ud Ha
eHepaemu4yHomo mpaHCrnopmHo cpedcmeso 3a Masku 3emedenicku cmomnaHemsa TK-215T ¢ koHcmpykyusama 3a 6esonacHocm

a7



Vol. 35, No.3/2011

CONCLUSIONS

The results of investigation on the dynamic lateral
stability of the transport vehicle for small farms TK-
215T confirmed the correctness of the design
decisions made in its creation.

The obtained limiting values of the angle of
inclination (between 20 ° and 30 ° when driving on the
road with bumps) and of the unevenness on the ground,
which can overcome the vehicle TK-215T (between 346
mm and 294 mm depending on the quantity of load at
the loading platform) and formulas for assessing its
stability may be useful in selection of modes for safe
driving on sloping or uneven land surfaces, and in
comparing it with mobile means with similar technical
parameters and use. Analysis of the results on creation
of protective structure for TK-215T showed that with
the selected configuration and specified design
parameters the newly developed rollbar construction
combines the opportunity for easy attaching and
detaching and provides the necessary strength and
reliability to protect the driver in event of roll-over of
the vehicle.

Another advantage is that this protective structure
can also be installed on the widened modification of
the tractor family, which representative is TK-215T,
and after simple structural changes on the narrow
modification of the same family. In the near future It is
to be tested in laboratory conditions according to
European directives.
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3AKNKOYEHUE:

Pesynratite oT m3cregBaHeTo Ha AuHaMVYHaTa HampeyHa
YCTOMYMBOCT Ha EHEPreTUHHOTO TPaHCTIOPTHO CPEACTBO 3a Mariku
3emepercku ctonaHcTea TK-215T notebpkaasar npaBUimHOCTTa Ha
KOHCTPYKTVBHUTE PELLIEHUS, PearivavipaHy NMpy Cb30aBaHeTo My.

MonyyeHnTe rpaHNUYHM CTOMHOCTW 3a brbfa Ha HakroHa
(mexxay 20° n 30° npu OBWKEHVE Ha MbT C HEPABHOCTW) U 3a
pasvepa Ha HepaBHOCTWUTE, KOUTO MOXe [fa npeogoree
TpaHcnopTHoTOo  cpeactBo  TK-215T 6Ges  omacHocT  OT
npeobpbliyaHe (Mexay 346 mm n 294 mm B 3aBVMCMMOCT OT
KONMMYECTBOTO Ha ToOBapa B ToBapHata nrartdopma) u
13BedeHNTe 3aBMCUMOCTU 3a OLIeHKa Ha HeroBaTta YCTOMYMBOCT
MoraT [a mocnyxat npu u3bopa Ha pexuMmn 3a GesonacHo
OBVKEHME MO HAKMOHEHN UM C HEpaBHa MOBBLPXHOCT TEPEHU,
KaKTO M 33 CPaBHSIBAHETO My C aHaSIOMMYHU MO TEXHWUYECKM
napameTpu 1 npegHasHaveHne MoGUIHK cpeacTea. AHarmaLT Ha
pesyrramre o Cb3aaBaHETO Ha KOHCTPYKUMA 3a GesonacHocT 3a TK-215T
nokaza, Ye ¢ m3dpaHaTa KoHPUNypaLWsi U C YTOMHEHUTE KOHCTPYKTVBHA
napaMeTpn HoBopagpaboTeHata KOHCTPYKLMA 38 6e30macHoCT OT TN
‘parGap’ cb4eTaBa BLAVIOKHOCTTA 33 JIeoeH MOHTaXK M OeMOHTaK U
oanrypsiBa HeobxoyIMaTa 3apaBvHa M HAAEXKOHOCT 3a A 3aLLyTV Boda-a
B CITyMavi Ha MpeolbpbLLIHE Ha TPAHCMOPTHOTO CPEACTRO.

JOomurHATENHO  MpeavMMCTBO  Ha  Cb3dgheHata  3almmHa
KOHCTPYKUMA e (hakma, Ye Moxe Ja Ghae MOHTMpaHa ChLUO BBHpXY
yluwmpeHaTa MoamMvKaLws OT haMurivisTa TpakTopu, MPEeacTaBvTen Ha
Kkosto € TK-215T, a ¢ Heronemm KOHCTPYKTVBHA VBVIEHEHVS! 1 BHDXY THCHATA
MooudmkaLma OT chllara chammriva. B Grmsko Guaelle mpencton
VBMUTBAHETO Ha KOHCTPYKUWATa 3a GesonacHocT B riabopatopHn
YCIOBVS MO YTBBPAEHV C EBPOMNENCKUTE CTaHAAPTVN METOOUKA.
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Abstract. Bread dough of wheat flour is considered a
nenewtonian fluid with complex rheological characteristics,
which manifests itself very differently in the process of
kneading and baking on the technological bakery flow. Its
rheological characteristics must be determined before the
start of kneading process in order to provide adequate
informations to the workers on the flow, in order to choose
and establish appropriate working regimes adopted for
each machine individually. Determining of these
characteristics can be achieved at present with a number
of performant equipment, with data acquisition and
processing on the computer, which equips most
laboratories of high capacity bread plants. The paper
presents results of laboratory tests performed with a
rheometer with plate-plate geometry on a bread dough
and variation of rheological parameters of its (viscosity,
shearing moduluss G' and G", torque, damping factor)
with angular frequency applied to the rheometer upper
plate geometry.

Keywords: bread dough, rheological properties,
shear modulus, storage factor, torque, viscosity, wheat
flour.

INTRODUCTION

In the specialezed literature, the study of flow and
strain in time of the materials under the influence of some
external forces applied to them is attributed to rheology.
The flow consists of continuous and irreversible
development of the strain (strain) of a body under the
action of some forces with known values. At solids, the
phenomenon is called plastic flow, while at the liquids is
called viscous flow. This means that the rheology aims the
thorough knowledge of reaction or response of materials
to the action of some external forces by studying the strain
and flow of materials at phenomenological level. In this
context, the materials are considered continuous mediums
and not take into account either the anisotropic crystalline
structure nor the discrete structure of the material. It is
considered therefore that any real body has at the same time
both elastic properties as well as viscous or plastic properties,
and bodies are distinguished between them only insofar as
these properties are manifested in their behavior [4,7].

Viscoelasticity is studied using dynamic mechanical
analysis in which an oscillating force (stress) is applied to
a material and the resulting displacement (strain) is the
measured value [5].

At the purely elastic materials, the stress and the strain
occur in phase, so the answer of one appears
simultaneously with the other. At the pure viscous
materials, there is a phase difference between stress and
strain, in which the strain is delayed to the stress by an
angle of 90 degrees (n/2 radians) phase gap [1,3,8].

Viscoelastic materials exhibit a behavior between that
of purely viscous and purely elastic materials, with a
phase gap different in strain.

For accurate characterization from the rheological point
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Rezumat. Aluatul de péine din féind de gréu este
considerat un fluid nenewtonian cu caracteristici reologice
complexe, care se manifestad foarte diferit in procesul de
framéntare si prelucrare pe fluxul tehnologic de panificatie.
Caracteristicile sale reologice trebuie sa fie determinate
inainte de Tnceputul procesului de framantare pentru a se
putea furniza informatii corespunzatoare lucratorilor de pe
flux, in vederea alegerii si stabilirii corespunzétoare a
regimurilor de lucru adoptate pentru fiecare utilaj Tn parte.
Determinarea acestor caracteristici se poate realiza, n
prezent, cu o serie de aparate performante, cu achizitie de
date si prelucrare pe calculator, care doteazad majoritatea
laboratoarelor fabricilor de paine de capacitati mari. in
lucrare se prezinta rezultatele unor teste de laborator
efectuate cu un reometru cu geometrie placa-placa asupra
unui aluat de péine gi variatia parametrilor reologici ai
acestuia (vascozitate, modulele de forfecare G’ si G’
moment de torsiune, factor de amortizare) cu frecventa
unghiulara aplicata placii superioare a geometriei reometrului.

Cuvinte cheie: aluat de paine, factor de inmagazinare,
faind de gréu, modulul de forfecare, moment de torsiune,
proprietéti reologice, vascozitate.

INTRODUCERE

in literatura de specialitate, studiul curgerii si al
deformatiei in timp a materialelor sub actiunea unor forte
exterioare aplicate acestora este atribuit reologiei.
Curgerea consta in dezvoltarea continua si ireversibila a
deformarii unui corp sub actiunea unor forte de valori
cunoscute. La solide, fenomenul se numeste curgere
plastica, in timp ce la lichide este numit curgere vascoasa.
Aceasta inseamna ca reologia vizeazd cunoasterea
aprofundata a reactiei sau a raspunsului materialelor la
actiunea unor forte externe, studiind deformatia si
curgerea materialelor la nivel fenomenologic. in acest
context, materialele sunt considerate medii continue si nu
se tine seama nici de structura cristalinad anizotropa, nici
de structura discreta a materialului. Se considera, deci, ca
orice corp real are in acelasi timp atat proprietati elastice,
cat si proprietati vascoase sau plastice, iar corpurile se
deosebesc intre ele numai prin masura in care se
manifesta aceste proprietati in comportarea lor [4,7].

Vascoelasticitatea este studiatd folosind analiza
mecanica dinamica in care o fortd (tensiune) oscilatorie
este aplicatd unui material, iar deplasarea (deformatia)
rezultatda este marimea masurata [5].

La materialele pur elastice, tensiunea si deformatia
apar in faza, astfel incat raspunsul unuia apare simultan
cu celdlalt. La materialele pur vascoase, exista o diferenta
de faza intre tensiune si deformatie, in care deformatia
este intarziata fata de tensiune printr-un unghi de 90 de
grade (n/2 radiani), decalaj de faza [1,3,8].

Materiale vascoelastice manifesta o comportare intre
cea a materialelor pur vascoase si pur elastice,
prezentand un decalaj de faza diferit in deformatie.

Pentru caracterizarea cat mai corecta din punct de vedere
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of view of a material it is necessary to measure a field of
properties, because the product may be subjected to
different stress conditions in very short periods of time.

In general, the complex flow of a fluid is studied in
simple flow fields in order to determine the properties
(functions) of it, such as viscosity, normal stress
coefficients or dynamic moduluss. These functions of
materials are used in their turn to select the most
appropriate mathematical models to describe the rheology
of these fluids (so-called constitutive equations) that allow
prediction of the type of flow in the case of complex
geometries [8].

In work [6], were performed oscillatory tests on the
dough of flour of different origins, tracing the graphics of
storage and loss moduluss, G' and G" and of dynamic
viscosity, n', as frequency functions, taken in the linear
viscoelastic region (0,1% strain amplitude). It was found
that the storage modulus of standard dough from soft
flours is higher than the standard dough of hard flours,
while the storage modulus of soft dough with absorption
capacity of 66% overlaps with that of the hard dough. In
addition, the loss moduluss (and therefore dynamic
viscosity) of weak and strong flours are almost identical. In
the field of low frequency where the dough is almost at
rest or slightly excited, the phase gap, d = tan™ (G"IG") is
of the order of 25° that is quite elastic [4,5,6].

There are two main types of analyzers in use today:
forced resonance analyzers and analyzers for free
resonance. The free resonance analyzers measure the
damping of free oscillations of the sample tested by
suspension and oscillation. Forced resonance analyzers
are the most frequent types of analyzers, at which the
sample oscillates at a specific frequency. Most often, to
characterize the rheological properties of different
materials are used the rheometers. The active parts of a
rheometer are the parts comming into contact with the
material on which testing is carried out. These geometries
can be of the type: plate - plate, cone - plate, cone - cone
or coaxial cylinders (Fig. 1) [8].
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reologic a unui material este necesara masurarea unui
domeniu de proprietati, deoarece produsul poate fi supus unor
conditii diferite de solicitare, in perioade foarte scurte de timp.

in general, curgerea complexd a unui fluid se studiaza
pe domenii simple de curgere cu scopul de a determina
proprietatile (functile) acestuia, cum sunt: véascozitatea,
coeficientii tensiunilor normale sau modulele dinamice.
Aceste functii de material sunt utilizate, la randul lor, pentru a
selecta cele mai potrivite modele matematice pentru
descrierea reologiei acestor fluide (asa numitele ecuatii
constitutive) care permit prezicerea tipului de curgere n
cazul geometriilor complexe [8].

In lucrarea [6], au fost efectuate teste oscilatorii asupra
aluaturilor din fainuri de diferite origini, traséndu-se graficele
modulelor de depozitare si pierdere, G’ si G" si vascozitatii
dinamice, 1, ca functi de frecventa, luate n regiunea
vascoelastica liniara (la 0,1% amplitudinea deformatiei). S-a
constatat ca, modulul de stocare al aluatului standard din fainuri
moi este mai mare decat cel al aluatului standard din fainuri
puternice, in imp ce modulul de stocare al aluatului moale cu
capacitatea de absorbtie 66% se suprapune peste cel al
aluaturilor tari. Tn plus, modulele de pierderi (si, prin urmare,
vascozitatea dinamica) ale fainurilor slabe si putemice sunt
aproape identice. Tn domeniul de frecvents joasa unde aluatul
este aproape in repaus sau usor excitat, decalajul de faza, d =
tan'l(G"/G'), este de ordinul a 25° adica destul de elastic [4,5,6].

Exista doua tipuri principale de analizoare utilizate in
prezent: analizoare de rezonanta forfata si analizoare de
rezonantd liberd. Analizoarele de rezonantad libera
masoara oscilatiile libere de amortizare ale probei testata
prin suspendare si oscilare. Analizoare de rezonanta
fortata sunt cele mai frecvente tipuri de analizoare, la care
proba oscileaza la o anumitd frecventa. Cel mai adesea,
pentru caracterizarea proprietatilor reologice ale diferitelor
materiale, se utilizeaza reometrele. Partile active ale unui
reometru sunt partile care intra in contact cu materialul
asupra caruia se efectueaza testele. Aceste geometrii pot
fi de tipul: placa — placa, con — placa, con — con sau
cilindri coaxiali (fig. 1) [8].

Force

Force

Torsional Axial

Fig. 1 - Types of geometry of a rheometer and their movement /
Tipuri de geometrii ale unui reometru si miscarea acestora
a) coaxial cylinders, b) cone - plate c) plate - plate d) movement of rheometer plates
a) cilindri coaxiali, b) con — placd; c) placa — placa; d) miscarea pléacilor reometrului

THEORETICAL ELEMENTS

In a viscoelastic material, the stress and strain can be
represented using the equations [2,4]:

- the strain:

ELEMENTE TEORETICE

Intr-un material vascoelastic, tensiunea si deformatia
pot fi reprezentate folosind ecuatiile [2,4]:

- deformatia:

£=¢gy8in BT (1)

- the stress

- tensiunea:

o=0,5N ®t+p @)
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where: w is the frequency of oscillation strain, t is time and unde: w este frecventa oscilatiei deformatiei, t este timpul,
phase shift @ is between stress and strain. iar @ este decalajul de faza intre tensiune si deformatie.

In case of oscillatory shear measurements or of those Tn cazul masuratorilor de forfecare oscilatorie sau a celor
dynamo-mechanical on a fluid is applied a shear field dinamo-mecanice asupra unui fluid se aplica un camp de
varying sinusoidal and it is measured the shear amplitude forfecare ce variaza sinusoidal si se masoara amplitudinea
and phase angle between the imposed shear and the tensiunii de forfecare rezultate si unghiul de faza intre
stress [4]. Testing is under linear viscoelastic regime if the forfecarea impusa si tensiune [4]. Testarea este in regim
stress is linearly proportional to the imposed strain and the liniar vascoelastic daca tensiunea este liniar proportionala cu
stress response is sinusoidal. For these tests, the storage deformarea impusa si raspunsul tensiunii este sinusoidal. Tn
modulus and the loss modulus inside the viscoelastic cazul acestor teste, modulul de depozitare si modulul de
solids measure the energy stored, representing the elastic pierderi in corpurile solide vascoelastice masoara energia
portion and dissipated energy as heat, representing the stocata, reprezentand portiunea elastica si energia disipata
viscous portion [5]. The storage modulus E', respectively sub forma de caldura, reprezentand portiunea vascoasa [5].
that of loss E" at traction, are defined by the relations: Modulul de depozitare E’, respectiv cel de pierderi E”, la

tractiune, sunt definite de relatiile:

. O W Oo .
E'=—2 cosg E'=—Csing ®3)
o )
Phase angle is given by: Unghiul de faza este dat de relatia:
E"
tangp = — 4)
El

Relation (4) shows the relative effects of elastic and Relatia (4) arata efectele relative ale componentelor
viscous components in viscoelastic behavior. elastice i vascoase in comportamentul vascoelastic.

Similarly can be defined the storage and loss In mod similar pot fi definite modulusle de stocare si
moduluss at shearing, G' and G". pierderi, la forfecare, G’ si G”.

The complex variables can be used to express of Variabilele complexe pot fi utilizate Tn exprimarea
moduluss E and G as follows: moduluslor E si G astfel:

E=E+HE" G=G'+iG" (5)
where i is the imaginary unit (i¥ = —1). unde i este unitatea imaginara (i = -1).

The complex modulus G* at shear, can be Modulul complex G, la forfecare, poate fi determinat

determined from the relation: din relatia:
* ,

It is important to note that the strain or stress used in Este important de subliniat faptul ca deformarea sau tensiunea
low amplitude oscillatory dynamic tests are very small, utilizate Tn testarile dinamice oscilatorii de joasa amplitudine sunt
often of 1%, 3% or 5%, to ensure that the material foarte mici, de cele mai multe ori de 1%, 3% sau 5%, pentru a se
response will be in the linear domain, in which the stress asigura ca raspunsul materialului va fi in domeniul linear, domeniu in
is proportional to the applied strain [2,4,5,6]. care tensiunea este proportionala cu deformarea aplicata [2,4,5,6].

Similarly, the complex viscosity n* can be defined in In mod similar, vascozitatea complexa n poate fi
terms such as the real part ' or imaginry n” of viscosity. definita in termeni precum partea reala ' sau imaginara n”
G, G", and 1" and n” allow rheological characterization de vascozitate. G, G, si ' si " permit caracterizarea
of viscoelastic material based on a dynamic oscillating reologica a materialului vascoelastic pe baza unui test
test SAOS. dinamic oscilatoriu SAOS.

MATERIAL AND METHOD MATERIAL S| METODA

Were performed dynamic oscillatory tests of low Au fost efectuate teste dinamice oscilatorii de joasa
amplitude SAOS on a bread dough prepared with the amplitudine SAOS pe un aluat de paine preparat Tn
Brabender laboratory farinograph, type E after drawing of laborator cu farinograful Brabender, tip E, dupa trasarea
the farinograph curve. The dough was prepared from FA- curbei farinografice. Aluatul a fost preparat din faina de
480 wheat flour for bakery and pastry, using distilled water grau FA-480, pentru produse de panificatie si patiserie,
in 60% against the flour. utilizdnd apa distilatd in procent de 60% fata de faina.

Farinographic test resulted in a dough consistency of 550 Testul farinografic a determinat o consistenta a aluatului
FU@FU=z 10° N-m ), a development time of 1.8 min., the de 550 FU (1 FU = 10° N-m), un timp de dezvoltare de

stability of 1,5 min and the correction of the absorption 1,8 min, stabilitatea de 1,5 min, iar corectia capacitatii de
capacity for a consistency of 500 FU of 61.4%, which absorbtie pentru o consistentd de 500 FU de 61.4%, ceea
means that the dough was prepared a little harder than ce Tnseamna ca aluatul a fost preparat putin mai tare
the normal consistency (550 FU against 500 FU). decat consistenta normald (550 FU fata de 500 FU).
The flour humidity, determined with RH Kern 120-3 Umiditatea fainii, determinatd cu o termobalantd Kern RH
thermobalance, was 11.3% (reported to the wet mass). 120-3, a fost de 11,3% (raportata la masa umeda).

From the resulting dough mass has been achieved a Din masa de aluat rezultatd, a fost realizata o
test piece with about 25 mm in diameter and about 5 mm epruveta cu diametrul de circa 25 mm si grosimea
thickness, which was laid on the lower plate of a Physica aproximativ 5 mm, care a fost asezata pe placa de jos a
MCR- 301 rheometer, using a plate-plate geometry (fig. unui reometru Physica MCR-301, utilizdndu-se o
1,c) [8]. geometrie de tip placa-placa (fig.1,c) [8].

After approaching of the two plates at a convenient Dupa apropierea celor doua placi la o distanta
distance for the test (d = 1 mm), the dough excess from convenabila testului (d = 1 mm), surplusul de aluat de pe
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the edge of plates was cut and removed with a sharp knife
blade. The rheometer plates were kept at a constant
temperature of about 27 °C and the working chamber was
closed so that the water loss during the test to be as small
as possible.

The angular oscillation frequency w varied within 500-
0.05 rad/s and vice versa, in 41 steps and the relative
strain amplitude was 0.1 (10%).

The experiment was carried out in specialized
laboratory of the Department of Hydraulic Machinery
Hydraulic and Environmental Engineering, University
Politehnica Bucharest, in April 2011.

RESULTS

The test lasted about 2,5 hours and the results
were processed in Excel 2003 on a PC. Were drawn
the charts for shear moduluss G’and G”, complex
viscosity n*, torque, shear stress and storage factor,
depending on the angular frequency, in logarithmic
coordinates.

Variation of moduluss for storage G’ and loss G”
together with the viscosity variation n* with the angular
speed are shown in Fig. 2.
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marginea placilor a fost taiat si Tndepartat cu un cutit cu
lama ascutita. Placile reometrului au fost mentinute la o
temperatura constanta de circa 27°C, iar incinta de lucru a
fost nchisa pentru ca pierderea de apa in timpul testului
sa fie cat mai mica.

Frecventa unghiulara de oscilatie w a variat in limitele
500-0,05 rad/s si invers, in 41 de pasi, iar amplitudinea
deformatiei relative a fost 0,1 (10%).

Experimentul a fost efectuat in laboratorul de
specialitate al Catedrei de Hidraulica, Masini hidraulice si
Ingineria mediului, din Universitatea Politehnica Bucuresti,
n aprilie 2011.

REZULTATE

Testul a durat circa 2,5 ore, iar rezultatele obtinute au
fost prelucrate in programul Excel 2003, pe un calculator
PC. Au fost trasate graficele moduluslor de forfecare G’ si
G”, vascozitati complexe n*, momentului de torsiune,
tensiunii de forfecare si factorului de inmagazinare, in
functie de frecventa unghiulara, in coordonate logaritmice.

Variatia moduluslor de depozitare G’ si de pierderi G,
impreuna cu variatia vascozitatii n*, cu viteza unghiulara
sunt prezentate in fig. 2.
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Fig. 2 - Storage modulus G’, loss modulus G” and complex viscosity n* (a) respectively the shear stress t (b),
depending on the angular frequency w / Modulul de depozitare G’, modulul de pierderi G” si vascozitatea complexa n* (a), respectiv
tensiunea de forfecare = (b) in functie de frecventa unghiulara o

In figure 2,b is shown the variation during the test of
the stress shear and also depending on the angular
speed w .

The analysis of graphs in fig. 2,a, shows that shear
moduluss have very similar values for most angular
frequency, but, in the area of large angular frequencies, the
storage modulus G’ has an atypical variation, which means
that the elastic part of the dough changes with angular
frequency, but this may be due to loss of water during the
test.

In fig.3 are shown variations of torque and damping
factor also with angular frequency w. For all graphs
presented, it was more convenient to draw them into
logarithmic coordinates so that variation of parameters to
have a corresponding allure.

From the analysis of torque and stress shear graphs,
it is found that the allure of variation curves it is very
similar, indicating that the two quantities are directly
proportional.

The viscous damping factor of the dough, which is the
ratio between viscous modulus and elastic modulus,
respectively G"/G’ = tan ¢, has an irregular variation, as
well as the storage modulus, especially in the high angular
frequencies, so as can be seen in figure 3,b. As | already
said, because of the duration of test relatively high (about
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in fig.2,b este prezentata variatia in timpul testului a
tensiunii de forfecare, de asemenea, in functie de viteza
unghiulara w.

Din analiza graficelor din fig.2,a, se constatd ca
modulusle de forfecare au valori foarte apropiate, pentru
majoritatea frecventelor unghiulare, dar, n zona
frecventelor unghiulare mari, modulul de depozitare G’,
are o variatie atipica, ceea inseamna ca partea elastica a
aluatului se modifica cu frecventa unghiulara, dar acest
lucru se poate datora si pierderii de apa in timpul testului.

In fig.3, sunt prezentate variatile momentului de torsiune si
factorului de amortizare, de asemenea, cu frecventa
unghiulara w. Pentru toate graficele prezentate, a fost mai
convenabila trasarea acestora in coordonate logaritmice, astfel
incat variatia parametrilor sa aiba o alura corespunzétoare.

Din analiza graficelor momentului de torsiune si
tensiunii de forfecare, se constata ca alura curbelor de
variatie este foarte asemanatoare, ceea ce arata ca cele
doud marimi sunt direct proportionale.

Factorul de amortizare vascoasa al aluatului, care
reprezinta raportul dintre modulul vascos si modulul
elastic, respectiv G"/G’ = tan ¢, prezintda o variatie
neuniforma, la fel ca si modulul de depozitare, in special
in zona frecventelor unghiulare mari, asa cum se poate
observa din figura 3,b. Dupa cum am mai spus, datorita
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2.5 hours), it is possible that the dough should be lost

from the initial humidity, especially because it was made

from the very beginning as a dough with hard consistency
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timpului de test destul de mare (circa 2,5 ore), este posibil
ca aluatul sa fi pierdut din umiditatea initiala, mai ales ca
el a fost realizat inca de la inceput ca un aluat de
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It has not been determined the dough humidity after
the oscillating test, but its initial humidity (based on
percentage of humidity in flour and water added) was
about 44,56%.

It should be noted that all relevant rheological values
in the dynamic oscillatory tests presents a hysteresis,
which concludes that the material stores energy, being as
we know a visco-elastic-plastic  material  with
characteristics differing to those of the ideal elastic
materials, but also to those of the ideally viscous fluids.

We should also add that the test was conducted for
strains up to 10%, somewhat higher than the
recommended limits of the specialty literature for tests on
ordinary fluid and the results are presented for these
values of the amplitude of strain.

CONCLUSIONS

Although the linear viscoelasticity is ideal to ensure
informations on improving and understanding the structure
and organization of material, the majority operations of
food processing and especially of dough involves rapid and
large strains that can not be modeled using only the theory
of linear Vviscoelasticity. In general, an investigation
involving a SAOS method must begin with determination of
strain or strass limits for which is applicable the theory of
linear viscoelasticity. Therefore, a strain test or a test of
progressive increase of strain must be done at a low
frequency (eg 1 Hz) by increasing the strain amplitude or
stress imposed. Once the limit of linear viscoelasticity is
determined the other experiments may be performed,
carried out at strains or stresses into this limit.

Being aware of the dynamic properties like G’ and G"
allows estimation of other linear viscoelastic properties as
well as material conduct in other types of deformations
such as stretching and compression.

The paper did not proposed to make a comparison of
data from the specialty literature on dynamic oscillatory
tests on bread doughs with the data obtained by us in
experiments, but only to present the variation of relevant
parameters that can be determined through such tests
over this material which presents particularly complex
rheological characteristics, influenced by a multitude of
factors.

However, the tests presented show how much and at
what values of angular velocity of bread dough may break
or deform to without breaking, which is important to know
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Nu a fost determinata umiditatea aluatului dupa testul
oscilatoriu, dar umiditatea sa initiala (calculata pe baza
procentelor de umiditate din faina si apa adaugata) a fost
de circa 44,56%.

Este de remarcat faptul ca toate marimile reologice
relevante Tn testele dinamice oscilatorii prezinta un histerezis,
ceea ce concluzioneaza ca materialul inmagazineaza
energie, fiind dupa cum stim un material vasco-elasto-plastic,
cu caracteristici diferite de cele ale materialelor ideal elastice,
dar si de cele ale fluidelor ideal vascoase.

Ar mai fi de adaugat faptul ca testul a fost realizat pentru
deformatii Tn limita a 10%, ceva mai mari decét limitele
recomandate de literatura de specialitate pentru teste asupra
fluidelor obignuite, iar rezultatele sunt prezentate pentru
aceste valori ale amplitudinii deformatiei.

CONCLUZII

Desi vascoelasticitatea liniara este ideala pentru a asigura
informatii cu privire la imbunatatirea si intelegerea structurii si
organizarii unui material, majoritatea operatilor de procesare
alimentara si in special a aluatului implica deformatii rapide si largi
care nu pot fi modelate utilizand doar teoria vascoelasticitatii
liniare. In general, o investigatie ce implicd o metoda SAOS
trebuie sa inceapa cu determinarea deformarii sau a limitei de
tensiuni pentru care teoria de vascoelasticitate liniara este
aplicabila. De aceea, un test de deformare sau un test de
crestere progresiva a tensiunii trebuie realizat la o frecventa mica
(de ex. 1 Hz) prin cresterea amplitudinii deformarii sau tensiunii
impuse. Odata ce limita de vascoelasticitate liniara este
determinata se pot realiza celelalte experimente, realizate la
deformari sau tensiuni in aceasta limita.

Cunoasterea proprietatilor dinamice precum G’ si G”
permite estimarea celorlalte proprietati vascoelastice
liniare cat si comportamentul materialului in alte tipuri de
deformari, precum intinderea sau compresiunea.

Lucrarea nu si-a propus sa faca o comparatie a datelor
din literatura de specialitate referitoare la testele dinamice
oscilatorii asupra aluaturilor de paine cu datele obtinute de
noi la experimentari, ci numai sa prezinte variatia
parametrilor relevanti ce pot fi determinati prin astfel de
teste asupra acestui material care prezinta caracteristici
reologice deosebit de complexe, influentate de o
multitudine de factori.

Totusi, testele prezentate arata cat de mult si la ce valori
ale vitezei unghiulare aluatul de paine se poate rupe sau poate
sa se deformeze fara a se rupe, lucru important de cunoscut
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the operations of the technological flow of bread (kneading,
division, modeling) in order to choose the best mode of
machine operation.

It is noted that the storage module and module
losses were approximately equal values and variations,
changes in relatively large angle, so the dough looked
viscous component is relatively flush with the elastic
component. It is noteworthy that the viscosity varies
greatly for relatively large variations in angular
frequency.

We plan further investigations in this area doughs for
bakery and the influence of various additives or additives
on rheological characteristics of these tests obtained by
using dynamic oscillatory reometrelor with cone-plate
geometry and plate-like.
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pentru operatile din cadrul fluxului tehnologic de panificatie
(framantare, divizare, modelare), in vederea alegerii celui
mai bun regim de functionare al utilajului.

Se constatd ca atat modulul de inmagazinare, cat si
modulul de pierderi au valori i variatii aproximativ egale, la
variatii unghiulare relativ mari, deci componenta vascoasa
a aluatului analizat este relativ la acelasi nivel cu
componenta elastica. Este de remarcat ca vascozitatea
prezintd variatii importante pentru variatii relativ mari ale
frecventei unghiulare.

Ne propunem continuarea investigatiilor in acest domeniu pe
aluaturi pentru produse de panificatie si determinarea influentei
diferitilor aditivi sau adaosuri asupra caracteristicilor reologice
ale acestora obtinute prin teste oscilatorii dinamice cu ajutorul
reometrelor cu geometrii de tip con-placa sau placa-placa.
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Abstract: The utilization of biodegradable oils instead of
conventional lubricating oils is a compulsory measure to be
taken in order to ensure environment protection and
diminish the greenhouse effect noxious emissions. This
article presents the experimental research performed
within Testing Department of INMA Bucharest, on 4 types
of oils, out of which two are biodegradable oils (BIORAL S
and BF) and two conventional oils (LS HUS and T9OLP-
2S), aiming to determinate their lubricating properties, oils
lubricating features (density, viscosity, refraction index,
calorific power) found up before the beginning of
endurance tests and afterwards, as well as the effects of
abrasive particles contamination (sawdust, fine particles of
soil, leaves fine particles) on biodegradable and
conventional oils lubricating properties.

Keywords: contamination, shearing, lubricating properties,
biodegradable olil

INTRODUCTION

Bio-lubricants are not new on the market, vegetable
oil appearing starting with 70s. Their lubricating effect
was already known, other arguments such as
regeneration, biodegradation, non-toxicity, viscosity
stability along with temperature changing, low volatility,
one molecule layer on metallic surfaces aimed to protect
against corrosion and reduce friction being well
substantiated [1, 8].

Utilization of environmental-friendly lubricants began to
develop in Europe, North America and other world areas,
bio-lubricants, obtained from oils, vegetal and animal
grease being considered as ecological products.

Lubricants, as all ,components” belonging to industrial,
commercial or domestic activities influence health and
safety of persons which use them , and, at the same time
the environment. Although the health, safety and
environment problems which lubricants industry faces do
not differ very much of others encountered by other
industries, they are rather important and present certain
technical and commercial dilemmas, one of them being not
able to be avoided [1, 2, 3, 10].

Lubricants influence health, safety and environment
during all stages of production, utilization and removal.
They should not be noxious for human health by contact or
inhaling when they are produced and used. Their
accidental or deliberate spilling can cause ecological
disasters in environment sensible areas, such as forestry,
agricultural, mining, building or phreatic layer zones [1, 2,
3, 10].

We must mention that ,health and safety” have been
associated mainly with people, while the environment
refers to other life forms of the planet. restul de pe planeta.
Furthermore, the difference between the two thematic
areas is rather vague, therefore, many things which affect
or harm the environment are likely to damage people
health and vice-versa.
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Rezumat: Utilizarea unor uleiuri biodegradabile ca inlocuitor
pentru uleiurile conventionale de lubrifiere este un pas care
trebuie facut pentru protectia mediului inconjurator si scaderea
emisiilor de noxe cu efect de serd. In cadrul acestui articol se
prezintd cercetarea experimentala realizatd in cadrul
Departamentului de Incercari al INMA Bucuresti, pe 4 tipuri de
uleiuri, dintre care doué biodegradabile (BIORAL S si BF) si
doud conventionale (LS HUS si T90LP-2S), in vederea
determindrii proprietétilor lubrifiante ale acestora, proprietétile
lubrifiante ale uleiurilor (densitate, viscozitate, indice de
refractie, putere caloricd) fiind determinate inainte de inceperea
testari la andurantd si dupd aceea, precum si efectele
contamindrii cu particule abrazive (praf de rumegus, particule
fine de pamant, particule fine de frunze) asupra proprietatilor
lubrifiante ale uleiurilor biodegradabile si conventionale.
Cuvinte cheie: contaminare, forfecare,
lubrefiante, ulei biodegradabil

proprietati

INTRODUCERE

Dezvoltarea bio-lubrifiantilor nu este o aparitie noua,
uleiurile vegetale aparand in centrul atentiei la sfarsitul anilor '70.
Efectul lor de lubrifiere era deja cunoscut aparand si alte argumente
ca: regenerarea, biodegradabilitatea, non-toxicitatea, stabilitatea
vascozitdti odatd cu schimbarea temperaturii, volatilitatea joasa,
stratul unimolecular pe suprafetele metalice care sa
protejeze impotriva coroziunii si sa scada frecarea, dar si
faptul ca nu se bio-acumuleaza [1, 8].

Folosirea lubrifiantilor responsabili in ceea ce priveste mediul
a inceput sa se dezvolte in Europa, America de Nord si in
alte regiuni, bio-lubrifiantii, produsi din uleiuri si grasimi
vegetale si animale, sunt priviti ca prietenosi mediului.

Lubrifiantii, ca toate ,componentele” din orice activitate
industriala, comerciala sau domestica, influenteaza sanatatea
si siguranta persoanelor care i folosesc si de asemenea
influenteaza si mediul. Desi problemele de sanatate,
sigurantd si mediu cu care se confruntd industria
lubrifiantilor nu difera mult de cele cu care se confrunta
celelalte industrii, ele sunt importante si prezinta un numar
de dileme tehnice si comerciale, unele dintre ele neputand
fi ocolite [1, 2, 3, 10].

Lubrifiantii influenteaza sanatatea, siguranta si mediul
in toate etapele producerii, folosirii si renuntarii la ei.
Trebuie sa nu fie toxici sanatatii umane prin contact sau
inhalare in timpul producerii si folosirii acestora. Varsarea
accidentald sau intentionata a acestora poate avea
potentialul sa cauzeze dezastre ecologice in zonele
sensibile ale mediului, cum ar fi zone forestiere, agricole,
miniere, de constructii sau panze freatice [1, 2, 3, 10].

Trebuie mentionat ca ,sanatatea si siguranta” au fost
asociate in principal cu oamenii, ih vreme ce ,mediul” se
referd la restul de pe planetd. Tn continuare, distinctia
dintre cele doua arii tematice a devenit neclara, tragandu-se
concluzia ca multe din lucrurile care afecteaza sau ranesc
mediul e foarte probabil sa dauneze si sanatatii oamenilor
si vice-versa.
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Recently, the continous concern in impact of earth oil
lubricants on environment has created the possibility of
promoting alternatives available in terms of environment
preserving. Therefore, bio-lubricants have been developed
as one of environmental-friendly products.

Principal characteristics of environmental-friendly
lubrificants, named also bio-lubricants or biodegradable
lubricants are the following: they store energy, have a
longer operating time, less wastes, diminished consume,
can be removed, are recyclable, biodegradable, have low
toxicity and reduced pollution risk for water, soil and air.

Term of bio-lubricants includes a widerange of
products such as hydogenated vegetable oils, high oleic
acid content oils, synthetic esters produced by vegetal
oils.

Advantages and disadvantages of bio-lubricants,
namely reduced air and soil pollution, minimum risks for
health and safety, easy to be destroyed due to their bio-
degradation capacity.

More clearly, the bio-lubricants advantages in
comparison with mineral oils are: good lubricating features,
good properties aimed to fight against corrosion, low
volatility, very low aquatic toxicity, intrinsec
biodegradability, large availability, manufacturing
renewable resources.

For over 50 years and especially in the latest 20 years,
the great producers of lubricants (SHELL, TOTAL, BP,
AGIP, etc) have been developing, producing and trading
lubricants (oils, grease, etc) especially conceived to be used
to agricultural machines and equipment or food industry.

This thing was detremined by the fact that classical
lubricants could not succeed to obtain high and long life
protection performances to these type of equipment,
because the working conditions (uneven soils, oscillating
forces) led to rough operating conditions.

Furthermore, several greatest producers began to
produce themselves lubricants designed to own machines
and equipment (JOHN DEERE) and others.

MATERIAL AND METHOD
Experiments on oil lubricating features (type BIORAL

S, BF, LS HUS and T90 EP2-S) have been performed
within INMA Bucharest, at chemical laboratory of Testing
Department, where before starting the endurance test the
following parameters were determined:

e viscosity,

e density,

e refraction index,

e calorific power.

Finding the oil density

Oils density (fig. 1) tested has been determined by
means of two aerometers ranged between: 0.820--0.880,
respectively: 0.880+-0.940 and a graded cylinder.

The above cylinder was filled with oil, afterwards the
aerometer was dipped without touching the vessel walls.
When the aerometer became stable, the density value
could be read [7].
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In ultimii ani, preocuparea pentru impactul potential al
lubrifiantilor bazati pe petrol asupra mediului, a creat
oportunitatea promovarii unor alternative acceptabile din
punctul de vedere al protectiei mediului. Bio-lubrifiantii au
fost dezvoltati ca unele dintre produsele prietenoase mediului.

Principalele caracteristici ale lubrifiantilor prietenosi
mediului, numiti si bio-lubrifianti sau lubrifianti biodegradabili
sunt: conserva energia, timp de operare mai lung: mai
putine deseuri, consum redus: mai putin se arunca, sunt
reciclabile, sunt biodegradabile, au ecotoxicitate scazuta,
au risc de poluare scazut pentru apa, sol si aer.

Termenul de bio-lubrifianti include o gama larga de lubrifianti,
cum ar fi: uleiuri vegetale, uleiuri vegetale hidrogenate, uleiuri
vegetale cu continut ridicat de acid oleic, esteri sintetici
produsi din uleiuri vegetale.

Avantaje si dezavantaje ale bio-lubrifiantilor: poluare
mai scazutad pentru aer, apa si sol, riscuri minime pentru
sanatate si sigurantd, distrugere mai usoara, datorata
biodegrabilitatii lor.

Mai specific, avantajele bio-lubrifiantilor comparativ cu
lubrifiantii din uleiuri minerale sunt: caracteristici bune de
lubrifiere, proprietati bune de inhibare a coroziunii,
volatilitate scazuta, conducand la emisii scazute, toxicitate
acvatica foarte scazuta, biodegradabilitate intrinseca,
disponibilitate larga, fabricare din resurse regenerabile.

De peste 50 de ani si in special In ultimii 20, marii producatori
de lubrifianti (SHELL, TOTAL, BP, AGIP, etc) au inceput
sa dezvolte, produca si comercializeze lubrifianti (uleiuri,
vaseline, etc) conceputi special pentru utilizare pe maginile
si echipamentele agricole sau industria alimentara.

Acest lucru s-a datorat in special faptului c& lubrifiantii
clasici nu reuseau sa asigure performante ridicate si
protectie de durata acestor tipuri de echipamente intrucat
conditiile de lucru: pe soluri denivelate, forte oscilante, etc.
conduceau la niste conditii de exploatare mai dure.

Mai mult, unii dintre marii producatori au Tnceput sa
produca ei insisi lubrifianti dedicati masginilor si
echipamentelor proprii (JOHN DEERE) si nu numai.

MATERIAL S| METODA

Experimentarile privind proprietatile lubrifiante ale
uleiurilor (tip BIORAL S, BF, LS HUS si T90 EP2-S) sau
efectuat Tn cadrul INMA Bucuresti, la laboratorului chimic
al Departamentul de incercari, unde inainte de a se ncepe
testarea la anduranta s-au determinat urmatorii parametri:

e viscozitate,

densitate,
indice de refractie,
putere calorica.

Determinarea densitatii uleiurilor

Densitatea uleiurilor (fig. 1) supuse testarii s-a determinat
cu ajutorul a doua areometre avand scala de valori: 0,820-0,880,
respectiv: 0,880+0,940 si a unui cilindru gradat.

Cilindrul gradat s-a umplut cu ulei, dupa care s-a
imersat areometrul, farda a se atinge peretii vasului. in
momentul Tn care areometrul s-a stabilizat, a fost citita
valoarea densitatii [7].

s .
Fig. 1 —Oil density test / Determinarea densitatii uleiului
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Finding oil viscosity
Dynamic viscosity (fig. 2) of four oil types has been
determined by a viscometer SV-10 (vibro-viscometer),
permanently monitoring the working temperature as an
essential parameter. By means of this apparatus the
dynamic viscosity has been determined in this way:
- the oil was put up to the level indicated on tank;
- was fixed on bascule the support device;
- vibrating reeds were introduced in oil sample;
- apparatus was started; after the temperature became
steady in whole oil mass, the display showed the final
value of dynamic viscosity.
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Determinarea viscozitatii uleiurilor
Viscozitatea dinamica (fig. 2) a celor patru tipuri de
uleiuri s-a determinat utilizdnd un viscozimetru SV-10
(vibroviscometru), monitorizand in permanenta temperatura
de lucru care este un parametru esential. Cu ajutorul
acestui aparat s-a determinat viscozitatea dinamica, astfel:
- s-apus ulei pana la nivelul indicat pe cuva;
- s-afixat pe bascula aparatului pe suport;
- s-auintrodus lamelele vibratoare in proba de ulei;
- s-a pornit aparatul, s-a asteptat stabilizarea
temperaturii in toatd masa uleiului si s-a citit pe
display valoarea finala a viscozitatii dinamice.

Kinematics viscosity was determined on basis of Viscozitatea cinematica s-a determinat pe baza
dynamic viscosity, using the formula: viscozitatii dinamice, utilizand formula:
v=n/p 1)
where: unde:
n — oil dynamic viscosity; n - viscozitatea dinamica a uleiurilor;
p — oil density. p - densitatea uleiurilor.

Value of kinematic viscosity was recorded on testing
bulletin achieved for each type of oil [4, 5, 6].

Valoare viscozitatii cinematice s-a trecut n buletinul
de incercare realizat pentru fiecare tip de ulei [4, 5, 6].

Fig. 2 — Oil viscosity test/Determinarea viscozitétii uleiului

Finding the oil refraction index

Index of refraction (fig. 3) was determined by
refractometer ABBE ARG6. For this test the apparatus was
calibrated by means of a sample of distilled water, with
known refraction index, after which the trial began. A drop
of oil was put on lighting prism, then the apparatus was
shut. Through the apparatus eyepiece the scale was
monitored and image set by adjusting fine and harsh
knobs so that the limiting line be placed at diagonals
crossing point.

When the image was very clear, one could read the
refraction index value.

| =

Finding the calorific power

The calorific power has been determined (fig. 4) by
means of a calorimeter CAL 2k (calorimetric bomb) as it
follows:
- two oil samples of about 0.5 g each, were weighted ;

Fig. 3 — Refraction index test / Determinarea indicelui de refréc,tie

Deternimarea indicelui de refractie al uleiurilor

Indicele de refractie (fig. 3) s-a determinat cu ajutorul
refractometrului ABBE ARG. Pentru efectuarea determinarii
s-a calibrat aparatul, cu ajutorul unei probe de apa distilata,
cu indice de refractie cunoscut, dupa care s-a trecut la
determinarea propriu-zisa. Pentru aceasta s-a pus o
picatura de ulei pe prisma de iluminare, dupa care s-a
nchis. Prin ocularul aparatului s-a urmarit scala si s-a reglat
imaginea, cu ajutorul butoanelor de reglaj grosier si fin,
astfel incét linia de demarcatie sa fie la intersectia diagonalelor.

In momentul in care imaginea a fost foarte clara, s-a
citit valoarea indicelui de refractie.

Determinarea puterii calorice
Puterea calorica (fig. 4) s-a determinat cu ajutorul unui
calorimetru CAL 2k (bomba calorimetrica), astfel:
- s-au cantarit doua probe de ulei, de aproximativ 0,5
g, fiecare;
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- each sample vat was introduced into apparatus vessel
(calorimetric bomb), which was hermetically shut;

- vessel was pressurized with oxygen up to 30 bar,
into the pressurization device;

- the vessel was introduced into the calorimeter and
START button was pressed;

after burning, the display made available the calorific

power value, and recorded in testing bulletin, relevant for

each oil type.

Testing oils endurance

In order to verify the evolution of oils physical
parameters caused by wear, a testing bench made of a
voltage 0-30 Vcc, a pump with gears (auto type), a timer
and a glass Erlenmayer, were performed. It was able to
test the oil samples (4 types) to endurance, in accelerated
regime, the oil passing through the gear pump, which
performs a shearing operation on it, stimulating the
normal regime operation. The oil discharge was reduced
in comparison with intake section, in order to create an
additional resisting force, which simulates work under
load.

Testing period of each oil type (fig. 5) was established
at 25 hours, in working cycles of 1'15",, 1'15" — break and
an additional break of 30 min per hour and 30 min of
work, the shearing oil quantity being of 75 ml [8].

WA

After 25 testing (shearing) oils BF, LS HUS and T90
EP-2S (fig. 6), the viscosity, density parameters along
with refraction index and calorific power were tested
again.

- o

Fig. 4 — Calorific power test / Determinarea puterii calorice

INMATEH - icultural

- s-aintrodus fiecare cuva cu proba in vasul aparatului
(bomba calorimetrica), care s-a inchis etans;

- vasul a fost presurizat cu oxigen pana la 30 bari, in
dispozitivul de presurizare;

- s-aintrodus vasul in calorimetru si s-a apasat butonul
START;

dupa terminarea arderii s-a citit pe display valoarea puterii

calorice si s-a trecut Tn buletinul de incercare, aferent

fiecarui tip de ulei.

Testarea la anduranta a uleiurilor

Pentru verificarea evolutiei parametrilor fizici ai uleiurilor
datorita uzurii s-a realizat un stand de proba alcatuit dintr-
o sursa de tensiune 0-30 Vcc, o pompa cu roti dintate (tip
auto), un temporizator si un pahar Erlenmayer. Acesta a
oferit posibilitatea testarii esantioanelor probei de ulei (4
tipuri) la anduranta, in regim accelerat, uleiul fiind trecut
prin pompa cu roti dintate care efectueaza o operatie de
forfecare asupra acestuia, simuland functionarea in regim
normal. Sectiunea de evacuare a uleiului a fost micsorata
fatd de sectiunea de admisie, pentru a crea o forta de
rezistentd suplimentara, simuland lucrul in sarcina.

Durata de testare a fiecarui tip de ulei (fig. 5) a fost
stabilita la 25 de ore, in cicluri de 1'15" - lucru, 1'15" - pauza
si 0 pauza suplimentara de 30 min la fiecare 1 ora si 30 min.
de lucru, cantitatea de ulei supusa forfecarii fiind de 75 ml [8].

Dupa 25 de ore de testare (forfecare) a uleiurilor BF,
LS HUS si T90 EP-2S. (fig. 6), s-au determinat din nou
parametrii: viscozitate, densitate, indice de refractie si
putere calorica.

— —

Fig. 6 — The three types of experimenting oils aftre shearing (before contamination) /
Cele trei tipuri de uleiuri experimentale dupa forfecare (inainte de contaminare)
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At the same time, the abrasive particles contamination
effects on biodegradable and conventional oils lubricating
features are researched.

For the experiments have been taken into account the
effects of external agents contamination in case of a
motosaw (mechanical saw type), equipment with which
INMA is endowed.

The three oil samples (BF, LS HUS and T90 EP2-S)
have been contaminated with (fig. 7):

e sawdust,
« fine earth particles,
fine leaves particles.

INMATEH - icultural

De asemenea au fost studiate si efectele contaminarii
cu particule abrazive asupra proprietatilor lubrifiante ale
uleiurilor biodegradabile si a celor conventionale.

Pentru experimentari s-a luat in considerare efectele contaminarii
cu agenti externi in cazul unui motoferastrau (tip drujba),
echipament din domeniul de lucru al INMA Bucuresti,
unde se poate intalni cel mai des aceasta situatie.

Cele trei probe de ulei (BF, LS HUS si T90 EP2-S) au
fost contaminate cu (fig. 7):

e praf de rumegus,

e particule fine de pamant,

particule fine de frunze.

Fig. 7 — Experimental oils polluting agents / Agentii de infestare a uleiurilor experimentale

The contamination was performed for each oil type as

it follows:

= Step 1: sawdust was added into sampling oil vessel,
which represents the highest contamination possible,
especially in case of motosaw, where the chain
directly touches the sawdust, the oil having the role
of greasing the chain;

= Step 2: fine earth particles were added in sample
vessel (already contaminated by sawdust), the
motor-saw blade in some situations (to cut the root of
the tree) touching also the soil;

= Step 3: in the vessel contaminated by sawdust and
fine particles of earth were added fine particles of
leaves (fig. 8).

Contaminarea s-a realizat, pentru fiecare ulei In parte

astfel:

= Pasul 1: in vasul cu ulei de proba s-a adaugat praf de
rumegus, care reprezinta cea mai intalnita contaminare,
in special in cazul lamei motoferastraului unde lantul
intrd in contact direct cu praful de rumegus, uleiul
avand in acest caz rolul de ungere a lantului;

= Pasul 2: s-au adaugat particule fine de pamant in vasul
de proba (contaminat deja cu praf de rumegus), lama
motoferastraului, Tn anumite situatii (la tdierea de la
radacina a copacilor), luand contact si cu solul;

= Pasul 3: in vasul de proba contaminat cu praf de
rumegus si particule fine de pamant s-au adaugat si
particule fine de frunze (fig. 8).

Fig. 8 — .Oils polluting with.sawdust, fine particles of earth and fine particles of leaves /
Infestarea uleiurilor cu: praf de rumegus; particule fine de pamant si particule fine de frunze
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The quantity of contaminating agents and
contaminating degree have been established related to
contaminating probability of motor-saw blade oil (during
the work)by one of the three agents: sawdust, fine
particles of earth and fine particles of leaves as long as
the blade contacts the respective agent.

Therefore, the contaminating share was set for
each sample oil such as: cu 1% sawdust, 0.5% fine
particles of earth and 0.25% fine particles of leaves,
taking into account the fact that the unlikeliest
possibility of contamination is with fine leaves particles,
due to lack of adhesion of particles, especially to
blade.

After having mixed and agitated those types of
abrasive particles with each oil type, the density,
viscosity, refraction index have been tested and after the
last contamination the calorific power was also tested.

RESULTS

Results of experiment to determine: viscosity,
density, refraction index and calorific power before and
after the process of shearing, for the four types of oils are
shown in table 1.

INMATEH - icultural

Cantitatea de agenti de contaminare si gradul de
contaminare s-a stabilit functie de probabilitatea de
contaminare a uleiului de pe lama motoferastraului (in
lucru) cu unul dintre cei trei agenti: praf de rumegus,
particule fine de pamant si particule fine de frunze si cat
timp ia contact lama cu agentul de contaminare.

Astfel s-a stabilit ca fiecare ulei de proba experimental
sa fie contaminat cu: 1% praf de rumegus, 0,5% particule
fine de pdmant si 0,25% particule fine de frunze, tinandu-
se cont ca probabilitatea de contaminare cu particule fine
de frunze este cea mai rar intalnita si contaminarea cu
acest agent se realizeaza intr-un procent mai mic datorita
lipsei de adeziune a acestor particule la lama, in special.

Dupa amestecarea si agitarea acestor tipuri de particule
abrazive cu fiecare tip de ulei in parte, s-au reefectuat
determinari ale: densitatii, viscozitatii, indicelui de
refractie, iar dupa ultima contaminare si puterea calorica.

REZULTATE

Rezultatele experimentarilor pentru determinarea:
vascozitatii, densitatii, indicelui de refractie si ale puterii
calorice inainte si dupa procesul de forfecare, pentru cele
patru tipuri de uleiuri sunt prezentate in tabelul 1.

Table 1/ Tabel 1

Moment (time when Viscosity / Viscozitatea | |,qex of | CalOrific | Temperature atwhich
measurement was Tvpe of oil / | Density/ refraction /| POWer/ measu][emené \/Nas
performed) / Momentul y%)‘ lei Densitatea n v Indice d Putere Teprﬁr grrg?ﬁra la
i | cand s-a efectuat 'p utel [g/cm?] . 2 naice ¢ | calorica P
(timpul cand g [mPa-s] [mm%/s] refractie ¢ care s-a efectuat
mdsurétoarea) ’ [Mj/Kg] | mésurétoarea [°C]
Before the process starting / 1.4780/ 38.779/
Tnainte de inceperea procesului Bioral-S 0.925/0,925 161 174 1,4780 38,779 19
After the process ending / 1.4760/ 38.907 /
Dupé terminarea procesului 0923/0,923 | 127  |1376/137.6| "y 476y | 38907 21.5/21,5
Before the process starting / 1.4745/ 39.356 /
Tnainte de inceperea procesului BE 0.921/0,921 169 1835/183,5 1,4745 39,356 19
After the process ending 1.4745/ 39.092/
Dupé terminarea procesului 0.920/0,920 136 147.8/1478 1,4745 39,092 21.5/21,5
Before the process starting / 1.4767/ 44552 /
Tnainte de inceperea procesului 0.863/0,863 101 117 1,4767 44,552 19
After the process ending LS HUS 1.479/ 45.566 /
Dupd terminarea procesului 0.867/0,867 179 206.5/206,5 1,479 45,566 20
Before the process starting / 1.4905/ 42.749 /
Tnainte de inceperea procesului LS HUS 0.893/0,893 226 253 1,4905 42,749 19
After the process ending 1.4886 / 45.357 /
Dupéd terminarea procesului 0.892/0,892 205 2298/2298 1,4886 45,357 20
Results obtained for each oil type, after Rezultatele obtinute pentru fiecare tip de ulei, Th urma

contamination with sawdust 1%, 0.5% fine particles of
earth and 0.25% fine particles of leaves are shown in
table 2:

contaminarii cu 1% praf de rumegus, 0,5% particule fine
de pamant si 0,25% particule fine de frunze, sunt
prezentate in tabelul 2:

Table 2/ Tabel 2

Parameter measured / Viscosity / Viscozitate Index of Calorific | Temperature attwhich
< ; measurement was
Parametrul masurat| Density / refraction /| POWer / performed /
Densitate n v . Puterea
3 2 Indicele de .. | Temperatura la care a
. ' [g/cm?] [mPa-s] [mm/s] refractie | calorifica fost efectuata
Oil sample / Proba ulei ; [Mj/kg] madsurétoarea ['C]
Before the impurification (BF oil) / 1.4745/ 39.356 /
Tnainte de impurificare (ulei BF) 0.921/0,921 169 183.5/183,5 1,4745 39,356 18.5/18,5
i 0, i 0,
Oil BF + 1% sawdust / Ulei BF + 1% 0.920 /0,920 161 175 1.475/ ) 19.7/19.7
rumegus 1,475
Oil BF + 1% sawdust + 0.5% earth / Ulei 1.4752 /
BF + 1% rumegus + 0,5% pamant 0.921/0,921 163 177 1,4752 - 20.2/20,2
Oil BF + 1% sawdust + 0.5% earth +
0.,25% leaves / Ulei BF + 1% rumegus | 0.921/0,921| 171  |185.7/185,7 11'44775;1’ 33%777755’ 20.4 /20,4
+ 0,5% pamant + 0,25% frunze ' !
Before the impurification (LS HUS ail) / 14767 / 44,552/
inainte de impurificare (ulei LS HUs) | >-863/0863| 101 117 14767 | 44552 19.0/19,0
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Oil LS HUS + 1% swadust / Ulei LS 1.4767 /
HUS + 1% rumegus 0.864 /0,864 101 116.9/116,9 1,4767 - 19.5/19,5
Oil LS HUS + 1% sawdust+ 0.5% earth / 1.4774 1
Ulei LS HUS + 1% rumequs + 0,5% pamdnt 0.865/0,865 107 123.7/123,7 14774 - 19.5/19,5
Oil LS HUS + 1% sawdust+ 0.5% earth +
0.25% leaves / Ulei LS HUS + 1% rumegus | 0.865 /0,865 | 109 126 11'44777777’ 4;‘4665555’ 19.7/19,7
+ 0,5% pamant + 0,25% frunze ’ !
Before the impurification (T90 EP2-S) / 1.4905/ 42.749 /
inainte de impurificare (T90 EP2-5) | 0:893/0:893| 226 253 14905 | 42,749 19.0/19.0
Oil T90 EP2-S + 1% sawdust / Ulei T90 1.4897 /
EP2-S + 1% rumegus 0.893/0,893 242 271 1,4897 - 19.5/19,5
Qil T90 EP2-S + 1% sawdust + 0.5% earth / 1.4899 /
Ulei TOOEP2-S + 1% rumegus + 0,5% pamént 0.896 / 0,896 247 275.7 1 275,7 1,4899 - 19.7 /19,7
Oil T90 EP2-S + 1% sawdust+ 0.5% earth + 43.995 /
0.25% leaves / Ulei T90 EP2-S + 1% 0.900/ 0,900 259 287.8/287,8| 1.49/1,49 43' 995 19.7 /19,7
rumegus + 0,5% pamant + 0,25% frunze ’
CONCLUSIONS CONCLUzII

In recent years, biodegradable oils are wide range
used as environmental friendly oils. Their characteristics
are similar to mineral oils characteristics, sometimes
being even better than those ones.

When testing biodegradable experimental oils
obtained BIORAL-S and BF types in compared with oils
on market LS HUS type (oil used for motor-saws LS
HUSqvarna) and T90 EP2-S type (used at
transmissions), have been found the following:

= Better wearing behavior biodegradable oils:

BIORAL-S and BF, comparatively with those on
the market;

= Density of experimental oils (BIORAL-S and BF)

slightly lowered after 25 endurance (shearing)

hours;
= Dynamic and kinematics' viscosity of
experimental oils (BIORAL-S and BF)

diminished after 25 endurance tests;
= As a result of saw dust, earth and leaves
contamination (in percentages precised above),
an increment of density, viscosity and refraction
index have been noticed along with the addition
of a contaminating agent;
= Calorific power had not relevant changed values
following the endurance tests, respectively after
the contamination with foreign agents.
Experimental data obtained have shown that
biodegradable oils Bioral-S and BF types can
successfully replace conventional lubricating oils, being
less polluting for the environment.

REFERENCES

[1]. Lamsa M., Kosonen K. (2007) - Biohydraulics-true
alternatives, 10"Scandinavian International Conference
on Fluid Power SIFCP’ 07, May 21-23, Tampere, Finland,
183-188;

[2]. Lingg G., Gosalia A. (2008) - The Dynamics of the
Global Lubricants Industry Markets, Competitors
&Trends, The 16th International Colloquium Tribology,
Stuttgart / Ostfildern, Germany, 15-17 February;

[3]. Pascalede C. (2010) - Innovative through biolubricants,
17" International Colloquium Tribology, TAE, Jan. 19-21,
Germany, 341-345;

[4]. STAS 55-81 — Mineral oils. Methods of calculating the
viscosity index;

[5]. STAS 1080-73 — Fluids viscosity . Terminology and
measuring units;

[6]. SR ISO 3105:1998 — Kinematic viscometers with
glass capillarity. Specifications and operating indications;
[7]. SR EN ISO 3675:2002 — Oil and liquid oil products.
Determination of laboratory density. Aerometer method;
[8]. SR EN ISO 5555:2005 — Vegetable and animal oils

61

Uleiurile biodegradabile prezinta un interes deosebit in
ultimul timp avand in vedere protectia mediului inconjurétor.
chiar mai bune decat cele ale uleiurilor minerale utilizate
pentru aceleasi aplicatii.

in cazul testarii uleiurilor experimentale
biodegradabile realizate: tip BIORAL-S si BF, comparativ
cu uleiurile din comert: tip LS HUS (ulei folosit la
motoferastraiele LS HUSqvarna) si tip T90 EP2-S (utilizat
la transmisii), s-au constatat urmatoarele:

= comportare la wuzura mai buna a celor

biodegradabile: BIORAL-S si BF, comparativ cu
cele din comert;
= densitatea uleiurilor experimentale (BIORAL-S si
BF) a avut o usoara scadere dupa realizarea celor
25 de ore de testare la anduranta (forfecare);

= viscozitatea dinamica si cinematica (a uleiurilor
experimentale (BIORAL-S si BF) a scazut dupa
realizarea celor 25 de ore de testare la andurants;

= ca urmare a contaminarii cu praf de rumegus,

particule fine de praf si particule fine de frunze (in
proportile precizate anterior), s-a observat o
crestere a densitatii, viscozitatii si indicelui de refractie,
pe masura ce s-a adaugat un agent de contaminare;
= puterea caloricd nu a prezentat modificari
relevante ca urmare a testarii la anduranta,
respectiv contaminarii cu agenti externi.

Datele experimentale obtinute au aratat faptul ca
uleiurile biodegradabile Bioral-S si BF pot finlocui cu
succes uleiurile de lubrifiere conventionale, avand un risc
de poluare scazut pentru mediul inconjurator.
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RESEARCH OF MOISTURE SEPARATION PROCESS FROM LAKE SAPROPEL IN SCREW
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Abstract: The research work presents results of studies
of the process of sapropel dehydration mechanically in
the laboratory screw device. Optimal values or the
studied process are found.

Keywords: sapropel, humidity, dehydration, screw press,
parameters of process, factors, structural parameters

INTRODUCTION

Sapropel - organ-mineral dispersion, which in its
natural state has a form of bottom sediments of
freshwater ponds and contains not less than 15%
organic substance as well as inorganic components of
biogenic and accumulated character. Sapropel for many
ages was accumulating in itself big variety of
biologically active substances with valuable for
fertilization properties, its valuable raw material is used
to increase crops [1].

Sapropel is a valuable natural resource of organic
raw materials for current and prospective use in many
sectors of the economy, whose growth in open water is
constantly increasing [1]. There is a big problem of
water extinction today in Ukraine, Belarus and the
Russian Federation. A failure to clean lakes lost their
ability to regenerate. So in the Volyn region, there are
dozens of lakes, including Lake Nechymne near which a
museum of Lesya Ukrainka is situated, which gathers
more and more tourists there each year and helds
different competitions and festivals. But two centuries
ago it was a great reservoir suitable for spa holidays in
lovely Polesie.

As a result of natural factors and human activities a
lot of lakes are transformed into the swamp that filled
with sapropel. The cultivation of such lakes will solve a
number of problems. Primarily its cleaning of the lakes,
as well as providing the agriculture of the state with
environmentally friendly organic raw materials. The
biggest problem during the processing of lake sapropel is
their natural moisture content, which ranges from
92+98%.

Not enough attention have being paid to these
problem, there is almost no deep scientific study of the
process. There are evidences of dehydration sapropel
while extracting it directly, by mechanical means [2]. This
is explained by the presence in sapropel of gravitational
and poorly bounded moisture [3]. Separation of such
forms of moisture is only the first stage in technology of
bringging materials to the packing and transporting
condition. The following steps should ensure that the
output of finished product humidity is within 65-70%. But
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Pe3tome: B pobomi HasedeHi pe3ynbmamu O0CIliOXeHb
rnpouecy  3HEBOOHEHHSI  carponeso  MexaHidHUM
criocobom y ee8uHmMosoMy nabopamopHOMy MpucMmpoi.
BcmaHosneHo onmumarnbHi  3HaYeHHs1  napamempie
docnidxysaHozo rpoyecy.

Knro4yoei cnoea: canponerns ,80502icmb, 3HE8OOHEHHS,
e2euHmMosuli npec, napamempu npouecy, akmopu,
KOHCMpYyKmMueHi napamempu

NMEPEOYMOBA

Canporieni — opraHo-MiHeparibHa AVCriepcisi, sika y NpypoaHOMY
CTaHi Mae hopMy AOHHUX BiOKIaAiB NMPICHOBOAHMX BOLOMM Ta
MICTUTb HEe MeHLLIE HiX 15 % OpraHiYyHOi peyoBMHU, a TaKkoX
HEOpraHiYHi KOMIMOHEHTW GIOreHHOMo Ta MPUHOCHOTO XapaKTepy.
Canponenb npoTtarom 6aratbOX BikiB Hakonuyyeas Yy COOi
BENMKY KINbKCTb PIBHOMAHITHUX GIONOMYHO aKTVBHMX PEYOBUH 3
LiHHMMK yOoOptoBanbHUMK BNacTUBOCTAMM, TOMY BOHU €
LiHHOKO CUPOBWHOI0, SiKa BUKOPUCTOBYETHLCS OIS NiABULLEHHSI
BPOXaNHOCTI CiNbCbKOrocrnoaapChbkux KynbTyp [1].

Canponerb € LjHHAM MPYPOOHAM PECYPCOM OpraHHHOI CYIPOBIHM
AN Cy4acHOro Ta NepPCrnekTBHOIO BUKOPUCTaHHS Y Baratbox
rany3six HapoAHOTO roCroAAapPCTBa, NPUPICT SKOTO Y BIOKPUTUX
BOAOVIMax MOCTiHO 36inbluyeTbes [1]. MNpobnema BigMypaHHs
BOAOVM TOCTPO MoCTana Ha CbOFOAHILLHIM OeHb B YKpaiHi,
Binopyci Ta Pocincskin ®egepalii. Yepes HecBoeHacHe OUMLLIEHHS
03ep BTpaYacTbCs 30aTHICTL 1X OO pereHepalyi. Tak y BormHebkin
obnacTi HanivyeTbCs AECATKN TakuX 03ep, cepes SKUX i 03epo
HeunmHe 6ing Skoro posTalloBaHO My3en-3anoBigHvk Jleci
YKpaiHKu, KW 3 KOXXHUM pokoMm Bee Binblue i BinbLue 36vpae
TYPUCTIB, TyT NPOBOOSATLCA Pi3HOMAaHITHI KOHKYpCK Ta decTvisari.
A We aBa cToniTrta ToMy Le Oyna Benvka Bogonma npyaartHa
Ans KYypOPTHOrO BiANOYMHKY Y MarnbOBHUYIN MicumHi [Monices.

Y pesynbTaTi IpMpoaHMX hakTopiB Ta rocrnoaapcbKol
JisiNbHOCTI NoaVHWM BOJOWMM NEPETBOPIOIOTLCA Ha 6oroTa,
AIKi 3anoBHeHiI 03epHUM canponenem. Po3pobka Takmx
03ep 403BOMUTL BUPILLMTU psii HaranbHKX npobnem. B nepuuy
yepry LUe OYMLLEHHS oO3epa, a TakoXk 3abesneyeHHs
Hapo4HOro rocrnodapcTea AepXXaBW EKOJOMYHO YWUCTOH
OpraHi4yHO CUpPOBUHOK. Hanbinbwy npobnemy nig vyac
nepepobKkM 03epHMX canponeniB cknagae ix npupoaHa
BOJOrICTb, ika KONMMBAETLCA B Mexax 92+98%.

[JaHin npobnemi He npuaineHo yBaru, mMamxe BiACYTHI
rmmboKi HayKoBi JOCNIAKEHHS AaHOro npouecy. € BiJOMOCTi
npo 3HEBOAHEHHS canponento 6Ge3nocepedHbo Mig 4Yac
[obyBaHHs, MexaHiyHuM crocobom [2]. Lle nosicHioeTbes
HasIBHICTIO y canponeni rpaeiTauinHoi Ta cnabo3s’sizaHol
Bororu [3]. BinaineHHs ganvx chopm Bororn 3 matepiany ue
nvLLe MepLUMiA eTan y TEXHOMONT JOBEAEHHA maTepiany Ao
KOHOMLINHOIO NpMAaHOro A0 MaKyBaHHA | TPaHCNOPTYBaHHS
CTaHy. HacTynHi eTanu noBuHHi 3a6e3neunTy BUXig roTOBOrO
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the most attention should be paid to the immediate
dehydration after extraction, as it will be important to limit
the costs of water fraction separation.

It is necessary to investigate features of dehydration
of the lake sapropel in laboratory screw device and to
select the mode and process parameters for the
necessary recommendations for  producers  of
mechanized production equipment.

MATERIAL AND METHOD

In Lutsk national technical university was projected
and produced a device for mechanical dehydration of the
lake sapropel which is used in new mechanical
technology. It provides the mechanical dehydration of the
material with high moisture (fig. 1).

The devise consists of framework 1, electrical engine
2, which is with the help of belt gear 3 starts the rotation
of transportation screw, which is situated in the cylinder
4. Sapropel is loaded through the hopper 5 from where it
is transported in the separating cell 6. Fig. 2 shows the
scheme of separating cell where the division of the
material to moisture and solid takes part.

Separating cell consists of water tank 2, filter 3,
filtering material 4 and perforated cabinet 5 in which
sapropel is transported through screw working part 1.
When sapropel gets into separating cell, it squeezes
and becomes 4 times smaller due to the construction
of auger. Separated water goes to the water tank 2
through perforated cabinet 5 and then it is
pumped out. To admonish sapropel getting into the
perforated cabinet 5 the filtering materiel 4 is
provided.

INMATEH - icultural

npoayKTy BororicTio y mexax 65-70%. lNpote HamsanueiLLy
yBary 3acryroBye 3HeBOOHEHHS Bigpasy nicnsi 4obyBaHHs,
TaK siK y aHOMy BUMaAKy NOTPIOHO 3 HE3HAYHMMKM 3aTpaTamm
eHeprii BigainMTn sikomora Ginbluy YacTuHy BoAHOT dopakLii.
Tomy, HeobXigHO AocniaMT 0COBNMBOCTI 3HEBOAHEHHS
03epH1X canponenis y nabopaTopHO rBUHTOBOMY MPUCTPOI,
3 MeTo BUBOPY pexuMmiB Ta napameTpis npouecy, Ans
HagaHHA HeoOXigHWX pekoMeHAauin BUpOOHUKaM Lwoao
BUrOTOBIIEHHS MEXaHi30BaHOro o6nagHaHHs.

MATEPIAIN | METOOUKA

B Jlyupkomy HauioHanbHOMY TEXHIYHOMY YHIBEPCUTETI
po3pobneHuin NpUCTpin Ans MexaHiYHOro 3HEeBOAHEHHSA
03epHOro  canponento, Lo BMKOPUCTOBYETLCA Y  HOBIN
MeXxaHi3oBaHii TexHororii. BiH 3abesneyye MexaHiyHe
3HEBOJHEHHSA MaTepiarnisB BUCOKOI BoforocTi (puc.1).

MpucTpini cknagaeTbes 3 pamun 1, Ha SAKiIM 3akpinneHnn
€neKTPOABUIYH 2, iK1 3a JOMOMOrOK0 KIMHOMACcoBOI nepeadi
3 npuBoANTL Y 0BEPTOBWIA PYX TPAHCTIOPTYBArbHWIA MBUHT, LLIO
3HaxoguTbea y umnivapi 4. Canponens 3aBaHTaXyloTb Yepe3
OyHKep 5 e BiH TpaHCNOPTYETLCS Y BiaAinawody kamepy 6.
Ha puc. 2 306pakeHO cxemy BigAinsioyoi kamepu y sKin
BinOyBa€eTbCA NoAiN MaTepiany Ha BOMOry Ta TBepay YacTuHW.

BoHa cknagaeTbea 3 EMKOCTI ANs BoAW 2, YTPUMYHHOro
dinbTpa 3, dinbTpytoyoro enemeHTa 4 Ta Kopnycy Biaginsao4ol
Kamepu 5, B Ky canponenb MNoJaeTbCs TPaHCMOPTYHYUM
rBUHTOBMM pobounm opraHom 1. MNpy nonagaHHi canponento
B BiJ4INS0Yy Kamepy BiH CTUCKaETbCH B 4 pasu, 3a paxyHOK
KOHCTPYKUji WHeka. BigaineHa Boga moTpannsie B €MKICTb
Ans BOAM 2 4Yepe3 nepdopoBaHuin kopryc 5, 3Bigku
BiACMOKTYyeTbCA HacocoMm. [insa Toro, wob canponenb He
nNpoxoanB Yepes nepdopoBaHnii KOpNyc 5, KOHCTPYKLIED
Kamepw nepenbayeHo PinbTPyUNA eNEMeEHT 4.

Fig. 1 — Laboratory device for mechanical dehydration of sapropel /

JlabopamopHuti npucmpiti 05151 MexaHiYHO20 3HEBOOHEHHSI carporero

1 — framework / pama; 2 - electrical engine / enekmpodsueayH; 3 - belt gear / knuHonacosa nepedaya; 4 - cylinder /| mpaHcriopmysarnbHa
Kamepa; 5 - hopper / 3asaHmaxysarnbHul byHkep; 6 - separating cell / siddinsroya kamepa
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Fig. 2 - Scheme of the separating cell / Cxema 8iddinsito4oi kamepu
1 — screw working part / 2eunmosuti poboyut opeaH; 2 — water tank / emkicms 0ns eodu; 3 —filter / gpinemp; 4 — filtering material /
inbmpyrouli mamepian; 5 - perforated cabinet / nepghoposaHuli kopriyc

During the experiment for parameater of optimization
was selected weight of separated moisture from the lake
sapropel. Among the factors that influence this process
have been chosen initial sapropei humidity, W, screw
step 4, screw speed ®and angle of the device to the
horizon a. To plan an experiment according to four
factors we used Box-Benkina’'s symmetrical non-
compositional plan of second order. Coding of factors,
their levels and variation intervals are presented in the
table.

MMig Yac NpoBeaeHHN excrepUMEHTY 3a NapaMeTp ormmisaLi
6yno BnbpaHo Macy BigaineHoi Bonorm M 3 03epHOro
canponento. Cepea cakTopiB, ski BNNMBaOTL Ha AaHWUi
npouec 6yno BMGpaHO MOYaTKOBY BOJIOMCTL CanpoOnento,
W, KpOK rBUHTa A , 4acToTV 0GepTaHHs MBUMHTA  Ta KyTa
Haxuny MNpUCTPOI0 A0 TOPU3OHTY O. [Ons nnaHyBaHHSA
EKCNepuMeHTY 3a YoTrpmMa dpaktopamu 6yno BYKOPUCTaHO
CUMETPUYHUIN Hekomnosuuiiiuin nnaH Bokca-BbeHkiHa
gpyroro nopsaky. KogyBaHHSi cbakTopiB, iX piBHI Ta
iHTepBanu BapitoBaHHS NpeacTaBneHi B Tabnumui.

Table / Tabnuuys

Table of Coding of factors, their levels and variation intervals / KodyeaHHs ¢ghakmopis, ix pieHi ma iHmepeanu eapitoeaHHs1

Factors / ®akTopu
Variation levels / Damp / Step screw / Screw speed / Angle of the device to the
Pieni eapitoans Bonozicme | Kpok 28uHma, | Yacmoma o6epmary-m horizon / Kym Haxuny do
W, % A, m 2euHma, ©, min 2opusoHmy, o°
X1 X2 X3 Xgq
Upper / BepxHiti (+1) 96 0,32/0.32 26 20
Main / OcHosHuti (0) 94 0,26 / 0.26 18 10
Lower / HuxHid (-1) 92 0,2/0.2 10 0
Variation interval / IHmepsan eapitogaHHs1, £ 2 0,06 / 0.06 8 10
The experiment was conducted in laboratory EkcriepymeHT npoBogvBeca B NabOpaToOpHUX YMOBax Ha

conditions at the facility with the screw working body (Fig.
1). For investigation was used organic sapropel extracted
from the lake of Volyn region with an initial humidity 92+
96%. Determination of sapropel moisture was conducted
by standard methods. Dehydration in all experiments
experiment subjected to the same amount of material
mass which was 25 kg. The study determined the mass
of moisture is extracted from this inventory. These
weights of moisture divided twenty-five to determine the
number selected from 1 kg of dry sapropel. The initial
mass of sapropel (25 kg) due to capacity feed hopper
installation. In studies of the working body screw
diameter remained constant, but changing the screw and
step angle of the device to the horizon, and the value of
the initial moisture content and frequency of rotation of
the working body.
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YCTaHOBL 3 TBUHTOBVM PoBo4MM opraHoM (puc.1). Onsa gocrimkeHHs
BMKOPWUCTOBYBarnu OpraHiyHWiA canponenb Jo0yTuii 3 o3epa
CepeaHe BormHeskoi 0bnacTi 3 nouaTtkoBoro BorioricTo 92+-96%.
BusHaueHHs1 BOrorocTi canponernto NpoBoauriocst 3a CTaHOapTHOH
MeTOAUKOK. 3HEBOOHEHHIO Y BCIX AOCMigax eKcrnepyMeHTy
nigaaBanacb OAHAaKoBa KiNbKiCTb MaTepiany, Maca $iKoro
cknagana 25 Kr. Y npoueci AOCMimMKeHHs B13HaYanacs maca
BioAineHoi Bomorv 3 Uujei KinbkocTi matepiany. OTpumaHi
3HAYEHHs1 Macy BOSIOMM AiNMWINCs Ha OBagudTb MATb And
BCTaHOBIEHHS KiNbKOCTi BUAINEHOi Bororv 3 1 Kr canponernto.
MoyaTkoBa Maca canponento (25 kr) 3ymMOBIeHa MICTKICTHO
3aBaHTaXyBarnbHoro OyHkepa YCTaHOBKW. Y [OCHImKEHHSIX
JOiaMeTp rBUHTOBOMO poBOY0ro OpraHy 3anqiiaBcst MOCTIHUM,
a 3MiHIOBaBCS1 KPOK MBMHTA Ta KyT Haxuny MpUCTPO0 [0
FOPU30OHTY, a TaKOoX 3HaYeHHs MOo4YaTKOBOI BOMOrOCTI Ta
yacTtoTa 0bepTaHHs pobo4Oro opraHy.
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RESULTS

Data processing of the experiment results took place
using the established system of computer mathematics
MathCAD by methods [4], which allowed to obtain the
regression equation masses separated by water from
Lake sapropel:

y =1,803+0,080x, +0,091x, —0,044x, —0,084x, +0,063x,X, +0,064x” +0,116x’ +0,080x; ,

Equation (1) factors as they are:

y =138,117 +2/935W +1,5174 +0,64250 +0,1942« —0,0315« +0,016W * —0,018»° +0,00088«° ,

where m — mass of moisture, which was extracted from 1
kg of sapropel, kg; A — screw step, m; W — initial
moisture of sapropel, %; ¢ — device to the horizon, degree.;
@ — screw rotation speed of the working body, min™.

Validation criteria by the Fisher and the Student
showed that the regression equation (1) can be considered
adequate, and shows it the coefficients - significant.
According to the regression equation constructed response
surface and two-dimensional chopping (Fig. 3-8).
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PE3YIbTATU

O6pobka maHnx pesyrbTaTtiB eKcriepuMeHTy BiabyBanacs
3a JOMOMOrOH NporpamMu, CTBOPEHOI Y CUCTEMi KOMITIOTEPHOI
MateMatukn Mathcad 3rigHo MeToauku [4], Wo [03BONMUMO
oTpuMaTK PIiBHAHHA perpecii Mmacu BigdineHoi sonorn 3
03epHOro canponento:

@
PiBHAHHSA (1) 3 dhakTOpamu y HaTypanbHOMY BUMMAA;:
@)

e m — maca Bonoru, Lo Bigginunacb 3 1 kr canponento,
kr; A — Kpok rBuHTa, M; W — noyaTkoBa BOMOriCTb
canponento, %; & — NPUCTPOIO A0 FrOPU3OHTY, rpaj.; @
—YactoTa obepTaHHsi rBUHTOBOrO pobo4oro opraty, xB.
Mepesipka 3a kpuTepiamn Piwepa Ta CTiogeHTa
nokasana, WO PiBHSHHA perpecii (1) MoxHa BBaxatu
ajekBaTHMM, a nmokasaHi B HbOMY KoediuieHTn -—
3Hauywmmu. 3a  piBHAHHAM  perpecii nobygoBaHo
NMoBepXHi BiAryky Ta ix ABOMIpHi ciYeHHs (puc.3-8).
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Fig. 3- M1, M2, M3 —response surface and their comesponding two-dimensional chopping (M1 —w = 10min.*, a=0% M2—w =18 min®, a= 10% M3—w =26 min™,
a=20%)/ M1, M2, M3 — rosepxHi sideyky ma eidnosidki i eomipki ciuerHs (M1 —w = 10xe.™, a = 0% M2—w =18xe.*, a=10% M3—-w =26 xe.*, a = 20°)
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Analysis of the results shows that the increase
of initial sapropel humidity W leads to an increase in
mass of selected moisture because of its uniform
compression of the working body. Increasing the angle «
at constant diameter screw body also provides a growing
supply of moisture is extracted, undergoes compression
as a larger volume of material. Therefore it is appropriate
that ensured constructively rational parameters of the
working body to separate the larger gravitational
moisture. Increase of speed of screw @ working body
leads to a reduction of moisture, which is separated
mechanically. This phenomenon is explained by the
reduced length of stay of the material in the device. The
smallest impact on the allocation of water from the
sapropel change affects the angle « the device to the
horizon, a growth factor that decreases the mass of
moisture, which is separated.

CONCLUSIONS

As a result of the four factors experiment by using
Box-Benkin plan we received response function (2),
which allows to set the impact of initial humidity
sapropel, pitch screw, tilt the device to the horizon and
speed screw the working body of the mass of moisture
is extracted from sapropel to screw in the press. An
optimization by using the Maximize function in
computer system of mathematics Mathcad [5] allowed
to obtain rational values such causal factors: initial
sapropel humidity W = 96%, step screw A = 0,32 m,
and screw rotation speed of the working body o =
19.517 min-1 and the angle of the device to the
horizon o = 0°.
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AHari3 oTpMMaHMX pesynbTaTiB Nokasye, WO 36inbLIEHHsT
noyaTtkoBoi BoforocTti W canponento npu3BoguTb A0 3pOCTaHHs
Macy BugineHol Boriom M BHacmigok i piBHOMIPHOMO CTUCKaHHA
po6o4M opraHoM. 36iMbLUEHHS 3HAYEHHS KyTa ¢ NP CTanomy
fOiaMeTpi rBMHTOBOrO OpraHy, TakoX 3abeanedye 3pocTaHHsA
Macy BioaieHo! BOOM, OCKINbKMA CTUCKaHHIO MiaaeTbes GinbLLniA
o6em marepiary. Tomy A0LNsHO, LLIOO KOHCTPYKTVBHO 3a0e3reHyBarnacst
pauioHankeHi napameTpy poboyoro opraHy, AN BioaineHHs
GinbLworo ob’emy rpasiTauiiHoi Ta cnaboB'si3aHOi BOMOIN.
3pocTaHHs YacToTh 00epTaHHsA @ rBMHTOBONO pobo4oro
opraHy Npu3BOAUTbL A0 3MEHLUEHHS KiNbKOCTi BOMOMK, fKa
BiOAINAETbCS MexaHidHMM cnocobom. [aHe sBulle
MOSICHIOETLCA CKOPOYEHHAM TpuBanocTi nepebyBaHHs
marepiany y npuctpoi. HaiMeHLwwnin BB Ha BUAINEHHS
BOMOrM 3 canponenio BMMMBAE 3MiHA KyTa Haxuny
NPUCTPOIO A0 FOPU3OHTY «, i3 3POCTaHHSA LbOro chaktopy
3MEHLLYETLCA Maca BOJSIOru, sika BiaginsaeTbes.

BUCHOBKU

Y pesynbTaTti npoBeAeHH YOTUPUIPaKTOPHOIO EKCepUMEHTY
3a nnaHom Bbokca-beHkiHa Byno oTpuMaHo dhyHKLO BiaryKy
(2), sixka po3Bonsie BCTAHOBUTY BrNMB MOYATKOBOI BOMOrOCTi
canporesnto, KpoKy [BWHTA, KyTa Haxury MpuUCTPoO A0
TOPU3OHTY Ta 4YacTOTM OOepTaHHs IBUHTOBOTO pPOBOYOro
opraHy Ha macy BigdineHoi BOroru 3 canponento Ha y
rBUHTOBOMY npeci. [poBefdeHa onTUMiI3aLis 3a [0MOMOro
dyHkuii Maximize B cucteMi KOMM'IOTEPHOI MaTeMaTuku
Mathcad [5] posBonuna oTpuMaTtu Taki pauioHanbHi
3Ha4YeHHs  JocnigXyBaHuWx  hakTopiB:  mo4vaTkoBa
Bonoricte canponento W =96%, kpok resuHta 4 = 0,32 m,
Ta yactoTta obepTaHHs rBUHTOBOrO POBOYOro opraHy « =
19,517 x8™ i KYT Haxury NpUCTPO 40 rOpU3oHTY o = 0°,



Vol. 35, No.3/2011

REFERENCES

[1]. Lopotko M.Z (1986) - Sapropels and products on
their basis. - Mn.: Sience and tecnika, 191 c; (in Russian)
[2]. Shumchyk O.P. (2009) A ground of parameters of
the module is for getting of lacustrine sapropels:
dissertation of candidate of engineerings sciences:
05.05.11. — Ternopil’, — 137 c;

[3]. Didukh V.F., Lytsuk R.V., Grabovets V.V. (2006)
Moistureexchanges and termodynamics properties of
sapropels, Scientific announcer of the National agrarian
university. - Nomber 92, part Il. — C. 56-60;

[4]. Novik F.S., Arcov J.B. (1980) Optimization of
processes of technology of metals by the methods of
planning of experiments / = M.: Mashinebilding, Sofija:
Tecniks, — 304 c; (in Russian)

[5]. D'yakonov V.P. (2007) Mathcad 11/12/13 in
mathematik: Reference book. — M.: Hot Line — Telekom.
— 958 c. (in Russian).

70

INMATEH - icultural

BIBNIOrPA®IA

[1]. NonoTko M.3.(1986) - Canponenu u npodyKmbi Ha UX
ocHose. - MH.: Hayka n TexHuka, 191 c;

[2]. Wumuyk O.IN. (2009) ObrpyHmysaHHs Napamempig
molyrnsi Onsi obysaHHs 0O3epHUX carporesig: Auc. ...
KaHaupaTa TexH. Hayk: 05.05.11. — TepHoninb, — 137 c;
[3]. B. @. Oigyx, P. B. Nyuuk, B. B. 'paboeeub (2006)
BonozoobmiHHi  ma mepmoOuHamiyHi - enacmugocmi
canponernig, HaykoBuin BicHUK HauioHanbHOro arpapHoro
yHiBepcuTeTy. - Bun. 92, u. Il. — C. 56-60;

[4]. HoBuk @.C., ApcoB A.B. (1980) Onmumuszayus
npoyeccog8  mexHoroauu  Memarnnogs  memoodamu
nnaHuposaHusi akcrnepumeHmos [ - M.: MalwmHocT-
poeHune, Codums: TexHuka, — 304 c;

[5]. ObsikoHoB B.M. (2007) Mathcad 11/12/13 &

mamemamuke: CrpagoyHuk. — M.: Topayas nuHua —
Tenekom. — 958 c.



Vol. 35, No.3/2011

INMATEH - icultural

A MATHEMATICAL SIMULATION MODEL DEVELOPED FOR DESCRIBING THE ACOUSTIC
ENERGY CONVERSION INTO ELECTRIC ENERGY

/

DEZVOLTAREA UNUI MODEL MATEMATIC DE SIMULARE PENTRU DESCRIEREA
CONVERSIEI DE ENERGIE ACUSTICA IN ENERGIE ELECTRICA

Prof. Ph.D. Eng. Filip N., Prof. Ph.D. Jumate N.t, Ph.D. Stud. Eng.Candale L.
- UT Cluj Napoca -
Tel: 0264-401675; E-mail: Nicolae.Filip@arma.utcluj.ro

Abstract: The noise represents an important free waste of
the environment. In this respect the research carried out in
order to harvest the noise and convert it into electric signal
is an up challenge.

Given the preliminary laboratory investigations, the paper
work is presented in order to develop a mathematical
model able to describe the conversion of sound waves
into electrical energy using electromagnetic transducers.
In developing the model were considered the three
phases leading to the noise power. In this respect the
specific parameters were analyzed to the three phases
and have set the initial data set and variables. Simulation
program was developed using Mathlab environment,
being developed as tabular data display interface and
graphical user interface.

An application. proposed for the simulation program is to
evaluate the possibility of obtaining electricity from the
conversion of low frequency noise from tractors.

Keywords: noise,  conversion, electromagnetic,
simulation
INTRODUCTION

With the industrial development, population growth
and increasing the number of vehicles or mechanized
equipment, noise is a more pressing problem. Also with
development of electrical equipment with the low power
consumption, the attention of researchers can be focused
on recovery of the acoustic energy.

In the literature are founded three main techniques of
acoustic energy conversion: electromagnetic, piezoelectric
and electrostatic or capacitive, and with their help
developing various types of devices. Tiruthani (2008) [1]
and Yildz (2009) [2] describe all three techniques and
compare them, the advantages and disadvantages that
occur. Using electromagnetic technique Tenghsien Lai
(2008) [3] have designed, manufactured and tested a
micro generator driven by acoustic waves for power
system application of mobile phone. Experiment results
have show that micro generator having a planar size of 3
mm X 3 mm generated a maximum voltage of 0.24 mV at
a frequency of 470 Hz. Dynamic response of the micro
generator can be designed to meet a specific acoustic
frequency for efficiency.

Zhong Lin Wang (2008) [4] using nanofibres has
developed a generator to work independently in the
environment. The generator is build from ZnO nanofibres
arranged on a matrix, over witch is placed a superior
triangular electrode at a controlled distance. The device
composed of about 500 nanofibre subjected to ultrasonic
waves managed to get 500 nA and 10 mV.

Shinichiro (2006) [6] presented a capacitive technique
using structural concept of a sound-electricity conversion
device of semiconductor membrane. This device has been
patented and can be applied to the diagnostic ultrasound
equipment to convert ultrasound energy into electrical
energy and for reducing noise.

Considering the proven potential of acoustic energy to
be converted into electricity the aim of this work carried
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Rezumat: Zgomotul reprezintd un important deseu energetic
prezent in mediu. in acest sens, cercetdrile efectuate in
scopul de a recolta zgomotul si de a transforma acest
deseu in semnal electric este o provocare continud.

Avand in vedere cercetéarile de laborator preliminare, in lucrare
este prezentatd activitatea desfdsuratd in scopul de a
dezvolta un model matematic capabil sa descrie conversia
undelor acustice Tn energie electrica prin utilizarea traductoarelor
electromagnetice. La dezvoltarea modelului s-au luat Tn
considerare cele trei faze care conduc la obtinerea de
energie electricd din zgomot. In acest sens au fost analizafi
parametrii specifici celor trei faze si s-au stabilit setul de
date initiale gi variabilele. Programul de simulare a fost
reailzat utilizand mediul Mathlab, fiind dezvoltate atat
interfete de afisare a datelor tabelare cét si interfete grafice.

O aplicatie propusé pentru programul de simulare realizat
este de a evalua posibilitatea obtinerii de electricitate din
conversia zgomotului de joaséa frecventa de la tractoare.

Cuvinte cheie: acustic, zgomot, conversie, electromagnetic,
simulare

INTRODUCERE

Odata cu dezvoltarea industriala, cresterea populatiei
si cresterea numarului de vehicule sau echipamente
mecanice, zgomotul este o problema tot mai presanta. De
asemenea, dezvoltarea de echipamente electrice cu
consum redus de energie, a adus in atentia cercetatorilor
recuperarea de energie acustica.

In literatura de specialitate sunt fondate trei tehnici
principale de transformare a energiei acustice: electromagnetic,
piezoelectric si electrostatic sau capacitive, si cu ajutorul
lor in curs s-au dezvoltaz diferite tipuri de dispozitive.
Tiruthani (2008) [1] si Yildz (2009) [2], descriu toate cele
trei tehnici comparand, avantajele si dezavantajele care
apar. Utilizdnd o tehnica electromagnetica Tenghsien Lai
(2008) [3] a proiectat, fabricat si testat un micro-generator
de unde acustice aplicabil sistemului de alimentare al
telefonului mobil. Rezultatele experimentului au aratat ca
micro-generatorul avand in plan o dimensiune de 3 mm x
3 mm a generat o tensiune maxima de 0,24 mV la o
frecventa de 470 Hz. Raspunsul dinamic al generatorului
poate fi dezvoltat pentru a satisface o anumita frecventa
acustica cu eficienta.

Zhong Lin Wang (2008) [4] folosind nanofibrele a
dezvoltat un generator care lucreaza independent in
mediul Tnconjurator. Generatorul este construit din
nanofibrele ZnO dispuse pe o matrice, peste material este
plasat un electrod triunghiular superior, la o distanta controlata.
Aparatul compus din aproximativ 500 nanofibre supuse
undelor ultrasonice a reusit sa produca 500 nA si 10 mV.

Shinichiro (2006) [6] a prezentat o tehnica capacitiva
utilizand conceptul structural al unui dispozitiv de conversie a
sunetului, in energie electrica cu membrane semiconductoare.
Acest dispozitiv a fost brevetat si poate fi aplicat la echipamentul
de diagnosticare cu ultrasunete pentru a converti energia
ultrasunetelor in energie electrica si pentru reducerea zgomotului.

Avand in vedere potentialul demonstrat de energie acustica
care urmeaza sa fie transformata in energie electrica, scopul
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out is to propose the development of a mathematical acestei lucrari este de a propune dezvoltarea unui model
model for simulate the conversion efficiency by voltage matematic pentru a simula eficienta de transformare a
and electric current harvested point of view applied for undelor acustice in semnal electric de tensiune si curent,
electromagnetic transducers used for noise harvest from aplicabil pentru traductoare electromagnetice, utilizate la

tractors engines. recuperarea zgomotului de la tractoare agricole.
DESCRIPTION OF THE MATHEMATICAL MODEL DESCRIEREA MODELULUI MATEMATIC
The mathematical model developed take into Modelul matematic dezvoltat ia Tn considerare

consideration uses of an electromagnetic transducer in utilizarea unui traductor electromagnetic pentru conversia
energy conversion for the following reasons: the possibility energiei din urmatoarele motive: posibilitatea de a
to develop laboratory tests to develop the mathematical dezvolta teste de laborator pentru a valida simularea,
model, efficiency at low frequencies of the transducer eficienta la frecvente joase prezentata in literatura de
shown in the literature [7, 8]. Conversion principle is based specialitate [7, 8]. Principiul de conversie se bazeaza pe

on Faraday’s law [1]. Legea lui Faraday [1].

V=B-l-u (1)
where: B — Magnetic field measured in Tesla, | — Length of unde: B este campul magnetic masurat in Tesla, |
the coil wire in meters and u the velocity who move coll lungimea sarmei bobinei electromagnetice Th metri si u
through the magnetic field in m s-1. viteza de miscare a bobinei in cAmp masurata in m s-1.

Acoustic-electric conversion involves three stages, Transformarea acustico — electrica presupune trei

therefore the mathematical model was divided into three etape distinte, fapt pentru care modelul matematic trebbie
parts as follows (Fig. 1): the sound sequence, the detaliat in aceste etape, astfel (Fig. 1): secventa acustica,

mechanical sequence and electrical sequence. secventa mecanica si secventa electrica.
Acoustic-Mechanical Mechamcal-Electnical
transformation transformation

Tramsforqare Acustic - Mecanic  Transformare Mecanic- Electric

Mechamcal Electnical

A 14
k/l‘ (U

Sound Transducer /
Sunet Traductor

Fig. 1 - Acoustic-electric conversion steps / Etapele transformadrii acustic — electric

2.1. Acoustic sequence 2.1. Secventa acustica
In order to achieve the acoustic model must take Pentru a realiza modelul acustic trebuie s se tind seama
account by sound level and frequency of generated sound de nivelul de sunet si frecventa sunetului generate de sursa,

by source as well as the speed of sound in air. In the precum si viteza sunetului in aer. Tn modelul matematic a
mathematical model was taken into account the generation fost luata in considerare generarea de sunet pur caracterizat
of pure sound characterized by a single frequency and printr-o singura frecventa si de nivelul de presiune sonora
sound pressure level measured. So the terms Lp (SPL), f masurata. Deci, termenii Lp (SPL), f (frecventa de sunet
(frequency of generated sound) and c¢ (speed of sound) generate) si ¢ (viteza sunetului) sunt cunoscuti si sunt

are known values and are considered input data. Because considerati date de intrare. Deoarece undele sonore in la
sound waves in the acoustic tube move in he form of plane propagarea in tub Se manifestal sub forma de unie plane,
wave their can be described by equation (2) [9]. ecuatia de propagare este de forma:(2) [9]
p _ Ap . ei(m-t—k-x+ﬁ) (2)
where: p is the pressure, Ap is the pressure amplitude, w unde: p este presiunea, Ap. este amplitudinea tensiunii, w
is pulsation of wave or the angular frequency, t is the time, este pulsatia de unda sau frecventa unghiulara, t este
k is the wave number, x is the distance and S is the initial timpul, k este numarul de unda, x este distanta si 8 este
phase of movement. faza initiala de circulatie.
Ap amplitude of pressure variation can be determined Ap amplitudine de variatie de presiune poate fi
from the measured noise with (3) [10]. determinata functie de zgomotul masurat cu (3) [10].
Ap
Lp=20-lg— 3)
0
In the mathematical model it will be considered time in modelul matematic se va lua in considerare intervalul
interval that develop simulation: ti initial time and ts final de timp durata simularii, fiind identificati: ti momentul de
time, and ts is determined by equation incepere si ts finalul, pentru care se propune relatia de determinare:
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t,=no/f “)
where: no is the number of cycles that will be plotted and f unde: no este o functie a ciclurilor de oscilatie care vor fi
is the frequency of generated sound. reprezentate grafic si f frecventa sunetului generat.
Number of point generated for a full period of oscillation Numarul de puncte de calcul pentru o perioada
that will be determined by the relationship: completa de oscilatie se determina cu relatia:
1
- 5
Po=— (5)
where: n is an natural number greater than or equal to unde: n este un numar natural mai mare sau egala cu 100.
100. For a number n greater the computing points are Pentru un numar n mai mare de punctul de calcul variatia
closest and the variation of signal is more detailed. semnalului este mai detaliata.
2.2. Mechanical sequence 2.2. Secventa mecanica
To determine the parameters of the conversion, mechanical Pentru a determina parametrii de conversie, secventa
sequence of the mathematical model determines the mecanica a modelului matematic determina amplitudinea
magnitude of the force f(t) that acting on the membrane fortei f (t) care actioneaza asupra membranei, u viteza de
and variation speed u of transducer membrane. In his respect variatie a membranei traductorului. In consecinta bobina
the electromagnetic transducer coil and membrane acts traductorului electromagnetic ~ actioneaza asupra
as a mechanical oscillator shown in figure 2, having membranei ca un oscilator mecanic prezentat in figura 2,
mechanical resistance R, Stiffness s and mass m. avand rezistenta mecanica RM, elasticitatea s si masa m.

n -

A\ \\\%\\\

R, 7
——

Fig. 2 - Schematic representation of the forced oscillator, the mechanical equivalent system /
Reprezentarea schematica a oscilagiilor forfate , schema echibalentd armonic

5

The force that acts on the membrane is determined Forta care actioneaza asupra membranei este
from the variation of pressure p on the surface of the determinatd de variatia de presiunea p de pe suprafata
transducer membrane. Mechanical oscillator comply the membranei traductorului. Oscilator mecanic respecta

differential equation [11]. ecuatia diferentiala [11].
d®x dx .
m—s+R —+s-x=F . 6
dat> " dt ©
Therefore it can be determine: Prin urmare, se poate determina:
- the complex movement given by the equation: - deplasarea complexa data de ecuatia:
co 1 F-el ;
jfoR +j®-m-s/o_ ()
- the complex speed: - viteza complexa:
F-el
u=———————
R,+j®-m-s/o_ ®)
The actual movement is given by the real part of the Miscarea reala este dat de partea reala a ecuatiei (7),

equation (7), considering the mechanical impedance of the avand n vedere impedanta mecanica a placii data de
plate given by the ratio between membrane movement raportul dintre viteza de migcare a membranei si frecventa

speed and frequency of the oscillations. oscilatiilor.
x=¥/ ©-Z, -cos®-t-0_ )
- the actual speed: is given using a similar approach: - viteza reala: este dat folosind o abordare similara:
u= F/Z, ‘cso-t—-0_ (10)
2.3. Electrical sequence 2.3. Secventa electrica
Electric sequence in the development of the model must Secventa electrica trebuie sa tina seama in

take into account both the electrical quantities (output dezvoltarea modelului atadt de cantitatile electrice
quantities in the model) and the mechanical quantities that (cantitatile de iegire din model) cat si de cantitatile
generate electrical effect. Depending on the characteristics of mecanice care genereazd efectul electric. In functie de
the transducer used can consider the analogy between the caracteristicile traductorului folosit se poate lua in
force and voltage, speed and intensity (Fig. 3 a)) or dual considerare analogia ntre fortd, tensiune si intensitate
mechanical analogy for that speed is analogous to voltage (Fig. 3 a) sau analogia dubla mecanica pentru care viteza
and power analogous to intensity (Fig. 3 b)) [11]. Which este analoaga cu tensiunea si puterea este similara
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alternative is more convenient depends on the used type of
transducer.
Associated with variable mechanical and electrical are a

INMATEH - icultural

intensitatii (Fig. 3 b) [11]. Care alternativd este mai
convenabila depinde de tipul de traductor utilizat.
Asociat cu variabile mecanice si electrice sunt

number of impedance that are measurable properties of the impedantele, care sunt proprietati masurabile ale
system: sistemului:
1 U
q =5 ) @
4

U

b)

Fig. 3 - The network with two ports. a) The force analogous to voltage and speed analogous to intensity. b) dual mechanical analogy in
which speed is analogous to voltage and force analogous to intensity / Sistemul cu doud porturi: a) forta analoagé cu tensiunea si viteza
analoaga cu intennsitatea; b) analogia dual mecanica in care viteza este analoaga cu tensiunea iar forfa anloaga cu intensitatea

Associated with variable mechanical and electrical are
a number of impedance that are measurable properties of
the system:

Asociat cu variabile mecanice si electrice sunt o serie
de impedanta, care sunt proprietati masurabile ale
sistemului:

Z=V/I |u:0 = the blocked electrical impedance-impedanta de blocare [Q];

Z.=V/I |F:0 = the free electrical impedance/impedanta electrica [Q];

(11)

Z. .= |:/U||:0 = the open-circuit mechanical impedance/impedanta mecanica [N-s/m];

Z = F/U|V:0 = the short-circuit mechanical impedance [N-s/m];

According to the analogy of the electromagnetic
transducer we have the following canonical equation:

in concordanta cu analogia propusa pentru traductorul
electromagnetic, se identifica urmatoarele ecuatii canonice:

V=Zg-1+B-1-u

F=-B:l-1+Z_,-u

where, the open-circuit mechanical impedance is:

Z.,=R,+j®-m-s/o_

and, the blocked electrical impedance is given by:

Zeg=Ry+j-o-L.

In the electrical part of the mathematical model is
introduced as input data Ro (coil resistance), Lo (inductance
coil), B (magnetic field of magnet) and | (length of wire in
the voice coil) that characterizes the electromagnetic
transducer. The direct effect is to achieve a synchronous
electric oscillation with the membrane vibration [12].

3. DEVELOPMENT OF THE SIMULATION MODEL

To develop the mathematical model is considered the
set of input data constants and variable generated deriving
from the treatment of acoustic-mechanical-electrical
conversion, thus will be the following input data: frequency
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(12)
unde impedanta mecanica a circuitului deschis este:

(13)
lar impedanta de blocare este data de relatia:

(14)

In partea electricdA a modelului matematic sunt
introduse ca date de intrare Ro (rezistenta bobinei), Lo
(inductanta bobinei), B (cdmpul magnetic) si | (lungimea
bobinajului), care caracterizeaza traductorul electromagnetic.
Efectul direct este de a realiza o oscilatie electrica
sincrona cu vibratia membranei [12].

3. DEZVOLTAREA MODELULUI DE SIMULARE

Pentru a dezvolta modelul matematic este considerat
setul de date de intrare constante si variabile generate
care rezulta din tratamentul acustic-mecano-electrice de
conversie, astfel vor fi lute n considerare urmatoarele date
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of generated sound [Hz], distance of the wave propagation
[m], the speed of sound [m/s], the beginning of the
variation of time [s], the number of oscillation represented,
the number of point that will represents an oscillation,
noise level [dB], membrane diameter [m], membrane and
coil mass [kg], the mechanical resistance [Ns/m], stiffness
of the speaker [N/m], magnetic field [T], the length of the
voice coil [m], coil resistance [Q] and coil inductance [H].

With the input data are calculated electrical parameters
both as variation in time or as average values. Mean value
of final voltage, intensity and power are calculated with
relations:

where, T=ts - ti.

Assembling the three sequences that describe the
successive stages of acoustic energy conversion into
electricity led to development of an algorithm detailed in
the following logical scheme (fig. 4). For simulate the
sound harvest effect, the described mathematical model
was translate in MathLab programming software,
assuming the imposed form of output parameters
representation mentioned in diagram from figure 4.

4. SIMULATION RESULTS
For a set of input data were determined intermediate

values that characterize the mechanical-electrical
conversion as well as final values: output electrical
parameters.

In the simulation model, the input parameters were:

beginning of the time interval In [s];

the number of oscillation to be represented- sated of 8;
the number of points after that represents an

oscillation (more than 100);

frequency of the generated sound sated of 60 Hz;

distance of the receiver electromagnetic transducers
from source (wave generator) measured at 1 m;
speed of sound 340 m/s;

noise level 130 dB(A);

diameter of the membrane 0.32 m;

mechanical resistance;

stiffness find to be 2000 N s / m;

magnetic field 1,2 T;

length of voice coil of 7 m;

resistance of coil 8 Q;

coil inductance founded to be 0.0012 H.
A first simulation results were regarding the effect of
the wave propagation through the transducer, in this
respect the speed of the transducer membrane vibration
and the pressure through it were calculated and graphic
represented in the figure 5. These parameters describe
the sequences of the conversion steps are presented too.

Continuing the simulation, the electric parameters

were found and in accordance with the requirement
regarding the AC/DC current rectifier. The graphics of the
simulated harvest parameters offer information’s
regarding the electric signal convert from waves (fig. 6).
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de intrare: frecventa generata [Hz], distanta de propagare
a undei [m], viteza sunetului [m/s], inceputul de variatie de
timp [s], numérul de oscilatii reprezentate, numarul de
punctul in care Se va reprezinta o oscilatie, nivel de
zgomot [dB], diametrul membranei [m], membrana si masa
bobinei [kg], rezistentda mecanicd [Ns/m], rigiditate
membranei [N/m], campul magnetic [T], lungimea bobinei
[m], rezistenta bobinei [Q] si inductivitatea bobinei [H].

Cu datele de intrare se calculeaza parametrii electrici
atat privind variatia in timp cat si ca valori medii. Valoarea

medie de finala tensiune, intensitatea si puterea se
calculeaza cu relatiile:
1T
Ilf; Pfd:?j‘Pf (15)
0
unde, T =ts - ti.

Asamblarea celor trei secvente care descriu etapele
succesive de transformare a energiei acustice in energie
electrica a condus la dezvoltarea unui algoritm detaliat in
cadrul urmatoarei scheme logice (fig. 4). Pentru a simula
efectul conversiei de sunet, modelul matematic a fost
realizat in software-ul MathLab, presupunand ca forme
impuse de reprezentare a rezultatelor parametrii
mentionati in diagrama din figura 4.

4. SIMULARE REZULTATELE
Pentru un set de date de intrare au fost determinate
valori intermediare care caracterizeaza conversia
mecanica-electrice, precum si valorile finale: parametrii de
putere electrica.
in modelul de simulare, parametrii de intrare a fost:
Tnceputul interwal de timp [s];
numarul de oscilatii reprezentate 8;
numarul de puncte prin care reprezinta o oscilatie (mai
mult de 100);
frecventa sunetului generat 60 Hz;
distanta de amplasare a traductorului electromagnetic
fata de sursa, masurata la 1 m;
viteza sunetului 340 m / s;
nivelul de zgomot 130 dB (A);
diametru de 0.32 m membranei;
rezistenta mecanica;
rigiditatea membranie 2000 N s / m;
campul magnetic al. traductorului 1,2 T;
lungimea bobonajului 7 m;
rezistenta bobinei de 8 Q;
inductanta bobinei 0.0012 H.
O prima serie de rezultate de simulare au fost cu privire la
efectul de unda, in aceasta privinta, Au fost calculate si
reprezentate grafic viteza de vibratie a membranie si presiunea
exercitata de unda sonora pe membrana, rezultatele
grafice obtinute fiind prezentate in figura 5. Parametrii
Aceste valori descriu transformarea acustico — mecanica.
Continudnd simularea Au fost calculati parametrii
electrici finali care reflectd inclusiv redresarea curentului
electric in scopul obtinerii de valori de curent continuu..
Variatia acestor parametrii arata variatia in temp a
procesului de conversie (fig. 6).
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Input data, the step and range of time
ti —the beginning of the time variation
no — number of the oscillation represented
n —number of points after that it is represented an oscillation

v

Acoustic input data Mechanical input data
L, — noise level Rm — mechanical resistance
f —frequency of the generated sound s— stiffness
x — distance m — membrane and coil mass

A 4

Input data

v

Electrical input data
Ro — coil resistance
Lo — coil inductance
B — magnetic field
| — length of the voice coil

A 4

Determines the variation of A, depending
of time (2) —>

Determines the variation of P depending of time /
Determina variatia lui P in functie de timp

v v

Determines the variation of p depending
of time (3)

Determines the variation of |s depending of time /
Determina variatia lui I; in functie de timp

v v

Determines the variation of F depending
of time

Determines the variation of Vs depending of time /
Determina variatia lui V; in functie de timp

v

Determines the variation of u depending of time /
Determind variatia lui u in functie de timp

v

Determines the variation of | depending of time /
Determiné variatia lui | in functie de timp v

Determine the mean value of Iy

Calculation block

v

Determine the mean value of V4

v Determine the mean value of Py

Determines the variation of V depending of time /
Determind variatia lui V in functie de timp

A 4

Graphical representation of the pressure p, the variation of the membrane force F, the |
variation of the membrane velocity u, the variation of intensity | generated and the variation |
of the voltage V generated by transducer. I

Graphical representation of the mean intensity I,y generated, mean voltage Vis generated
I
|
|

Results

and the mean power Py generated.

Fig. 4 - Flowchart of the simulation algorithm / Diagrama algoritmului de simulare
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Fig. 6 - The electric parameters obtained with the simulation program / Parametrii electrici obtinuti prin simulare

CONCLUSIONS

The proposed simulation algorithm must be confirmed
by the experimental tests proposed for the next research
steps. Any were there are some aspects which made the
difference, as: the electromechanical characteristics of the
transducer; the electric impedance of the electronic device
uses for convert the delivered alternate electric signal into
continuous one.

The developed simulation model may be used for
large wave spectrum conversion into electricity. Various
transducers may be tests using the simulation program
due to the fact that input data interface let to types the
main transducer characteristics.

As a immediately application, the tractors engine noise
conversion simulation may be tested.

Aknowlegement
This work was supported by CNCSIS —-UEFISCDI,
project number PNII — IDEI code 2531/2008
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CONCLUzII

Algoritmul de simulare propus trebuie sa fie confirmat de
testele experimentale propuse pentru etapele urmatoare de
cercetare. Exista unele aspecte care au facut diferenta intre
valorile obtinute pentru diferite teste derulate, cum ar fi
caracteristicile electromecanice ale traductorului; impedanta
electrica a dispozitivului electronic utilizat pentru a converti
semnalul emis si redresarea in semnal electric continuu.

Modelul de simulare dezvoltat poate fi utilizat pentru simularea
conversiei unui larg spectru de frecvente generale in energie
electrica. De asemenea diferite traductoare pot fi teste cu ajutorul
programului de simulare, datorita faptului ca interfata de intrare
de date permite introducerea principalelor caracteristici ale traductorului.

Ca o aplicare directa, programul este utilizabil la simularea
conversiei zgomotului produs de motoarele tractoarelor agricole.

Aknowlegement
Aceasta lucrare a fost sustinuta de catre CNCSIS-
UEFISCDI, proiectul numarul PNII - IDEI cod 2531/2008.
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WRITING NORMS / NORME DE REDACTARE

Article Types

Three types of manuscripts may be submitted:
1. Regular articles: These should describe new and
carefully confirmed findings, and experimental procedures
should be given in sufficient detail for others to verify the
work. The length of a full paper should be the minimum
required to describe and interpret the work clearly (max. 8
pages);
2. Short Communications: A Short Communication is
suitable for recording the results of complete small
investigations or giving details of new models or
hypotheses, innovative methods, techniques or apparatus.
The style of main sections has not necessarily to be in
accordance with that of full-length papers (max. 6 pages);
3. Reviews: Submissions of reviews and perspectives
covering topics of current interest are welcome and
encouraged (max. 8 pages).

Review Process

All manuscripts are reviewed by the 2 members of the
Scientifically Review. Decisions will be made as rapidly as
possible, and the journal strives to return reviewers’
comments to authors in approx. 3 weeks. The editorial
board will re-review manuscripts that are accepted pending
revision.

NOTE: Submission of a manuscript implies: that the work described has not
been published before (excepting as an abstract or as part of a published

lecture, or thesis) that it is not under consideration for publication
elsewhere.

1. REGULAR ARTICLES

All portions of the manuscript must be typed single-
spaced, A4, top and bottom: 2 cm; left: 2.3 cm; right:
1.7 cm, font: Arial, size 9 pt, except the title which will
be 11 pt. and explicit figures, which will be 8 pt.

Text paper will be written in two equal columns of 8.3
cm, 0.4 cm space between them, except the title,
authors and their affiliations, tables, figures, graphs and
equations to be entered once.

Text will be written in English in the left column,
respectively in native language in the right column.

The chapter titles are written Uppercase (eg:
INTRODUCTION, MATERIAL AND METHODS),
between chapters is left a space for 9 pt. At the
beginning of each paragraph to leave a tab of 0.5 cm.
The paper will be written in Word, "Justify" alignment;
The paper should be transmitted by E-mail.

There are allowed 2 papers by each first author.

The Title should be a brief phrase describing the contents
of the paper. PAPER’S TITLE will be uppercase, Bold (the
title in English language) and Bold italic (the title in native
language), center, 11 pt. Under the paper's title, after an
space (enter) 9 pt., write authors' names (eg: Vasilescu G.).
(font: 9 pt.,, bold) and affiliations, the name of the
corresponding author (next row), (9 pt., regular). Also be
passed: the phone, fax and E-mail information, for the first
author of paper's (font: 8 pt., italic).

Title should be short, specific and informative. Avoid long
titles; a running title of no more than 100 characters is
encouraged (without spaces).

The Abstract should be informative and completely self-
explanatory, briefly present the topic, state the scope of
the experiments, indicate significant data, and point out
major findings and conclusions. The Abstract should be
100 to 300 words in length. Complete sentences, active
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Tipuri de Articole

Trei tipuri de manuscris pot fi trimise:
1. Articole obignuite (normale): acestea trebuie sa descrie
cercetari noi si confirmate, iar procedurile experimentale
sa fie descrise pentru a putea fi verificate in detaliu, fara a
leza dreptul de proprietate intelectuala. Marimea unei lucrari
trebuie sa cuprinda minimul necesar pentru a descrie si
interpreta in mod clar continutul (ma.8 pagini);
2. Comunicari scurte: o comunicare scurta este folosita
pentru inregistrarea rezultatelor din investigatii complete
de dimensiuni reduse sau pentru a oferi detalii despre modele
noi de ipoteze, metode inovative, tehnici sau infrastructuri.
Tipul sectiunilor (capitolelor) principale nu trebuie sa fie neaparat
in concordanta cu articolele normale (max. 6 pagini);
3. Sintezele: Prezentarea unor comentarii si perspective
acoperind subiecte de interes actual sunt binevenite si
incurajate (maxim 8 pagini).

Procesul de evaluare (recenzie)

Toate manuscrisele sunt evaluate de catre 2 membri
ai Comitetului Stiintific. Deciziile vor fi luate cat mai rapid
posibil si revista va returna comentariile evaluarilor Thapoi
la autori Tn aproximativ 3 saptamani. Conducerea editoriala
va reevalua manuscrisele care sunt acceptate in vederea
publicarii in revista.

Nota: Sunt acceptate numai lucrarile care nu au mai fost publicate anterior.
In cazul in care autorii trimit spre publicare lucrari ce contin date, informatii,

capitole, etc., din alte lucrari publicate anterior si nu se fac referiri la acestea
n text, raspunderea apartine acestora.

1._ARTICOLE OBISNUITE
Toate capitolele manuscrisului trebuie sa fie scrise single-
spaced, A4, sus si jos: 2 cm; stanga: 2.3 cm; dreapta:
1.7 cm, font: Arial, marime 9 pt, cu exceptia titlului care
se scrie cu 11 pt. si figurile explicite, care se scriu cu 8 pt.
Textul lucrarii va fi scris in doua coloane egale de 8.3 cm,
0.4 cm spatiul dintre ele, exceptand titlul, autorii si
afilierea acestora; tabelele, figurile si ecuatiile care nu
se scriu pe coloane ci pe toata pagina (vezi modelul atagat);
Textul se va scrie in limba englezd in coloana din
stanga, respectiv in limba matema - coloana din dreapta.
Titlurile capitolelor sunt scrise cu majuscule (ex:
INTRODUCERE, MATERIAL $I METODE), intre
capitole se lasa un spatiu de 9 pt. La inceputul fiecarui
paragraf se lasa un "tab" de 0.5 cm;
Lucrarea va fi scrisa in Word, aliniere “Justify”.
Lucrarea trebuie trimisa prin e-mail.
Sunt permise max. 2 lucrari ca prim autor.

Titlul trebuie sa fie o frazd scurta care sa descrie
continutul lucrarii. Acesta va fi scris cu majuscule, centrat,
marime: 11 pt., bolduit, (titlul in engleza) si bolduit italic
(titlul in limba maternd). Sub titlul lucrarii dupa un spatiu de
9 pt., se scriu numele autorilor (ex: Vasilescu G.) (9 pt.,
bold), imediat sub numele autorilor se scrie: afilierea
autorilor (9 pt., normal) iar pe urmatorul rand: telefonul,
faxul, e-mailul corespunzator celui care a trimis lucrarea -
primului autor (8 pt., italic).

Titlul trebuie sa fie scurt, specific si informativ. Evitati
titlurile lungi, un titlu de sub 100 caractere este
recomandat (fara spatii).

Rezumatul trebuie sa fie informativ si usor de inteles;
prezentati pe scurt topica, stadiul experimentelor, date
semnificative, si evidentiali descoperirile majore si
concluziile. Rezumatul trebuie sa cuprinda intre 100 si 300
cuvinte. Propozitile complete, verbele active, si persoana
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verbs, and the third person should be used, and the
abstract should be written in the past tense. Standard
nomenclature should be used and abbreviations should be
avoided. No literature should be cited (font: 9 pt., the title -
bold italic; the text of abstract: italic).

Following the abstract, about 3 to 10 Keywords that will
provide indexing references should be listed (font: 9, bold
italic - the title and 9 pt., italic - the text).

A list of non-standard Abbreviations should be added. In
general, non-standard abbreviations should be used only
when the full term is very long and used often. Each
abbreviation should be spelled out and introduced in
parentheses the first time it is used in the text. Only
recommended S| units should be used. Authors should use
the Solidus presentation (mg/ml). Standard abbreviations
(such as ATP and DNA) need not to be defined.

The INTRODUCTION should provide a clear statement of
the problem, the relevant literature on the subject, and the
proposed approach or solution. It should be understandable
to colleagues from a broad range of scientific subjects.

MATERIALS AND METHODS should be complete enough
to allow experiments to be reproduced. However, only truly
new procedures should be described in detail; previously
published procedures should be cited, and important
modifications of published procedures should be
mentioned briefly. Capitalize trade names and include the
manufacturer's name and address. Subheadings should be
used. Methods in general use need not be described in
detail.

RESULTS should be presented with clarity and precision.
The results should be written in the past tense when
describing findings in the authors' experiments. Results
should be explained, but largely without referring to the
literature. Discussion, speculation and detailed interpretation of
data should not be included in the Results but should be
put into the Conclusions section. Subheadings should be
used.

The CONCLUSIONS should interpret the findings in terms
of the results obtained in this and in past studies on this
topic. State the conclusions in a few sentences at the end
of the paper. The Results and Discussion sections can
include subheadings, and when appropriate, both sections
can be combined.

The Acknowledgments of people, grants, funds, etc
should be brief (if necessarily).

Tables should be kept to a minimum and be designed to
be as simple as possible. Tables are to be typed single-
spaced throughout, including headings and footnotes.
Each table must be written on the entire width of the page,
into the text where reference is made, the columns are
broken - one column (see attached sample). Tables should
be self-explanatory without reference to the text. The
details of the methods used in the experiments should
preferably be described in the legend instead of in the text.
The same data should not be presented in both table and
graph form or repeated in the text. Table’s title will be
centered bold (in English) and bold italic native language
then separated by a slash. In the table, each row will be
written in English (Arial, regular, size: 9 pt.) / native
language (Arial, italic, 9 pt.). The table and its number is
written right justified, bold - in English and bold italic -
native language, separated by a slash (/).
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a lll-a trebuiesc folosite (rezumatul sa fie scris la timpul
trecut). Se va utiliza nomenclatura standard iar abrevierile
trebuiesc evitate. Nu se vor utiliza citari de lucrari Tn
"rezumat" (font: 9 pt., titlu - bold italic; textul rezumatului -
italic).

Cuvinte cheie: ca urmare a rezumatului, intre 3 si 10
cuvinte cheie trebuiesc listate, aceste oferind referinte de
indexare (font: 9 pt., bold italic — titlul i 9 pt., italic - textul).

Trebuie adaugaté o listd de abrevieri specifice. In general,
aceste abrevieri se folosesc atunci cand termenul folosit
este foarte lung si des intalnit in lucrare. Fiecare abreviere
ar trebui introdusa in paranteza pentru prima data cand
este folosita in text. Doar unitati din Sl trebuiesc folosite.
Autorii trebuie sa foloseasca prezentarea Solidus (mg/ml).
Abrevierile standard (ca ATP sau ADN) nu trebuiesc
definite.

INTRODUCEREA trebuie sa ofere o expunere clara a
problemei, esenta relevanta a subiectului si abordarea
propusa sau solutia. Aceasta trebuie sa poata fi inteleasa
de catre colegi din diferite domenii gtiintifice.

MATERIALE $I METODE: trebuie sa fie suficient de
complete pentru a permite experimentelor sa fie reproduse.
Totusi, numai metodele cu adevarat noi trebuie descrise in
detaliu; metodele publicate anterior trebuie citate;
modificarile importante ale metodelor publicate trebuie
mentionate pe scurt. Scrieti cu majuscule denumirile
comerciale si includeti numele si adresa producatorilor.
Subcapitolele trebuie utilizate. Metodele utilizate n
general, nu trebuie descrise in detaliu.

REZULTATELE trebuie prezentate cu claritate si precizie.
Acestea trebuie scrise la timpul trecut, atunci cand descriu
constatarile in experimentele autorilor. Rezultatele trebuie
sa fie explicite, dar in mare masura, fara a se face referire
la literatura de specialitate. Discutiile, speculatiile si
interpretarea detaliata a datelor nu trebuie sa fie incluse in
rezultate, ci trebuie incluse in capitolul Concluzii. Subcapitolele
trebuie utilizate.

CONCLUZIILE trebuie sa interpreteze constatarile in ceea
ce priveste rezultatele obtinute in aceasta lucrare si in
studiile anterioare pe aceasta tema. Concluziile generale
vor fi prezentate in cateva fraze la sfarsitul lucrarii.
Rezultatele si discutiile pot include subpozitii, si atunci
cand este cazul, ambele sectiuni pot fi combinate.

Multumirile catre oameni, cei care au acordat burse,
fonduri, etc., trebuie sa fie scurte (daca este necesar).

Tabelele trebuie mentinute la un nivel minim si s& fie
proiectate pentru a fi cat mai simple posibil. Tabelele vor fi
scrise la un rand, inclusiv titlurile si notele de subsol.
Fiecare tabel trebuie scris pe intreaga latime a paginii,
intre textul Tn care se face trimitere; coloanele sunt
eliminate - o singura coloana (vezi atasat modelul).
Tabelele trebuie sa fie auto-explicative, fara referire la text.
Detaliile cu privire la metodele utilizate Tn experimente
trebuie sa fie, de preferintd, descrise in legenda si nu in
text. Aceleasi date nu trebuie prezentate atat in tabel cat si
sub forma grafica (decat daca este absolut necesar) sau
repetate in text. Titlul tabelului va fi scris centrat, bold (in
engleza) si bold italic (in limba materna), separate de un
slash (/). In tabel, fiecare rand va fi scris in limba engleza
(9 pt., normal) / limba materna (9 pt., italic). Tabelul si
numarul acestuia se scrie aliniat la dreapta, bold - in limba
engleza si bold italic in limba matern&, despartite de un slash (/).
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Figure legends should be typed in numerical order.
Graphics should be prepared using applications capable of
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 1, 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]. VIadut V (2009) - Studiul procesului de treier Tn
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Romania.

Book Chapter:
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Figurile trebuie scrise in ordine numerica. Grafica trebuie
realizata utilizand aplicatii capabile sa genereze JPEG de
fnaltd rezolutie, Tnainte de a introduce in dosarul
manuscris Microsoft Word (Insert - From File - ... JPEG).
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, o singura coloana (vezi atasat
model).

REFERINTELE: se fac in text; o referinta identificata prin
intermediul [1], [2], ...[n], se scrie Tn ordinea in care a fost
trecuta la sfarsitul lucrarii - ordine alfabetica.

Exemplu:

(11, 2], [3], .., [n]

Referintele trebuie prezentate la sfarsitul lucrarii in
ordine alfabetica. Articole in curs de pregatire sau articole
trimise spre publicare, observatiile nepublicate, comunicarile cu
caracter personal, etc, nu trebuie incluse in lista de
referinta, dar pot fi mentionate in textul lucrarii (exemplu,
A. Danciu, Universitatea din Bucuresti, Romania,
comunicare personald). Autorii sunt pe deplin responsabil
pentru exactitatea referintelor.

Exemple:
Jurnal / Revista

[1]. Nicolescu M.A. (2007) - Proprietétile relevante ale
combustibililor lichizi alternativi vizati pentru exploatarea
motoarelor diesel Tn regim policarburat, INMATEH
Inginerie Agricold, vol. 27, nr. 1 / 2009, ISSN 1583-1019,
pg. 50-55;

[2]. Pirna I, Nicolescu M., Marin M., Voicea | (2009) -
Alimentarea alternativda a tractoarelor agricole cu uleiuri
vegetale crude, INMATEH - Inginerie Agricola, vol. 29, nr.
3/2009, ISSN 1583-1019, pg. 89-92.

Conferinta / Simpozion

[1]. Bungescu S, Stahli W, Birig S, Vladut V, Imbrea F,
Petroman C (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on Agricultural
Engineering "Actual Tasks on Agricultural Engineering”,
Opatija - Croatia, ISSN 1333-2651, pag. 177+184.

Carte

[1]. Vladut V (2009) - Studiul procesului de treier in
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Romania.

Capitol din carte
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[1]. Vladut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. In: Studiul
procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
Dissertation / Thesis:

[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.
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[1]. Viadut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. in: Studiul
procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
Disertatii / Teze de doctorat

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu magini agricole
pentru pregétirea terenului in vederea insadmantarii. Teza
de doctorat, Universitatea Transilvania Brasov, Brasov,
Romaénia.

Unitati, Abrevieri, Acronime

unitatile metrice trebuie sa fie, in general, SI, si
exprimate in forma prescurtata standard;
acronimele pot fi acceptate, dar trebuie sa fie
definite la prima utilizare.

2._.COMUNICARILE SCURTE

Comunicarile scurte sunt limitate la maxim 2 figuri si un
tabel. Acestea trebuie sa prezinte un studiu complet, care
este mai limitat decat in cazul articolelor normale (de
dimensiuni mai mari). Elementele de pregatire a articolelor
normale (manuscriselor) enumerate mai sus se aplica si la
comunicarile scurte, cu urmatoarele diferente: (1) Rezumatul
este limitat la 100 cuvinte; (2) capitolele Materiale si
Metode, Procedurile experimentale pot fi scrise impreuna,
incorporand figurile si tabelele; (3) Rezultatele si
Concluziile pot fi combinate intr-o singura sectiune.

SINTEZELE

Sintezele, comentariile si perspectivele acoperind subiecte
de interes din domeniu sunt incurajate si acceptate spre
publicare. Sintezele trebuie sa fie concise si nu mai mari 8
pagini. Toate celelalte conditii sunt similare cu cele de la
articolele normale (obisnuite), enumerate mai sus.
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